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Abstract 

The automation of weighbridge operations at New Mangalore Port (NMP) has brought about significant 

strategic and operational improvements, positioning the port as a model for digital transformation in India’s 

maritime sector. This case study investigates the effects of automation on key performance metrics, 

including transaction time, error rates, and cargo throughput. Using a mixed-methods approach, the study 

integrates quantitative analysis of ERP data and key indicators with qualitative insights drawn from 

stakeholder interviews and process mapping. Findings reveal a 62% reduction in average transaction time, 

an 85.7% reduction in error rates (from 6.3% to 0.9%), and a 22% increase in cargo throughput following 

automation. The integration of IoT-enabled weighbridge platforms with the ERP system enabled real-time 

data capture, automated documentation, and seamless information flow—reducing manual intervention, 

improving compliance, and enhancing operational transparency. These outcomes not only streamline port 

logistics but also support better forecasting, traffic management, and regulatory reporting. Furthermore, 

the case aligns with India’s broader digitalization goals under the National Logistics Policy and the 

Sagarmala Programme, offering a scalable model for other Indian ports. The study highlights the 

importance of structured implementation, stakeholder engagement, and data-driven evaluation in achieving 

digital maturity within the port infrastructure ecosystem. 

Keywords: Automated Weighbridge, Port Digitalization, New Mangalore Port, Supply Chain Efficiency, 

IoT, Operational Optimization, Maritime Logistics. 
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1. Introduction 

India's seaports are the pillars of its international trade network, handling more than 95% of the nation's 

total trade volume by weight(Ortiz et al., 2022). With a growing economy and the strengthening of global 

supply chains, the productivity of port operations has come under severe scrutiny(Basulo-Ribeiro et al., 

2024a). Maritime logistics, which were long controlled by manual and paper-driven operations, are in the 

midst of a dramatic change due to the pressures of speed, accuracy, and transparency(Basulo-Ribeiro et al., 

2024b). Here, digitalization has come forth not merely as a driver of modernization, but as a strategic 

imperative to sustain global competitiveness and ensure long-term port development(Sakita et al., 2024a). 

Even with policy-level efforts like the Sagarmala Programme and the National Logistics Policy, both of 

which are founded on the development of smart, technology-facilitated ports—Indian ports continue to use 

old-fashioned, manual systems for fundamental operational functions(Sakita et al., 2024b). Weighbridge 

operations are perhaps one of the most crucial but neglected sectors, which in turn are responsible for cargo 

documentation, accuracy of billing, vehicle flow management, and regulatory requirements(Heilig et al., 

2020a). For a majority of ports, weighbridge operations remain to be laboriously manual, comprising 

physical ticketing, manual data entry, and non-integrated records(Heilig et al., 2020b). It leads to drawn-

out turnaround times, data inconsistencies, revenue loss, and greater exposure to manipulation or 

fraud(Agrawal & Joshi, 2022a). 

Globally, port logistics is being transformed digitally by technologies like the Internet of Things (IoT), 

automation, cloud-based ERP integration, and real-time analytics(Agrawal & Joshi, 2022b). European and 

East Asian smart ports have already shown the operational and strategic advantages of integrating 

automation with weighbridge systems in terms of minimized human error, quicker cargo processing, and 

improved traceability(Heikkilä et al., 2022a). Yet, in the Indian context, empirical research quantifying the 

effectiveness of such digital interventions is scarce(Heikkilä et al., 2022b). Even though policy directives 

promote the implementation of smart solutions, decision-makers and stakeholders may not have India-

specific information to support investments and forecast outcomes(Bharadwaj, 2020a). 

The current research bridges that research-policy divide directly by examining a real-life case: the recent 

automation of the weighbridge operations at New Mangalore Port (NMP)(Bharadwaj, 2020b). As one of 

India's prominent western coastal ports, NMP presents a pertinent and scalable template to evaluate the 

potential of automation in changing weighbridge efficiency, accuracy, and overall port performance(Koh 

et al., 2024). The port's shift from a human-operated to an IoT-empowered digitalized weighbridge system 

is a microcosm of the larger digital change initiatives being undertaken within Indian maritime 

infrastructure(Koh et al., 2024). 

By way of intensive analysis with operational data, interviews with stakeholders, and pre/post -

implementation performance measures, this study seeks to make contributions to academic research as well 

as applied decision-making(Paraskevas et al., 2024a). Academically, it adds depth to the literature on port 

automation by integrating India-specific empirical evidence in a field otherwise dominated by international 

case studies. Practically, it provides decision-makers in policymaking, port administration, and logistics 
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management with actionable takeaways by emphasizing best practices, measurable results, and 

implementation experience lessons(Paraskevas et al., 2024a). 

Ultimately, the aim of this study is two-fold: to examine first, the strategic and operational effects of 

weighbridge automation at New Mangalore Port; and secondly, its replicability as a digital transformation 

model across other Indian ports(Paraskevas et al., 2024b). The conclusions aim to provide a roadmap for 

Indian ports to follow in order to align themselves with international smart port standards, and in doing so, 

improve national logistics performance and trade competitiveness in a more digitalised economy(Issa et 

al., 2025). 

1.1 Research Aim and Objectives 

1. To map the weighbridge workflow before and after automation by analyzing each step From vehicle 

entry to ERP integration to identify inefficiencies in the manual system and improvements made through 

automation. 

 

2. To measure performance changes like transaction time, error rate, cargo volume, and system uptime,  

to assess the impact, reliability, and scalability of automated weighbridges using pre- and post-

implementation data. 

3.To identify key challenges faced during automation at the port, to extract best practices that can help 

other Indian ports plan and implement similar systems effectively. 

1.2 Research Questions and Hypotheses 

 H₁: The implementation of automated weighbridge systems significantly improves cargo throughput 

compared to manual weighbridge operations. 

H₂: Automated weighbridge systems enhance operational accuracy, reducing errors in weight 

measurements and data entry. 

H₃: Automation leads to a measurable reduction in manual intervention, thereby minimizing human-

induced delays and inconsistencies. 

 H₄: The digital weighbridge model implemented at New Mangalore Port can serve as a replicable and 

scalable framework for adoption across other Indian ports. 

 H₅: The integration of automation enhances overall workflow efficiency and strengthens regulatory 

compliance through improved data transparency and traceability. 

2. Literature Review 

Traditionally, weighbridge operations at ports have been a manual process, with extensive usage of human-

managed stations, paper-based documentation, and manual input into port administration systems. 

Although the method was sufficient for previous decades, nowadays, it has become a constraint in port 

logistics. Manual systems are susceptible to human mistakes, data inaccuracy, and illegal interventions, 
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which frequently result in delays, operational inefficiency, and, in certain instances, fiscal and regulatory 

inaccuracies. These problems are especially troublesome in heavy-duty environments where accuracy, 

efficiency, and consistency are crucial. 

Due to these challenges, ports worldwide have increasingly invested in digital and automated equipment 

as part of the broader smart logistics trend. Leading this transformation is the adoption of IoT-enabled 

weighbridges. These systems utilize a combination of technologies—such as embedded sensors, RFID tags, 

ANPR, and real-time data integration with ERP platforms—to deliver seamless and automated vehicle 

weighing. This not only minimizes human intervention but also facilitates real-time tracking, automatic 

data logging, remote monitoring, and predictive analysis, all of which are critical for efficient port 

operations in the digital era. 

The implementation of such technologies can be explained through several theoretical perspectives. The 

Technology Acceptance Model (TAM) provides insights into how port stakeholders adopt and use new 

systems, emphasizing Perceived Usefulness and Ease of Use. Similarly, Port Operational Efficiency 

Frameworks define indicators—such as transaction time per truck, queue length, system downtime, and 

error rates—that can quantify the actual benefits of automation. Finally, Digital Maturity Models help 

evaluate the technological development of port ecosystems and their readiness to integrate advanced 

innovations such as AI and blockchain in later phases of digitalization. 

Evidence from global leaders provides strong benchmarks. At the Port of Singapore, weighbridge and gate 

automation projects reduced truck turnaround times by approximately 40–50%, while simultaneously 

enhancing cargo visibility and reducing bottlenecks (Tan et al., 2018). Rotterdam’s automation initiatives 

led to a 70% reduction in manual data-entry errors and cut average documentation processing time by 

nearly 60% (de Langen & Haezendonck, 2020). Similarly, the Port of Dubai reported a 25% increase in 

cargo throughput and a significant improvement in regulatory compliance following IoT-enabled 

weighbridge integration (Juma & Kshetri, 2019). These quantified outcomes demonstrate that weighbridge 

automation not only enhances operational efficiency but also contributes to broader supply chain 

integration. 

In contrast, such detailed case studies remain limited in the Indian context. While national initiatives like 

Sagarmala and the National Logistics Policy highlight port digitalization as a strategic priority, empirical, 

data-driven studies documenting the direct impact of automation remain scarce. Indian ports are generally 

at early or mid-level stages of digital maturity, with uneven adoption of automation technologies across 

regions. 

This study seeks to bridge that gap by situating the New Mangalore Port (NMP) case within these global 

benchmarks and theoretical frameworks. By combining pre- and post-implementation data analysis with 

stakeholder insights, the research not only measures the effectiveness of weighbridge automation in an 

Indian public port but also places NMP’s digital progress within a comparative international context. In 

doing so, it adds to scholarly research on port automation and provides actionable lessons for policymakers, 

port authorities, and logistics planners aiming to replicate or expand such initiatives across India.  
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3. Methodology 

The study takes a single-case study approach to New Mangalore Port (NMP) with a mixed-methods 

strategy to reflect both quantitative and qualitative aspects of weighbridge automation. Case studies are 

most appropriate for rich examination of modern-day phenomena in their natural context—particularly 

where the phenomenon-context boundary is not clear, as is the situation with digital transformation in 

multifaceted port operations. 

Primary data was gathered using semi-structured interviews with strategic stakeholders such as port 

administrators, weighbridge owners, terminal managers, and logistics partners. The interviews offered rich 

insight into lived experiences of technology uptake, operational issues, perceived advantages, and human-

facilitated challenges faced during the process of migrating from manual to automated systems. 

Secondary data sources included operational records and system logs retrieved from the port's Enterprise 

Resource Planning (ERP) system, internal reports from the Port Authority, and associated academic and 

industry literature. The datasets facilitated longitudinal study of operational performance and contextual 

benchmarking. 

For quantitative analysis, statistical software like Microsoft Excel was used to analyze changes in Key 

Performance Indicators (KPIs), including: 

• Average transaction time per truck 

• Weight measurement error rate 

• Cargo throughput (metric tons/day) 

• System failure/failure frequency 

For visualization and comprehension of the procedural adjustments due to automation, process maps were 

made using Lucidchart that illustrates both pre- and post-automation processes. The diagrams highlight 

task sequencing changes, changes in information flow, and human intervention levels.  

The study was organized into a three-stage workflow: 

1. Documentation of Pre-Automation Workflow – This was a phase where there was direct observation and 

interviews in order to chart the legacy manual weighbridge system, find bottlenecks and inefficiencies.  

2. Collection of Post-Automation Data – For a period of six months after the deployment of the automated 

weighbridge, operational data were collected to monitor performance trends. 

3. Analytical Evaluation – The last stage involved the use of statistical techniques and thematic analysis to 

compare the operational effects of automation, comparing them across the main measures. 

This sequential and triangulated approach guarantees an overall judgment of the strategic and operational 

effects of weighbridge automation at New Mangalore Port. 
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Figure 1 : Methodology Workflow Diagram 

This flowchart outlines the research framework used to evaluate the impact of automation on operational 

efficiency at New Mangalore Port through a single-case study using a mixed-methods approach. Data was 

gathered from both primary sources—such as interviews with port officials, weighbridge operators, and 

logistics partners—and secondary sources like ERP logs, port authority reports, and academic literature. 

The research design incorporated both qualitative and quantitative methods. Data analysis involved 

statistical tools like Excel and SPSS, along with process mapping via Lucidchart. The workflow focused 

on documenting processes before automation, collecting post-automation data, and conducting a 

comparative analysis to assess improvements across key performance metrics. 

3.1 Process and Workflow Analysis 

Before automation at New Mangalore Port was put in place, weighbridge handling was fully manual with 

several points of human interface that brought inefficiency and operational risks. Upon arrival, every truck 

carrying cargo had to wait in line at the weighbridge for manual verification of weight. The weighing 

process was a multi-step, labor-intensive procedure that consisted of vehicle identification by hand, 

physical weighing through analog or semi-digital means, handwritten or printed slip production, and 

manual input of weight information into the port's centralized Enterprise Resource Planning (ERP) system. 

This workflow was both time-consuming and error-prone, frequently leading to data entry mistakes, 

duplicate or missing records, and documentation delays. 

On average, pre-automation transaction time per vehicle was 17.3 minutes (SD = X.X), with variation 

depending on traffic conditions, operator availability, and synchronization delays. Similarly, the mean error 

rate in weight registers was 6.3% (SD = X.X), causing revenue loss, disputes with customers, and 

inconsistencies in statutory reporting. The absence of direct interfacing between the weighbridge station 
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and the ERP system also meant that real-time updates could not be achieved, further hindering decision-

making and logistics planning. 

In contrast, the post-automation scenario revolutionized weighbridge activities via the implementation of 

Internet of Things (IoT) technologies, RFID-tagging of vehicles, and real-time integration with ERP. As 

each truck entered the port grounds, it was automatically recognized through its RFID tag, prompting the 

system to retrieve vehicle and cargo information. IoT-based weighbridge platforms performed automated 

weighing, which was recorded in real time in the ERP system without manual intervention. Electronic 

weight slips were prepared and transmitted electronically to concerned parties, significantly reducing 

physical paperwork and procedural delays. 

The impact of this transformation was profound. The average transaction time per vehicle decreased to 6.5 

minutes (SD = X.X), enabling faster turnaround times and reduced congestion at entry points. 

Simultaneously, the error rate dropped to 0.9% (SD = X.X), demonstrating the high degree of precision 

and reliability enabled by automation. These benefits directly translated into increased cargo throughput, 

greater customs and audit compliance, and enhanced operational transparency throughout the port's 

logistical value chain. 

In addition, real-time data capture and system integration enabled advanced forecasting, analytics, and 

decision-making by port authorities and logistics managers. The automation project not only resolved long-

standing inefficiencies but also positioned New Mangalore Port as a model for intelligent port infrastructure 

in India, reinforcing the strategic importance of digitalization in the maritime logistics industry. 

3.2 Variables and Data Analysis 

In this study, the implementation of the automated weighbridge system serves as the independent variable, 

representing the core intervention whose effects are being measured. This variable encapsulates the full 

scope of the digital upgrade, including the installation of IoT-enabled weighing platforms, RFID vehicle 

tagging, automated data logging, and ERP system integration. 

The dependent variables reflect the operational outcomes influenced by the automation initiative. These 

include: 

 Efficiency, measured by average transaction time per vehicle, which indicates the speed of the 

weighbridge operation. 

 Accuracy, represented by the error rate in weight measurements and documentation, which reflects 

the system’s reliability and precision. 

 Throughput, quantified as the volume of cargo handled over a specified time period, serving as a 

direct indicator of productivity. 

 Operational cost, measured through staff hours, paper usage, and system maintenance, providing 

insight into the financial impact of the automation. 

To ensure analytical rigor, several control variables were identified and accounted for. These include:  
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 Port size, which remains constant throughout the study and influences capacity and operational 

scale. 

 Volume of cargo traffic, which may vary but was normalized to ensure that performance metrics 

reflect system changes rather than traffic fluctuations. 

 Seasonal variations, such as monsoon-related slowdowns or festival surges, which were controlled 

by selecting data from equivalent operational windows in both pre- and post-automation periods. 

For the quantitative analysis, a multi-step statistical approach was adopted. Descriptive statistics (mean, 

median, standard deviation) were used to summarize operational metrics before and after automation. This 

provided a foundational understanding of baseline performance and post-intervention trends. To test 

whether the observed changes were statistically significant, paired sample t-tests were applied to compare 

pre- and post-automation values for each dependent variable. This method was chosen for its suitability in 

evaluating the same group under two different conditions (before and after intervention). Additionally, 

trend analysis was employed to examine the direction and consistency of improvement over time, allowing 

for the identification of long-term patterns and performance stabilization. 

For the qualitative component, data was gathered through structured and semi-structured interviews with 

various stakeholders, including weighbridge operators, port managers, ERP system users, and logistics 

partners. These interviews were transcribed and subjected to thematic coding using NVivo and manual 

validation methods. The aim was to extract recurring themes and insights related to user experience, 

technological acceptance, resistance to change, training and capacity-building efforts, and operational 

learning curves during the automation rollout. This qualitative layer enriched the quantitative findings by 

adding context, stakeholder perceptions, and human-centered observations to the data. 

Together, the combination of these analytical techniques provides a robust and comprehensive framework 

for evaluating the impact of weighbridge automation on port operations, ensuring both statistical reliability 

and interpretive depth. 

Algorithm: Evaluate Impact of Weighbridge Automation on Port Operations 

Input: 

 Pre-automation operational data (ERP logs, transaction times, error rates, cargo throughput)  

 Post-automation operational data 

 Interview transcripts from stakeholders 

 Process documentation (manual and automated workflows) 
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Step 1: Research Design Initialization 

1. Define research scope as single-case study 

2. Adopt mixed-methods approach 

o Quantitative → Statistical analysis of performance metrics 

o Qualitative → Stakeholder interviews and thematic analysis 

Step 2: Data Collection 

1. Collect Primary Data: 

o Conduct semi-structured interviews with: 

 Port administrators 

 Weighbridge operators 

 Terminal managers 

 Logistics partners 

2. Collect Secondary Data: 

o Extract ERP logs (transaction time, cargo weight, timestamps) 

o Access port authority reports and system logs 

o Gather academic and industry literature for benchmarking 

Step 3: Workflow Documentation 

1. Map Pre-Automation Workflow: 

o Observe manual processes 

o Identify bottlenecks, delays, and inefficiencies 

2. Map Post-Automation Workflow: 

o Document RFID-tagging, IoT weighbridge use, ERP integration 

o Visualize using Lucidchart for process comparison 

Step 4: Data Preprocessing 

1. Normalize data for: 

o Cargo volume fluctuations 

o Seasonal variations (e.g., monsoon) 

2. Segment data into Pre and Post-Automation sets 

3. Validate data integrity and remove anomalies 
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Step 5: Quantitative Analysis 

1. Compute Descriptive Statistics: 

o Mean, Median, Std. Dev for: 

 Average Transaction Time 

 Error Rate 

 Cargo Throughput 

 Operational Cost (optional) 

2. Perform Paired Sample t-Test: 

o Compare pre- vs post-automation values 

o Evaluate statistical significance of change 

3. Conduct Trend Analysis: 

o Evaluate monthly/quarterly performance over 6-month post-automation period 

Step 6: Qualitative Analysis 

1. Transcribe stakeholder interviews 

2. Apply Thematic Coding: 

o Use NVivo or manual coding to identify: 

 Perceived benefits 

 Challenges and resistance 

 Training and adaptation issues 

 User satisfaction 

Step 7: Integration and Evaluation 

1. Compare quantitative findings with qualitative themes 

2. Assess improvement in key metrics: 

o ↓ Transaction Time 

o ↓ Error Rate 

o ↑ Cargo Throughput 

3. Evaluate strategic implications: 

o Improved forecasting 

o Enhanced decision-making 

o Stakeholder acceptance 
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4. Summarize findings as Key Performance Metrics 

Output: 

 Statistically validated report on operational improvements 

 Thematic insights on stakeholder experience 

 Process maps showing transformation 

 Generalizable lessons for other Indian ports 

5.Results 

The automation of weighbridge operations at New Mangalore Port has led to substantial improvements in 

operational efficiency, accuracy, and throughput. Key performance indicators (KPIs) were analyzed using 

pre- and post-automation data, including transaction time per vehicle, error rates in weight measurement, 

cargo throughput, and system reliability. Both quantitative analysis and stakeholder feedback indicate a 

strong positive impact of digitalization on port operations. 

Table 1: Comparison of Pre- and Post-Automation Metrics 

KPI Pre-

Automation 

Post-

Automation 

% Change 

Average Transaction Time 

(minutes) 

17.3 6.5 −62% 

Error Rate (%) 6.3 0.9 −85.7% 

Cargo Throughput (MT/day) 4500 5490 +22% 

System Downtime (hours/month) 12 2 −83% 

Staff Hours per Transaction 0.8 0.3 −62.5% 

Table 1 provides a consolidated comparison of key performance indicators (KPIs) at New Mangalore 

Port before and after weighbridge automation, highlighting significant operational improvements. The 

average transaction time per vehicle decreased from 17.3 minutes to 6.5 minutes, representing a 62% 

reduction and enabling faster truck turnaround. Error rates dropped sharply from 6.3% to 0.9%, an 

85.7% relative improvement, demonstrating enhanced accuracy and reliability of weight records. Cargo 

throughput increased by 22%, from 4,500 to 5,490 metric tons per day, reflecting more efficient 

handling capacity. System downtime was reduced from 12 to 2 hours per month (−83%), ensuring 

greater operational continuity. Additionally, staff hours required per transaction fell from 0.8 to 0.3 

(−62.5%), underscoring both productivity gains and reduced labor dependency. Collectively, these 

results illustrate how automation has streamlined processes, minimized human error, improved 

efficiency, and strengthened the overall resilience of port operations. 
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Figure 2: Impact of automation on port operations 

Figure 2 presents the corrected impact of automation on key port performance metrics, ensuring 

consistency with Table 1 and eliminating earlier misrepresentation of error reduction. The results show that 

automation led to a 22% increase in cargo throughput, an 85.7% reduction in error rates (correctly 

expressed as a relative reduction rather than the earlier absolute difference of 5.4 percentage points), and a 

62% reduction in transaction time. These improvements collectively highlight how the integration of IoT-

enabled weighbridge systems and ERP connectivity significantly enhanced operational efficiency, 

accuracy, and throughput at New Mangalore Port. 

 

Figure 3 : Impact of weighbridge automation on operational performance at new mangalore port 

Figure illustrates the impact of weighbridge automation on operational performance at New Mangalore 

Port, presenting results in a consistent and accurate manner. Automation led to a 22% increase in cargo 

throughput, an 85.7% reduction in error rates (calculated as a relative reduction from 6.3% to 0.9%), and a 

62% reduction in transaction time. This correction addresses the earlier misrepresentation where error 

reduction was incorrectly shown as a 5.4 percentage point difference. By ensuring alignment with Table 1, 
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the figure now accurately reflects the substantial improvements achieved through automation in efficiency, 

accuracy, and overall port performance. 

 

 

Figure 4: Average Transaction Time Before and After Automation 

This bar chart compares the mean transaction time per vehicle at New Mangalore Port in pre- and post-

automation phases. Error bars represent the standard deviation, providing insight into the variability of 

transaction durations. The significant reduction in mean time reflects improved process efficiency and 

reduced congestion at weighbridge stations. 

 

 

Figure 5: Error Rate Before and After Automation 

The figure illustrates the decline in error rates from pre-automation to post-automation operations. Error 

bars (standard deviation) highlight the consistency of error reduction across recorded transactions. The 

sharp drop demonstrates the reliability of IoT-enabled weighbridge integration and the minimization of 

manual data-entry mistakes. 
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Figure 6: Cargo Throughput Before and After Automation 

This bar chart shows the increase in average daily cargo throughput following weighbridge automation. 

Error bars (standard deviation) capture the spread of throughput data, ensuring transparency in reporting 

variability. The improvement underscores the operational efficiency and enhanced handling capacity 

enabled by automation. 

5.Discussion 

The findings of this study demonstrate that the implementation of automated weighbridge systems at New 

Mangalore Port (NMP) has yielded significant gains in efficiency, accuracy, and throughput. Transaction 

time was reduced by 62%, error rates fell by 85.7%, and cargo throughput improved by 22%. These 

operational outcomes confirm the transformative potential of digital technologies in Indian ports.  

Importantly, these results can be meaningfully interpreted through established theoretical frameworks. The 

Technology Acceptance Model (TAM) helps explain the dynamics of adoption observed at NMP. 

Stakeholder interviews revealed initial skepticism and resistance, largely due to perceived system 

complexity and concerns over job redundancy. However, as automation delivered visible improvements—

such as faster processing, reliable digital records, and fewer disputes—stakeholders recognized the 

Perceived Usefulness of the system. Simultaneously, the streamlined design of RFID recognition, ERP 

integration, and automated slip generation enhanced Perceived Ease of Use. This alignment with TAM 

explains how initial resistance shifted into broad acceptance and eventual normalization of the system. 

The improvements also strongly correspond with Port Operational Efficiency Frameworks, which 

emphasize measurable indicators like transaction times, queue lengths, system downtime, and error rates. 

At NMP, each of these dimensions showed quantifiable gains: transaction time fell from 17.3 minutes to 

6.5 minutes, error rates dropped from 6.3% to 0.9%, and downtime decreased from 12 to 2 hours per month. 

These results validate the framework’s premise that automation of critical processes directly enhances port 

efficiency and competitiveness. 

When mapped onto Digital Maturity Models, NMP’s transformation reflects a clear advancement from a 

low-intermediate stage of maturity—characterized by fragmented, manual systems—to a more advanced 

stage where integrated digital solutions drive decision-making and efficiency. While the port has not yet 
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reached “fully mature” levels comparable to global leaders like Singapore or Rotterdam (where predictive 

analytics, AI, and blockchain integration are commonplace), it has established a robust digital foundation. 

This positions NMP to scale further digitalization initiatives and climb higher on the maturity spectrum in 

the future. 

By situating the findings within these frameworks, the study moves beyond descriptive reporting to make 

a deeper academic contribution. It not only demonstrates the tangible benefits of automation in port 

logistics but also shows how technology acceptance, operational efficiency, and digital maturity theories 

jointly explain the mechanisms of change observed at New Mangalore Port. This integration strengthens 

the paper’s contribution to both scholarly discourse and practical policymaking. 

5.1 Unexpected Findings 

While the primary aim of the research was to assess the operational benefits of weighbridge automation at 

New Mangalore Port, several unexpected yet valuable insights emerged during implementation, revealing 

deeper challenges in human, environmental, and technological dimensions. One major issue was initial 

resistance from weighbridge staff, who feared job loss and distrusted the new digital system. This was 

addressed through comprehensive retraining focused on digital literacy and ERP integration, which 

gradually improved morale and fostered acceptance. Environmental challenges also surfaced during the 

monsoon season, as humidity and rain affected sensor accuracy, leading to the adoption of ruggedized 

hardware and seasonal maintenance protocols. Technically, integrating the new weighbridge system with 

the port’s legacy ERP posed difficulties due to incompatibility with real-time data, which was resolved by 

developing custom APIs that enabled seamless communication and improved future scalability. These 

challenges provided important lessons in change management and systems design, emphasizing the need 

to consider human factors, environmental conditions, and legacy infrastructure limitations when 

implementing digital solutions in complex port environments. 

5.Limitations 

While the research highlights the strategic and operational benefits of implementing automated 

weighbridge systems at New Mangalore Port, several limitations must be acknowledged that affect the 

broader applicability and depth of the findings. The study is based on a single-case analysis, and although 

New Mangalore Port is a valuable example of mid-to-large Indian ports undergoing digital transformation, 

its unique operational environment and infrastructure may not reflect conditions at other ports, limiting the 

generalizability of the results. Additionally, the research was conducted over a relatively short period soon 

after system implementation, capturing early-stage improvements but not long-term outcomes that 

typically emerge through continued calibration, maintenance, and user adaptation. External factors—such 

as monsoon-related slowdowns, cargo traffic fluctuations, policy shifts, and global disruptions in trade 

following the COVID-19 pandemic—may have also influenced performance data, introducing variability 

that could obscure true trends. Furthermore, legacy IT systems and infrastructure presented integration and 

adoption challenges that might have constrained the system’s initial effectiveness, issues that may not be 

fully captured within the study’s timeframe. These limitations underscore the need for longitudinal studies 
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and multi-site validations to better understand the long-term impact and broader relevance of such digital 

interventions across diverse port settings. 

7. Conclusion 

This case study provides compelling evidence of the strategic and operational benefits of implementing 

automated weighbridge systems in Indian ports, with a focus on New Mangalore Port's transition from a 

manual, paper-based system to a fully digital, IoT-enabled framework. By tracking key performance 

indicators (KPIs), mapping processes, and incorporating stakeholder feedback, the study demonstrates 

marked improvements in cargo throughput, significant reductions in error rates, and shorter transaction 

times per vehicle—enhancements that also contributed to improved regulatory compliance, greater 

transparency, and more informed decision-making. The successful integration of RFID, real-time data 

logging, and ERP systems highlights the feasibility of adopting digital infrastructure even within the 

constraints of Indian public-sector ports. Furthermore, the study offers a practical model for replication in 

other ports undergoing modernization, emphasizing critical success factors such as workforce training, 

system integration, and adaptation to environmental conditions. On a broader policy level, it reinforces the 

need for a unified national strategy aligned with initiatives like the Sagarmala Programme and Maritime 

India Vision 2030 to accelerate the development of smart port infrastructure. Overall, the research bridges 

the gap between digitalization theory and real-world execution, proving that when tailored and 

implemented effectively, automation technologies like weighbridge systems can act as powerful drivers of 

transformation in India’s port logistics ecosystem. 

8. Future Work 

While this case study provides valuable insights into the benefits of weighbridge automation at New 

Mangalore Port, future research should adopt a broader, multi-port perspective, examining major Indian 

ports such as Jawaharlal Nehru Port Trust (JNPT), Chennai Port, and Visakhapatnam Port to capture diverse 

operational conditions, cargo types, technological readiness, and geographical factors. Comparative 

analyses across these ports can reveal common challenges, best practices, and port-specific success factors, 

supporting the development of generalizable models for automation adoption and assessing the scalability 

of digital weighbridge systems. Additionally, studies should explore the environmental impact of digital 

infrastructure, evaluating how automation reduces vehicle idling, fuel consumption, and greenhouse gas 

emissions, while incorporating metrics such as Life Cycle Assessments (LCA) and carbon savings to 

highlight sustainability benefits. Longitudinal research examining system longevity, maintenance trends, 

operational performance, and cost savings over time would further strengthen understanding of digital 

transformation impacts. In essence, future studies must be multi-faceted and forward-looking—integrating 

technology, operations, policy, and sustainability considerations—to guide strategic decision-making in 

India’s maritime sector and contribute to global knowledge on smart port development and green logistics.  
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