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ABSTRACT

The rapid transformation of the Indian logistics sector, driven by the proliferation of e-commerce, cross-border
trade, and just-in-time supply chain models, has placed transportation at the centre of organizational efficiency.
This study investigates the role of design technology in optimizing transportation operations at Tripadam
Logistics Private Limited, a Chennai-based integrated logistics service provider incorporated in 2009. The
research adopts a descriptive and analytical research design, drawing on primary data collected through structured
questionnaires administered to 50 employees and stakeholders. Statistical tools including percentage analysis,
one-way ANOVA, chi-square tests, correlation analysis, and one-sample t-tests were employed to evaluate
relationships between technology adoption and operational outcomes. Findings reveal that technologies such as
GPS tracking, Al-powered route optimization, loT sensors, cloud-based logistics platforms, and automated
dispatch systems have significantly improved route efficiency, vehicle capacity utilization, delivery accuracy,
and customer satisfaction. The study contributes actionable insights for mid-sized Indian logistics firms seeking
to leverage design-tech solutions to remain competitive in an evolving market environment.

Keywords: Design Technology, Transportation Optimization, Logistics Management, GPS Tracking, Route
Optimization, loT, Indian Logistics, Tripadam Logistics

INTRODUCTION

In the contemporary global economy, logistics and transportation have evolved from operational support
functions into strategic pillars that directly influence customer experience, cost structure, and competitive
positioning of firms. The rapid expansion of e-commerce, cross-border trade, and just-in-time inventory systems
has placed immense pressure on logistics providers to deliver goods faster, more reliably, and at lower costs.
Within this context, transportation plays a particularly critical role, as it accounts for a major share of total
logistics expenses and strongly affects service levels, delivery time, and environmental performance.

The Indian logistics industry is undergoing a structural transformation. Road transport alone accounts for nearly
70 percent of domestic freight movement, making it the backbone of supply chain operations across sectors
including manufacturing, retail, pharmaceuticals, and e-commerce. Government initiatives such as the Goods
and Services Tax (GST), the National Logistics Policy 2022, and infrastructure development projects under the
PM Gati Shakti National Master Plan have further streamlined operations and sought to reduce India's logistics
costs, which remain among the highest globally at approximately 13-14 percent of GDP compared to a global
average of 8 percent.

Tripadam Logistics Private Limited, incorporated on 9th September 2009 and headquartered at St. Thomas Mount,
Chennai, Tamil Nadu, operates as an integrated logistics and transportation services provider specializing in land
transport, customs clearance, freight forwarding, warehousing, and related auxiliary activities. With a tagline of
'‘Making Material Difference,’ the company has built its reputation over more than a decade on personalized
customer service, efficient customs and forwarding solutions, and safe, timely delivery of goods. Like many mid-
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sized logistics firms in India, however, Tripadam faces growing operational challenges: rising fuel prices, stricter

regulatory norms, driver availability constraints, and the need to meet increasingly tight delivery commitments
from customers and e-commerce platforms.

Design-tech optimization — the deliberate redesign of logistics and transportation processes supported by
information and communication technologies — represents one of the most promising avenues for addressing
these challenges. Modern logistics technologies such as GPS tracking systems, telematics, Al- based route-
planning software, 10T sensors, and data-driven demand forecasting enable companies to optimize vehicle routes,
improve fleet utilization, reduce idle time, and lower per-kilometre operating costs. When applied systematically,
these technologies not only enhance operational efficiency but also contribute to better asset management,
greener operations, and improved customer satisfaction through more accurate delivery windows and real-time
visibility.

This research paper investigates the role of design technology in optimizing transportation operations at
Tripadam Logistics Private Limited. It analyses current practices, identifies operational bottlenecks, and
evaluates the impact of technology adoption on key performance metrics including route efficiency, cost
reduction, vehicle utilization, and customer satisfaction. The study seeks to demonstrate how an MBA- level
research initiative can contribute meaningful and actionable insights to a practicing logistics firm by aligning
academic concepts in logistics and supply chain management with real-world operational challenges.

Industry Profile: Indian Transportation and Logistics Sector

The transportation and logistics industry plays a vital role in the economic development of India by ensuring the
efficient movement of goods and services across regions. The sector acts as the backbone of industries such as
manufacturing, retail, e-commerce, pharmaceuticals, and construction, facilitating supply chain operations and
connecting producers with consumers.

The Indian logistics market was valued at approximately USD 250 billion in 2023 and is projected to grow at a
compound annual growth rate (CAGR) of 8-10 percent through 2028, driven by rapid economic expansion,
increasing globalization, the growth of organized retail, and the exponential rise of e- commerce. Road transport
dominates the sector, accounting for nearly 70 percent of freight movement, followed by railways at
approximately 17 percent, waterways at 8 percent, and air freight at the remainder.

A major transformation in the logistics sector is being driven by the adoption of advanced technologies. Artificial
Intelligence, Machine Learning, the Internet of Things, GPS tracking, cloud computing, and predictive data
analytics are being increasingly deployed to enhance operational efficiency. These technologies enable real-time
tracking of shipments, accurate demand forecasting, optimized route planning, and improved fleet management,
thereby reducing costs and improving service quality. Digital platforms and integrated logistics systems are
further improving coordination among stakeholders, enhancing transparency, and enabling better decision-
making across the supply chain.

Emerging technologies such as blockchain-based documentation, telematics, digital control towers, and digital
twin simulations are providing end-to-end visibility across supply chains and helping companies respond rapidly
to disruptions. Despite this growth trajectory, the Indian logistics industry continues to face challenges including
fragmented market structure, inadequate infrastructure in tier-two and tier-three cities, high logistics costs,
limited skilled workforce in technology operations, and the need for greater intermodal connectivity

Company Profile: Tripadam Logistics Private Limited

Tripadam Logistics Private Limited is a Chennai-based integrated logistics and transportation service provider
engaged in offering comprehensive supply chain solutions across land, air, and sea freight. Incorporated on 9th
September 2009 as a private limited company and registered under the Registrar of Companies, Chennai, the
firm operates from its headquarters in St. Thomas Mount, Chennai, Tamil Nadu.

The company specializes in providing a wide range of logistics services including customs clearance, freight
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forwarding, warehousing, and transportation management. Its core strength lies in handling complex import and
export procedures, ensuring smooth cargo movement, and delivering goods safely and efficiently. The
organization emphasizes end-to-end logistics support, taking responsibility for the movement of consignments
from point of origin to final destination.

With over a decade of industry experience through its leadership and operational expertise, Tripadam Logistics
has built a strong reputation for reliability, professionalism, and customer-centric services. The company is led
by experienced professionals with diverse corporate backgrounds in logistics, finance, and customs operations. It
offers specialized services including DGFT (Directorate General of Foreign Trade) assistance, legal and
compliance services, SEZ/EOU support, and logistics consultancy, helping clients navigate regulatory
complexities and optimize their supply chain operations.

The firm operates logistics routes across the Chennai metropolitan region and its industrial hinterland, covering
key CFS-warehouse corridors including Minjur to Oragadam, Chennai Port to Vallam, Chennai Airport to
Mahindra World City, Chennai to Ambattur, and Chennai Port to Sriperumbudur. Its fleet composition spans
light commercial vehicles (cargo vans, pickups, and three-wheeler loaders), medium commercial vehicles for
city-to-city transport, and heavy commercial vehicles including 20-foot and 40- foot container trailers for heavy
cargo.

LITERATURE REVIEW

A growing body of research underscores the transformative role of design technology in logistics and
transportation management. This section synthesizes key academic contributions that inform the theoretical
framework of the present study.

Digital Twin Technology

Shastri and Shrivastav (2025) and the Indian Logistics Optimization Study (2024) explore emerging technologies
including digital twins, drone-based logistics, and blockchain applications. Digital twins are found to enable
simulation of multiple routing scenarios using topography, weather, and engine performance data— a capability
that 38 percent of respondents in the present study identified as the most valuable use of this technology for
monsoon-disruption planning in the Chennai logistics corridor.

Intelligent Transportation Mode Selection

Patil, Patange and Pardeshi (2023) examine transportation mode selection using intelligent systems,
demonstrating that Al-assisted decision-making enables companies to optimize cost-time trade-offs across road,
rail, air, and sea modalities. Their work on non-linear optimization and machine learning models is particularly
relevant for Indian logistics firms aiming to reduce costs while improving service levels.

Al and Predictive Analytics in Logistics

Patel and Desai (2022) and Choudhary and Agarwal (2019) explore Al-based logistics optimization and digital
supply chain transformation respectively. Both studies demonstrate improved demand forecasting accuracy,
enhanced visibility, and reduced human errors through Al and big data analytics. Their findings support the study's
recommendation that Tripadam Logistics invest in Al-powered predictive tools.

Cloud-Based Logistics Platforms

lyer and Srinivasan (2021) focus on cloud-based logistics platforms, demonstrating improved
collaboration among stakeholders, enhanced data accessibility, and real-time operational updates. They

highlight scalability benefits and reduced IT infrastructure costs, making cloud platforms particularly attractive
for mid-sized firms like Tripadam Logistics.

Page 329
www.rsisinternational.org




INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,
MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XV, Issue V, May 2026

10T Applications in Logistics

Singh and Verma (2020) explore 10T applications in logistics, highlighting the role of sensors in monitoring
goods and vehicles, improving cargo safety, enabling real-time condition tracking, and facilitating predictive
vehicle maintenance. Their finding that 10T reduces operational downtime and risks aligns with the study's survey
responses on cargo monitoring and delivery accuracy.

Route Optimization and Data Analytics

Reddy and Kumar (2019) demonstrate through empirical analysis that algorithm-driven route optimization
incorporating traffic, weather, and demand data can reduce fuel consumption and travel time substantially. Their
recommendation to invest in Al-based routing systems is corroborated by the survey findings of the present study,
where 42 percent of respondents identified technology-driven route optimization as offering better value through
reduced fuel, labour, and maintenance expenses.

Integrated Logistics Systems and Operational Efficiency

Kumar, Singh and Modgil (2018) highlight the importance of integrated logistics systems in improving
transportation efficiency, arguing that fragmented logistics leads to higher operational costs and delays. They
establish that design technologies such as Enterprise Resource Planning (ERP) and Transport Management
Systems help synchronize operations and improve responsiveness. This finding directly informs the present
study's analysis of TMS adoption at Tripadam Logistics.

Last-Mile Delivery and Urban Logistics

Nair and Menon (2018) examine last-mile delivery challenges in India, proposing route optimization and micro-
distribution centres as solutions to urban congestion and inefficiency. Their work is contextually significant for
Tripadam Logistics, which serves dense industrial corridors around Chennai where last- mile inefficiency
represents a key operational bottleneck.

GPS Tracking and Real-Time Visibility

Sharma and Gupta (2017) examine the adoption of GPS and telematics systems in Indian transportation, finding
that real-time visibility significantly reduces delays and improves route planning. Their research identifies
challenges including cost of adoption and technical knowledge gaps — challenges that are mirrored in the present
study's findings at Tripadam Logistics.

RESEARCH METHODOLOGY

Research Design

This study adopts a descriptive and analytical research design, which is appropriate for analysing the current
state of technology usage in transportation operations and evaluating its impact on operational efficiency. Both
quantitative and qualitative methods are employed, allowing for a comprehensive understanding of the subject.
Descriptive research is suitable in this context because it focuses on real- time operational practices without
manipulating variables, and helps identify patterns, trends, and relationships between design technology and
transportation performance.

Sources of Data

The study draws on both primary and secondary data sources. Primary data was collected directly from
employees, logistics managers, and operational stakeholders of Tripadam Logistics through structured
questionnaires and direct interaction. Secondary data was gathered from academic journals, research papers,
company reports, and industry publications related to logistics, transportation management, and supply chain
technology.
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Sample Size and Sampling Method

A sample of 50 respondents was selected from the employees and stakeholders of Tripadam Logistics. The study
employs convenience sampling, with elements of purposive sampling to target respondents with relevant
knowledge of transportation operations — including logistics managers, fleet supervisors, dispatch staff, and
warehouse coordinators. The sample composition reflects the firm's demographic profile: 92 percent male
respondents reflecting the gender composition of the Indian freight and logistics workforce, with 48 percent
holding bachelor's degrees and 28 percent postgraduate qualifications.

Data Collection

Primary data was collected through structured questionnaires administered via Google Forms and printed
questionnaires over a three-month period from March to May 2025. The questionnaire comprised 32 items
organized into sections covering demographic information, awareness and usage of design technologies,
technology effectiveness in transportation optimization, cost and fleet management impacts, customer
satisfaction effects, and implementation challenges.

Analytical Tools

The following statistical tools were employed for data analysis: (1) Descriptive statistics and percentage analysis
to summarize survey responses; (2) One-Way ANOVA to test for significant differences in time reduction across
vehicle types; (3) Chi-Square test to examine the association between 10T sensor accuracy perception and delivery
time improvement; (4) Pearson Correlation analysis to assess the relationship between vehicle capacity
utilization and customer satisfaction; and (5) One-Sample t-test to evaluate whether the average time reduction
achieved through design technology differed significantly from a benchmark of 20 minutes.

Data Analysis and Interpretation
Respondent Profile

The study surveyed 50 respondents from Tripadam Logistics. The age distribution shows that 38 percent of
respondents fall in the 31-40 age bracket, representing the core working-age cohort, followed by 34 percent in
the 20-30 bracket. Educational qualifications show that 48 percent are bachelor's degree holders and 28 percent
hold master's degrees, indicating a reasonably educated workforce. Monthly income distribution reveals that the
majority (34%) earn between INR 40,000 and INR 60,000, consistent with the mid-tier wage structure of the Indian
logistics sector. Work experience is well-distributed, with 28 percent having 4-10 years of experience and 26
percent having 1-3 years, suggesting a workforce with moderate operational familiarity.

Technology Usage and Automated Tracking

On the introduction of automated tracking, 50 percent of respondents identified speed as the primary benefit,
followed by transparency at 24 percent, cost efficiency at 16 percent, and personnel management at 10 percent.
This finding underscores the primacy of delivery speed as the commercial imperative driving technology adoption
in freight logistics. Similarly, 50 percent of respondents reported using GPS and 10T sensors efficiently, while 20
percent indicated difficulty, 16 percent experienced slow adoption, and 14 percent have not yet adopted these
tools — indicating a significant opportunity for improved technology training and rollout.

With respect to route planning time, 42 percent of respondents reported planning routes in 30-60 minutes,
suggesting that manual processes still dominate in many cases. Only 20 percent achieve planning in under five
minutes — a characteristic of firms with fully automated routing software. This represents a clear efficiency gap
that Al-based route optimization could address.
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Table 1: Technology Performance Metrics at Tripadam Logistics

Technology Improved Cost ReductionDelivery AccuracyCustomer Satisfaction
Efficiency (%) (%) (%) (%0)

GPS Tracking System 82% 75% 88% 85%

/Al-based Route Optimization 87% 80% 90% 88%

loT Sensors for Cargo 78% 70% 85% 83%

Monitoring

Cloud-Based Logistics Platforms {84% 77% 86% 87%

/Automated Dispatch 80% 74% 84% 82%

Systems

Last-Mile Delivery Strategies

When asked about primary strategies for handling high costs and failed deliveries in the last mile, 34 percent of
respondents favoured implementing static pre-planned routes, while 30 percent preferred Al- powered dynamic
route optimization and real-time customer tracking, and 20 percent opted for increasing manual dispatchers. This
distribution reveals a transitional stage in the firm's technology adoption — a significant minority have embraced
Al-driven dynamism, while a larger proportion remains anchored in more traditional static planning.

Real-Time Data Visibility and Delay Reduction

Thirty-six percent of respondents identified proactive action as the primary mechanism through which real-time
data visibility reduces unexpected delivery delays, followed by estimation (28%), automation (22%), and
documentation (14%). This finding indicates that the operational value of real-time data at Tripadam is perceived
primarily through the ability to take proactive corrective action rather than through fully automated responses —
suggesting the firm is at an intermediate stage of digital maturity.

Transportation Management Systems and Capacity Utilization

On the impact of Transportation Management System (TMS) integration on vehicle capacity utilization, 34
percent of respondents reported improvement, while 26 percent considered the impact negligible and 20 percent
each reported decreases or no effect. The positive but moderate impact likely reflects uneven system penetration
across the fleet. The correlation analysis reported in Section 6.9 below provides statistical corroboration of the
positive relationship between capacity utilization improvements and customer satisfaction.

Regarding WMS-TMS integration for load planning, 38 percent of respondents report full integration with
automated load planning optimization, and a further 36 percent report partial integration with limited real- time
updates. Only 6 percent operate without any WMS integration, indicating that the infrastructure for digital
logistics is substantially in place at Tripadam Logistics, though its effective utilization requires further
optimization.

Customer Satisfaction with Technology Adoption

Technology adoption's primary enhancement to customer satisfaction regarding delivery estimates was identified
by 46 percent of respondents as providing real-time, accurate, and dynamic ETASs via GPS and Al. This finding
is consistent with the broader logistics literature, which identifies delivery transparency and accurate time-of-
arrival communication as the most impactful determinants of customer loyalty in freight logistics. Satisfaction
with the real-time tracking system itself was mixed: 34 percent reported being neutral, 32 percent moderately
satisfied, 22 percent highly satisfied, and 12 percent dissatisfied — indicating room for significant improvement
in the user experience and accuracy of the tracking system.
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Digital Twin and Scenario Planning

The study investigated respondents’ views on the capability of a Digital Twin of the Chennai logistics corridor
for monsoon disruption planning. Forty-four percent identified simulation of flood and traffic

conditions to predict delays and optimize routes as the primary value, while 28 percent favoured physical road
repair approaches and 20 percent preferred halting operations. The preference for simulation-based planning
reflects awareness of the potential of digital twin technology, even if its full implementation at Tripadam remains
aspirational. The firm's routes through Chennai's industrial corridors — particularly Chennai Airport to
Gummidipundi and Chennai Port to Sriperumbudur — are particularly vulnerable to seasonal flooding, making
digital twin-based resilience planning a high-priority investment recommendation.

EV vs ICE Fleet Economics

On the question of electric vehicle (EV) vs internal combustion engine (ICE) vehicle maintenance frequency, 30
percent of respondents perceived EVs as requiring higher maintenance, 26 percent lower, and 24 percent equal
— reflecting the nascent and uncertain awareness of EV economics in the Indian freight context. Regarding daily
energy cost advantage of electric trucks on fixed routes, responses were broadly distributed: 28 percent
considered costs roughly the same, 26 percent estimated EVs are 20-30 percent lower cost, and 22 percent
estimated 50-75 percent lower cost. These mixed perceptions highlight the need for structured EV pilot programs
and employee education as Tripadam Logistics considers fleet electrification.

Statistical Analysis and Hypothesis Testing
One-Way ANOVA: Time Reduction Across Vehicle Types

A one-way ANOVA was conducted to test whether there is a significant difference in time reduction achieved
through design technology adoption across different vehicle categories (light, medium, and heavy commercial
vehicles).

Table 2: ANOVA Test — Time Reduction and Vehicle Type

Source Sum of Squares df Mean Square F Sig.
Between Groups 145.32 2 72.66 6.84 0.003
\Within Groups 488.10 A6 10.61 - -
Total 633.42 48 - - -

The calculated p-value of 0.003 is less than the significance level of 0.05. Accordingly, the null hypothesis that there
is no significant difference in time reduction across vehicle types — is rejected. The finding indicates a
statistically significant difference in time reduction across vehicle categories, with heavy commercial vehicles
demonstrating greater absolute time savings from technology adoption, consistent with their more complex
routing requirements and greater potential for optimization.

Chi-Square Test: 10T Accuracy and Delivery Time Improvement

A chi-square test was conducted to examine the association between respondents’ perception of 10T sensor location
accuracy and their reporting of delivery time improvement since technology upgrade.
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Table 3: Chi-Square Test— loT Accuracy and Delivery Time Improvement

Test \Value df Asymp. Sig. (2- tailed)
Pearson Chi-Square 18.72 0 0.028

Likelihood Ratio 20.15 9 0.017
Linear-by-Linear Association 6.84 1 0.009

N of Valid Cases 49 - -

The Pearson chi-square p-value of 0.028 is less than 0.05, leading to rejection of the null hypothesis. There is a
statistically significant association between respondents’ perception of 10T sensor location accuracy and reported
improvements in delivery time — supporting the inference that effective 10T deployment is a meaningful driver
of delivery performance improvement.

One-Sample t-Test: Average Time Reduction

A one-sample t-test was conducted to evaluate whether the average time reduction achieved through design
technology adoption differs significantly from a benchmark of 20 minutes.

Table 4: One-Sample t-Test — Average Time Reduction

Variable t df Sig. (2- Mean 95% ClI  95% CI

tailed) Difference Lower Upper
Time 0.78 49 0.439 0.90 -1.41 3.21
Reduction

The p-value of 0.439 exceeds the 0.05 significance level, and the null hypothesis is not rejected. The mean time
reduction of approximately 20.9 minutes does not differ significantly from the 20-minute benchmark. This finding
suggests that technology-enabled time savings are currently moderate and broadly consistent, with the distribution
of responses clustered around the 10-30 minute range. The implication is that more aggressive technology
investment — particularly in Al-driven real-time routing — could shift this distribution toward higher time
savings.

Correlation Analysis: Capacity Utilization and Customer Satisfaction

A Pearson correlation analysis was conducted to assess the relationship between improved vehicle capacity
utilization and enhanced customer satisfaction resulting from TMS integration.

Table 5: Correlation — Capacity Utilization and Customer Satisfaction

Variable Capacity Utilization Customer Satisfaction
Capacity Utilization 1.000 0.312 (p =0.027)
Customer Satisfaction 0.312 (p =0.027) 1.000

The correlation coefficient of r = 0.312 indicates a moderate positive relationship between vehicle capacity
utilization and customer satisfaction, significant at the 0.05 level (p = 0.027). This finding provides empirical
support for the operational logic that better-loaded vehicles — enabled by TMS-driven load planning —
contribute to improved service reliability and, consequently, higher customer satisfaction. The moderate rather
than strong correlation reflects the multifactorial nature of customer satisfaction, which is also shaped by
communication quality, delivery accuracy, and relationship management.
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Key Findings
The analysis yields the following substantive findings:

« The implementation of design technologies has significantly improved route optimization, reducing
unnecessary travel time by an average of 20-30 minutes per route at Tripadam Logistics.

« GPS tracking systems, Al-based route optimization, 10T cargo sensors, cloud platforms, and automated
dispatch systems have improved operational efficiency by 78-87 percent, reduced costs by 70-80 percent,
improved delivery accuracy by 84-90 percent, and enhanced customer satisfaction by 82-88 percent across
technology categories.

« Speed is the primary benefit of automated tracking identified by respondents (50%), followed by transparency
(24%), cost efficiency (16%), and personnel management (10%), reflecting the commercial priorities of the
Indian freight sector.

« Half of respondents use GPS and loT sensors efficiently, while 30 percent face difficulty or slow adoption,
indicating significant potential for improved training and change management.

« ANOVA testing reveals a statistically significant difference in time reduction across vehicle types (F = 6.84,
p =0.003), with heavy commercial vehicles achieving greater time savings from technology adoption.

« Chi-square testing confirms a significant association between 10T sensor accuracy perception and delivery
time improvement (p = 0.028), establishing loT effectiveness as a key performance driver.

« Correlation analysis reveals a moderate positive relationship (r = 0.312, p = 0.027) between vehicle capacity
utilization and customer satisfaction, supporting the value of TMS-driven load planning.

« The technology transformation is characterized as 'slight’ by 36 percent and 'moderate’ by 30 percent of
respondents in terms of converting transportation from an unavoidable expense into a profit driver —
indicating that while progress is evident, full digital maturity remains a work in progress.

« Real-time cargo monitoring is found to moderately reduce insurance costs through partial damage prevention
(38%), with 26 percent reporting significant financial burden reduction.

« Digital twin-based scenario planning for monsoon disruption management was identified as the most valuable
near-term technology opportunity by 44 percent of respondents.

« Employee resistance and skills gaps represent the primary barriers to technology adoption, alongside high
initial investment costs and integration challenges with legacy systems.

DISCUSSION

The findings of this study are broadly consistent with the existing logistics technology literature while offering
context-specific insights for mid-sized Indian freight firms. The statistical evidence confirms that design
technology adoption at Tripadam Logistics has yielded meaningful operational improvements, particularly in
route efficiency, fleet utilization, and delivery accuracy. The ANOVA finding that technology benefits differ
across vehicle types is practically important: it suggests that technology investment should be calibrated to
vehicle category, with Al-powered optimization tools yielding the greatest returns when applied to heavy
commercial vehicle operations.

The chi-square finding linking 10T accuracy perception with delivery time improvement is significant in two
respects. First, it confirms the operational value of 10T sensor investment. Second, and perhaps more importantly,
it highlights the role of perception: respondents who understand and trust their 10T tools are more likely to
leverage them effectively. This points to the critical role of employee training not merely in technical operation
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but in building confidence and conceptual understanding of digital tools.

The moderate correlation between capacity utilization and customer satisfaction (r = 0.312) reflects a nuanced
operational reality. Improved load efficiency reduces per-unit delivery costs and enables more reliable
scheduling, both of which contribute to better customer outcomes. However, the moderate rather than strong
correlation suggests that other factors — communication quality, delivery accuracy, and relationship
management — also significantly shape customer satisfaction outcomes.

The study's finding that 42 percent of respondents still require 30-60 minutes to plan a route — compared to the
sub-5-minute capability of Al routing systems — represents perhaps the most striking operational gap identified.
This gap is both a challenge and an opportunity: closing it through Al-powered route planning represents the
single intervention most likely to yield immediate, measurable efficiency gains for Tripadam Logistics.

The mixed perceptions around EV fleet economics — with responses on maintenance frequency and energy cost
advantage broadly distributed across all options — reflect the limited EV exposure of the current workforce and
the nascent state of commercial EV deployment in Indian freight. As India's EV charging infrastructure matures
and commercial EV options expand, this will become an increasingly important strategic consideration for
logistics firms seeking to reduce both costs and carbon footprint.

Suggestions and Strategic Recommendations

Based on the empirical findings and the broader logistics technology literature, the following strategic
recommendations are advanced for Tripadam Logistics Private Limited:

Invest in Al-Powered Route Optimization

The most impactful near-term investment is the deployment of Al-based dynamic route optimization software
capable of incorporating real-time traffic, weather, and demand data. This would reduce route planning time
from the current 30-60 minutes to under five minutes while simultaneously improving delivery accuracy and fuel
efficiency. Commercial solutions such as Oracle Transportation Management, FarEye, or domestic platforms like
LogiNext are well-suited to mid-sized Indian operators.

Strengthen Employee Training Programs

Given that 30 percent of respondents reported difficulty or slow adoption of GPS and IoT tools, comprehensive
technical training programs are essential. Training should focus not merely on system operation but on building
conceptual understanding of data outputs and decision-making using real-time information. A structured
onboarding program for new digital tools, combined with periodic refresher training, will accelerate adoption
rates.

Fully Integrate WMS-TMS Platforms

While 74 percent of respondents report some level of WMS integration, only 38 percent have achieved full
integration with automated load planning. Prioritizing complete WMS-TMS integration would enable automated
load optimization across the fleet, reducing empty miles, improving vehicle utilization, and lowering per-unit
delivery costs. The moderate correlation between capacity utilization and customer satisfaction (r = 0.312)
provides statistical support for this investment.

Pilot a Digital Twin for Chennai Logistics Corridor

Forty-four percent of respondents identified simulation of flood and traffic conditions as the most valuable digital
twin application. Developing a digital twin of the firm's key Chennai logistics corridors — particularly those
vulnerable to monsoon disruption — would enable proactive scenario planning, route pre-optimization for
adverse weather conditions, and more accurate delivery time estimations during disruption periods.
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Strengthen 10T Cargo Monitoring

Given the finding that only 14 percent of respondents consider 10T sensors highly effective in continuously
monitoring and preventing damage, investment in higher-quality sensors and improved monitoring protocols is
warranted. Enhanced cargo monitoring would not only improve goods integrity but also reduce insurance claim
costs, which 64 percent of respondents believe can be reduced through real-time cargo monitoring.

Develop a Phased EV Transition Strategy

While full fleet electrification is a medium-to-long-term consideration, Tripadam should begin developing an EV
transition strategy now, including conducting a route-by-route energy cost analysis, identifying which fixed
corridors are most suitable for EV deployment, and engaging with government incentive programs for
commercial fleet electrification. Mixed workforce perceptions of EV economics underscore the need for
structured internal education.

Enhance Cybersecurity Infrastructure

As digital dependency increases across GPS, 10T, WMS, and TMS systems, the risk surface for cybersecurity
incidents expands proportionately. Tripadam Logistics should invest in robust cybersecurity measures including
data encryption, access control protocols, regular security audits, and staff training in data security practices.

Institutionalize Technology Performance Review

A quarterly technology performance review mechanism should be established, tracking KPIs including average
route planning time, vehicle utilization rate, delivery accuracy rate, fuel cost per kilometre, customer satisfaction
scores, and cargo damage rates. Regular performance review will enable data-driven technology investment
decisions and accelerate the transition from 'slight' to 'significant’ digital transformation.Conclusion

This study has examined the role of design technology in optimizing transportation operations at Tripadam
Logistics Private Limited, a representative mid-sized logistics firm in Chennai's dynamic freight ecosystem.
Through the analysis of primary survey data from 50 respondents using descriptive statistics, ANOVA, chi-
square, correlation, and t-test methodologies, the research has demonstrated that technology adoption — spanning
GPS tracking, Al-based route optimization, 10T cargo monitoring, cloud logistics platforms, and automated
dispatch systems — has delivered meaningful operational improvements across efficiency, cost, delivery
accuracy, and customer satisfaction dimensions.

The statistical evidence is clear: there are significant differences in technology-driven time reduction across
vehicle types, a meaningful association between loT accuracy and delivery improvement, and a positive
relationship between capacity utilization and customer satisfaction. The average time saving of approximately
20 minutes per route — while modest by the standards of fully digitized operations — represents a concrete and
commercially significant operational gain for a firm at this stage of its digital journey.

At the same time, the study reveals important gaps. Route planning times remain high for many respondents, 10T
sensor effectiveness is perceived as limited by a majority, and the overall transformation of transportation
economics is characterized as 'slight' to 'moderate.” These findings point to an organization that has made
meaningful progress in technology adoption but has not yet achieved the level of integration and operational
fluency required to realize the full potential of its digital investments.

The path forward for Tripadam Logistics — and for the broader cohort of mid-sized Indian logistics firms it
represents — lies in moving from fragmented technology adoption toward integrated, data-driven operational
systems. This requires not only continued investment in technology platforms but sustained investment in people:
in training, change management, and the cultivation of a workforce that is confident in using digital tools to make
better operational decisions in real time.

The findings of this study align with and extend the existing academic literature on logistics technology adoption,
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providing empirically grounded, context-specific insights for practitioners and researchers interested in the
transformation of Indian freight and logistics operations. As India continues its ambitious infrastructure and
logistics policy agenda, studies such as this play an important role in bridging the gap between technology
potential and operational reality.
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