— European Proceedings of
J— Social and Behavioural Sciences
European Proceedings EpSBS
www.europeanproceedings.com e-ISSN: 2357-1330

DOI: 10.15405/epsbs.2024.05.42

INCOMAR 2023
The 9™ International Conference on Marketing and Retailing

TECHNOLOGICAL FEATURES OF WAREHOUSE OPERATIONS
IN THIRD PARTY LOGISTICS SERVICES IN TAMILNADU

Ruthramathi Raja (a)*, Sivakumar Venkatachalam (b)
*Corresponding author

(a) Department of Logistics Management, Alagappa University, Karaikudi, Sivagangai, India,
ruthramathil4@gmail.com
(b) Department of Logistics Management, Alagappa University, Karaikudi, Sivagangai, India

Abstract

Logistics is a vital element of monetary development, serving as a catalyst for a country's firm
competitiveness. Its theatres a decisive role in driving both countries and firms towards success.
Nevertheless, the logistics commerce now grapples with exorbitant costs and subpar efficiency. The
appearance of keen logistics presents a promising avenue to address these challenges. These
characteristics show a key role in fostering the advancement of intelligent logistics. The primary objective
of smart warehouses is to enhance the overall superiority, proficiency, and competence of warehouse
operations, all while minimizing expenses and setbacks. This article delves into the technological facets
of warehouse operations and efficiency within third-party logistics service providers in Tamilnadu. A
qualitative-descriptive method, through an inclusive review of the applicable studies, remained used in
this learning to develop a technology in warehouses. Designed to simulate warehouse operations in
private companies in TN. Statedly, a stratified random sample assortment was applied in this study. The
proposal put forward a framework that is suitable for creating an loT-driven warehouse infrastructure. By
utilizing information congregated from a specific company, the suggested design for a shrewd warehouse
infrastructure effectively achieved real-time discernibility and traceability, leading to enhanced overall
warehouse efficiency, among other benefits. The research framework was implemented in Tamilnadu;
however, the outcomes of this study can lay the groundwork for future research in the realm of IoT smart
warehouses. The empirical findings showcase the utilization of IoT technologies in different companies,

which can be effectively implemented to enhance warehousing processes and yield positive outcomes.
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1. Introduction

In the entire force chain, there's a need to store the force temporarily for committing certain deals
Knight Frank (2014) demands a connection, payload, etc. Figure 1 Shows warehouse operations. Affia
and Aamer (2022). The place where this force is stored is nominated as a Storehouse. Senthil et al. (2020)
Base processes of the storehouse remain of entering, storing, order processing, and dispatch of force base,
the client orders including some value-added services. The storehouse plays a pivotal part in the force
chain operation for the client orders rightly served Richards (2017) The optimal completion of storehouse
operations is achieved through the well-organized society of force movement within the storehouse, Ding
(2013) which is commonly referred to as Warehouse Management. Colakovié et al. (2020) Third-party
logistics (3PL) companies specialize in providing a range of services related to the logistics of the force
chain. Lam and Chi (2016). This encompasses transportation, storage, selection and packaging, predictive

analytics, order completion, packaging, and cargo forwarding.

& oy mfjm=

Pallet tag Label issueing authority

Reader

e —————

Foridift readér Hanheld reader Fixed reader

! |
@/’ o ==y

Figure 1. Warehouse operations

1.1. Technology in 3PL

Enforcing a comprehensive storehouse operation system enables a 3PL company to organize data
on storechouse stock and an informal method to retain track of goods belonging to multiple guests.
Sivakumar and Ruthramathi (2019) WMS technology can ameliorate slotting and picking patterns and
increase communication between transportation operations and storehouse operation systems. Farhan et
al. (2018) WMS schemes can also join with labor operation software, which helps companies optimize
their pool. 3PL drivers’ moment also extends services beyond introductory warehousing and gives

consulting and advising the retailer or manufacturer on the stylish course of action.
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2. Statement of the Problem

Technology has been growing in the previous few eras; however, the competitive positions of
technology users need to be strengthened. Sivakumar et al. (2020a,b). The potential of technologies in
Indian industries is enormous and an intensive study in creating knowledge on technologies theatres an
energetic role fashionable today's business. Lim et al. (2013), Luthra et al. (2018), and Lee and Lee
(2015) Hence in today's competitive scenario, customer service needs to be better utilized by the
logistics service providers thereby providing better value to customers and improving the
warehousing services through IoT technology in the logistics industries and logistics service

providers.
3. Research Questions

i.  How far are applications of [oT Technology used by the warehouse sector?
ii.  What are the technologies used in the WMS

iii.  How to describe the development services in the granary organization system.
4. Purpose of the Study

The Internet of Things can produce massive quantities of data and analyze the intricate
interconnectivity of the transactions represented in that data Ruthramathi and Sivakumar (2022) using a
variety of mathematical analysis techniques is a notion of systems industrialized by relating a big quantity
of smart devices into a network. Trab et al. (2018) IoT-enabled systems production a decisive role in
revolutionizing warehousing operations and enhancing automation. They effectively optimize inventory
management processes and effectively cut down on operational expenses. Sivakumar et al. (2020a) by
leveraging IoT, warehouses gain the ability to monitor and track every single component within their
facility. Jagatheesaperumal et al. (2021) The premises are monitored by interconnected sensors that track
the location of every asset. Through the use of connected sensors, each asset within the premises is
continuously tracked. Raja and Venkatachalam (2022) Tracking of assets across the premises is made
possible by a net of consistent devices. Interconnected sensors enable the tracking of each asset
throughout the premises. The facilities are furnished with interconnected sensors that enable the
monitoring of every asset. Ruthramathi et al. (2022) Smart shelves installed in warehouses can spread
real-time record data and alert warehouse managers about various issues such as low stock levels,

misplaced items, unfavorable temperatures, theft, and more Van Geest et al. (2021).
5. Research Methods

Research Design: Descriptive research & Explorative research

Sources of Data Collection:

Primary data:

From the survey using a structured questionnaire and interview schedule.

Secondary data:
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Articles, and news from journals, books, magazines, and Web sites.
Sampling and Population:
The study area employed stratified random sampling methodology. The population of Chennai

was 281 and the Coimbatore region was 376 and the total population is 657.
5.1. Questionnaire development and Statistical Tools

In December 2022, a survey was suggested that comprised of 13 questions. The survey
encompassed various aspects, starting with the demographic profile of service providers, followed by the
utilization of technology by these providers. Additionally, it aimed to identify the challenges encountered
by transporters when utilizing technology, and lastly, the advantages of employing digital technology. A
successful combination of both digital and physical methods was used to conduct the survey. The study

area employed fundamental descriptive and inferential analysis tools to analyze the collected data.
5.2. Justification for the sampling

Stratified sampling is a sample technique that allows researchers to obtain a sample population that
is representative of the entire population under study. In this sampling technique, we utilized offline as
well as online techniques to administer the poll. When stratified random sampling is used, the population
is divided into different and standardized groups called strata. Therefore, the questionnaires have different
subgroups like gender, age, and Designation like that. The first justification is that data from the entire
657 population. The collected sampling size is 381, From the formula Sample proportion, p = 0.05,
Confidence level, Z = 1.96. The margin of error, e = 0.05, N- Total Population, in this formula finds out

the sampling size is 381.
6. Findings

6.1. Applications in the Logistics Sector

300
252 262
250
192
200 168
150 119
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0
Location and Inventory CBM and [oT and Drone-Based
Route Tracking and Breakdown Blockchain for Delivery
Management Warehousing Prevention Digital BOL

Figure 2. Application used in the [oT in the logistics sector
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Figure 2 designates the strongly agree of Location and Route Management (192), Inventory
Tracking and Warehousing (252), CBM and Breakdown Prevention (262), IoT and Blockchain for Digital

BOL (119), and Drone-Based Delivery (168).

6.2. Percentage Analysis

Table 1. Profile of the Accused

S.No  Variable Classifications of the Variable = Frequency Percentage
1 Gender Male 205 53.8
Female 176 46.2
2 Age 19-29 50 13.1
30-39 74 19.4
40-59 125 32.8
above 60 132 34.6
3 Qualification Diploma 109 28.6
UG 114 29.9
PG 158 41.5
4 Year of Experience <5 yrs 83 21.8
6-10 yrs 192 50.4
11-15 yrs 106 27.8
5 Designation Manager 100 26.2
Assistant Manager 212 55.6
Senior manager 66 17.3
Executive 3 .8
6 Employees are working at your Below 10 employees 92 24.1
organization 11-25 employees 220 57.7
26-50 employees 66 17.3
Above 101 employees 3 .8
7 Marital Status Signal 205 53.8
Married 176 46.2
8 Monthly salary Less than 10,000 77 20.2
10,001 - 25,000 57 15.0
25,000 - 50,000 136 35.7
50,001 - 1,00,000 65 17.1
More than 1,00,000 46 12.1

Male category was highest percentage. Master degrees are high in number. Table 1 denotes the

outline of the defendants.
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6.3. Chi-Square

Table 2. Types of Warehouses and the Demographic Profile of the Respondents

Category Pearson Chi-Square/ df Asymptotic Significance Accepted /
Value (2-sided) Rejected
Gender 381.000° 1 .000 Accepted
Age 46.268" 3 .000 Accepted
Qualification 74.642° 2 .000 Accepted
Year of Experience 6.450° 2 .040 Accepted
Designation 5.555% 3 135 Rejected
Employees are working at your ~ 8.246° 3 .041 Accepted
organization
Marital Status 381.000° 1 .000 Accepted
Monthly salary 5.253° 4 262 Rejected

The critical values within the table 2 are often compared to the test statistic of a Chi-Square test. If
the test measurement is superior than the perilous value found in the table, discard the null premise of the

Chi-Square test and conclude that the results of the test are statistically important.

6.4. ANOVA

Table 3. Difference between the Types of Warehouses and the Warehouse Technologies in the Logistics

Sector
ANOVA
Warehouse Technologies in the Logistics Sector Sum of df MS F Sig.
Squares

Automated Picking Tools Between Groups  6.319 1 6.319  3.909 .049
Within Groups 612.678 379 1.617
Total 618.997 380

Automatic Guided Vehicles (AGVs) Between Groups ~ 7.923 1 7.923 4771  .030
Within Groups 629.405 379  1.661
Total 637.328 380

Automated Inventory Control Platforms Between Groups ~ 8.080 1 8.080 4.572 .033
Within Groups 669.810 379  1.767
Total 677.890 380

Internet of Things (IoT) Implementation Between Groups ~ 8.537 1 8.537 4905 .027
Within Groups 659.668 379 1.741
Total 668.205 380

Collaborative Robots (Cobots) Between Groups  4.321 1 4321 2722 .100
Within Groups 601.585 379  1.587
Total 605.906 380

Systems for Intelligent Storage and Retrieval Between Groups  4.876 1 4.876 2.810 .095

(AS/RS) Within Groups ~ 657.691 379  1.735
Total 662.567 380

Above table 3 embodies the Types of Warehouses and the Warehouse Technologies in the

Logistics Sector. Various factors are Automated Picking Tools, Automatic Guided Vehicles (AGVs),
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Automated Inventory Control Platforms, Internet of Things (IoT) Implementation, Collaborative Robots
(Cobots), and Systems for Intelligent Storage and Retrieval. Only two factors do not sign the proposition.

The P-value is less than the implication value of 0.05.

6.5. Correlations

Table 4. Correlate the Types of Warehouses and the Forthcoming of the Smart Warehouse in Logistics

Correlations
Future of the Smart Warehouse Video Product Eco-friendly Linked supply Type of

surveillance  quality smart chain and warehouse

and real-time management warehouses improved

alerts connectivity
Video PC 1
surveillance and ~ Sig, (2-tailed)
real-time alerts 381
Product quality PC 342" 1
management Sig. (2-tailed) .000

N 381 381
Eco-friendly PC 624" 5217 1
smart Sig. (2-tailed) .000 .000
warehouses N 381 381 381
Linked supply ~ PC 1107 450”7 2157 1
chain and Sig. (2-tailed) .032 .000 .000
improved N 381 381 381 381
connectivity
Type of PC 179" 115" -.083 -.003 1
warehouse Sig. (2-tailed) .000 .024 .106 947
N 381 381 381 381 381

PC- Pearson Correlation
Table 4 nominates the Numerous factors are Video surveillance and real-time alerts, Product
quality management, Eco-friendly smart warehouses, linked supply chain, improved connectivity, and the

types of warehouses.

6.6. Factor Analysis

Table 5. 10T Development Services in Warehouse Management
KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .640
Bartlett's Test of Sphericity Approx. Chi-Square 3758.657
df 66
Sig. .000

Factor analysis can be carried out because Table 5's KMO value of 0.640 indicates that the

variable's notch of common discrepancy is rather high.
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Table 6. Factor Analysis for IOT Development (Communalities)

Communalities
Initial Extraction
Drones 1.000 959
Blockchain item tracking 1.000 707
Vision picking 1.000 .860
Automated tasking 1.000 .865
Precise location monitoring 1.000 745
Enhanced inventory tracking 1.000 496
Preventive equipment maintenance 1.000 .687
Remote operation of machinery/appliances 1.000 147
Environmental monitoring 1.000 957
Optimization of energy consumption 1.000 .613
Hands-off inventory management 1.000 .834
Remote health monitoring 1.000 .857

Communalities indicates table 6, Explicates the variance of the 12 variables ranging from .496 to
.959. It shows that the 12 variables exhibit a considerable variance from 50 percent to 95 percent. Hence
it is finalized that these entire 12 variables are capable of segmenting themselves with respect to the

factors affecting the development of technology.

Table 7. Factor Analysis for IOT Development (Total Variance Explained)

Total Variance Explained

Component Initial Eigenvalues Extraction Sums of Squared  Rotation Sums of Squared
Loadings Loadings
Total % of Cumulative Total % of Cumulative Total % of Cumulative
Variance % Variance % Variance %
1 4.760 39.669 39.669 4.760 39.669 39.669 3.200 26.665 26.665
2 2.099 17.490 57.159 2.099 17.490 57.159 2.548 21.232 47.897
3 1.450 12.086 69.245 1.450 12.086 69.245 2.003 16.692 64.589
4 1.017 8.478 77.723 1.017 8.478 77.723 1.576 13.134 77.723

Based on the finding of more than one eigenvalue, there have been four unique elements that
recognized. These factors condense the twelve variables into four primary factors, each exhibiting
variance of 26.665, 21.232, 16.692, and 13.134 respectively. To meet the requirement, the total sum of
squared loading after rotation must exceed 50 percent. Furthermore, the total variance of the twelve
variables is determined to be 77.723 percent, surpassing the benchmark value of 77 percent. This
reaffirms the importance of the factor segment, as highlighted in table 7.

IoT development- Rotated Compound Matrix

The cumulative percentage of variance, which is 77.723, is indicated by the rotated sum of the
square value. This highlights the significance of utilizing the rotated component matrix in IoT

development, as factorization proves to be more suitable for the associated costs.
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Table 8. Factor Analysis for IOT Development (Rotated Component Matrix)
Switched Component Matrix”

Component

1 st 2nd 3rd 4th
Vision picking .884
Hands-off inventory management .858
Precise location monitoring .807
Enhanced inventory tracking .626
Automated tasking .894
Remote health monitoring 878
Blockchain item tracking .629
Optimization of energy consumption 570
Drones 977
Environmental monitoring 971
Remote operation of machinery/appliances .859
Preventive equipment maintenance 812

Table 8 displays the factor loadings for the four factors extracted via factor analysis. The initial
factor comprises four sub-factors Vision picking, Hands-off inventory management, Precise location
monitoring, and Enhanced inventory tracking. The first factor is named “Inventory Tracking”. The second
factor contains four subfactors; Automated tasking, Remote health monitoring, Blockchain item tracking,
and Optimization of energy consumption. Hence, it is named “Item Tracking”. The third factor contains
another two factors Drone, Environmental monitoring, Hence the factor is named “Monitoring”. Finally,
the four factors contain another two factors Remote operation of machinery/appliances and preventive
equipment maintenance. Hence the factor is named “Remote operating”. It is therefore concluded that IoT

development gives much importance to twelve variables.

7. Conclusion

To assist rapidity up the storehouse, supervision, and distribution of force, storage is counting
further on IoT- enabled bias including wearables, smart spectacles, and stoked reality (AR) technology
Jiang et al. (2015). Robotic and artificial intelligence consequences are too existence second-hand in
storehouse and logistics operations along with storehouse workers to ameliorate performance and reduce
crimes. Tsang et al. (2018) IoT bias is fleetly getting a cost-effective and effective result for force
operation. A large quantum of real-time data from IoT bias can help associations identify openings to
ameliorate overall logistics, force, and force chain operations TradeGecko (2017). The emergence of
technology in the logistics industry is currently happening at an unprecedented pace. Through the
utilization of IoT, businesses can leverage the combined outcomes to analyze data and generate valuable
insights, thereby enhancing the efficiency and swiftness of goods transportation. Raja and Venkatachalam
(2022, 2023) IoT implementation in logistics is a foundational element, augmenting its fundamental
components Nizeti¢ et al. (2020). The global demand for logistics services is already experiencing
significant growth, and with the integration of innovative mobile technologies, companies can accomplish

source hawser processes and distribution systems.
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