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Abstract: International business operations cannot be 

complete without considering global trade compliance 

to maintain quality, such as legal and regulatory 

standards for goods and services of different countries. 

Product classification is one of the important elements 

of global trade compliance – the classification of goods 

according to systems based around the world (such as 

the Harmonized System (HS) code). The classification of 

the product is used to determine the tariffs, duties, and 

legal compliances; hence, businesses have to ensure no 

such penalties, delays, or shipment issues. The 

traditional product classification was done manually 

using systems that were highly prone to human error, 

inefficiency, and inconsistencies. However, automation 

in general, especially with artificial intelligence (AI) and 

machine learning (ML), has transformed the process. 

Large datasets and algorithms are used in automated 

product classification systems, which help in faster, 

more accurate, and consistent results, thus minimizing 

the risk of errors. These systems can link to other tools 

for trade compliance, creating a smooth and effective 

means of global trade. However, businesses struggle to 

implement automation in trade compliance due to 

overcoming technical complexities, resistance to 

change, the need for specialized training, and factoring 

them into medium to scaling automation with business 

growth. These challenges must be overcome with 

rigorous data governance, continuous employee 

training, and integrated systems. Though businesses 

must continue to adapt to new procedures in today’s 

globalized world and growing numbers of regulations, 

automation is here to stay as it continues to evolve, 

promising to ensure global trade compliance and giving 

businesses the ability to stay competitive in an 
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increasingly complicated global market. 

 

Keywords: Automation, Trade Compliance, Product 

Classification, AI and Machine Learning, Global 

Regulations, System Integration. 

 

Introduction: Global trade compliance concerns the 

various regulations, laws, or standards by governmental 

bodies or international organizations regarding which 

cross-border trade is to be controlled. They are among 

the regulations that make the movement of goods and 

services between countries legal, ethical, and efficient. 

Therefore, global trade compliance encompasses 

import/export documentation, tariff and customs duty, 

classification of goods, and sanctioned and export 

control laws. It covers both local and international 

frameworks so that the trade operations comply with 

local regulations, as well as in compliance with the 

requirements of organizations ranging from the World 

Trade Organization (WTO), the European Union (EU), 

and the North American Free Trade Agreement 

(NAFTA). They must comply with these trade laws to 

reduce the risk of being penalized, fined, losing 

shipment times, and being excluded from all future 

trade activities. 

Global trade compliance cannot be done without 
product classification. This is from assigning the goods 
to certain groups based on known internationally 
accepted systems like the Harmonized System (HS) 
code, which enables identifying the product on crossing 
borders. Proper product classification is imperative in 
determining what tariffs, taxes, and duties on imports 
and exports are to be applied for, and it is necessary to 
ensure that the goods fulfill the standards and 
regulations different countries have. Severe 
consequences of misclassification include penalties, 
shipment delays, and confiscation of goods. Wrong 
classification can also result in wrong compliance with 
export controls or trade sanctions and, as such, may 
deprive a company of effectively participating in global 
trade. Product classification is a regulatory necessity 
and a critical business function whose product 
classification, circumstantially, determines product 
cost structure, efficiency, and legal context in 
international transactions. 

Classifying products and trade compliance issues will 
require automation as one of the tools to tackle them. 
Global trade regulations were complex and variable, 
thus prone to human error, delays, and inconsistencies, 

and they relied on manual classification systems. 
Machine learning has been radically groundbreaking in 
this field thanks to AI. The automated product 
classification system uses large datasets, algorithms, 
and pattern recognition techniques, providing 
accuracy, consistency, and timely classification of 
goods. This allows these systems to rapidly analyze 
product characteristics and compare them against 
recently updated regulatory databases to assign proper 
codes to reduce the possibility of errors. Additionally, 
automation of the compliance process allows 
businesses to process large volumes of shipments in 
real-time. Additionally, it helps combine with other 
trade compliance software, like customs arrangement 
application and import/export administration stage, to 
simplify operational productivity. 

This study focuses on macroscopic global trade 
compliance, specifically product classification, in this 
context. Companies today find that in this age, they 
need efficient, accurate, and automated systems 
because they do more complicated global trade. In this 
dissertation, we will discuss the challenges businesses 
pose regarding global trade regulations and how 
automation can address these in the first place. It will 
study the innovation of automated product 
classification technology, especially AI-enabled 
technology. It will also measure the impact these things 
have on reducing errors in compliance, accelerating 
compliance, and increasing compliance and operational 
efficiency. This study will also examine real entities 
that, motivated by automation application to the global 
trade process, succeeded in applying automation 
technologies to their process of global trade. It will 
deposit the lessons learned and the best practices of 
automation implementation. 

It is to provide a full analysis of the relationship 
between global trade compliance and automation. The 
most important part of the first section is to define the 
important concepts and explain why product 
classification is so important in global trade 
compliance. After this, the study will examine the 
traditional methods of classifying products and their 
shortcomings, particularly manual systems. The 
following part will explore how technology, in this case, 
AI and machine learning, can help enhance the 
classification process. The subsequent part of the study 
then investigates the practical application of 
automated systems, proposing the best practices for 
businesses to follow and illustrating the examples of 
those companies that have already mastered the 
transition to automation. The final sections will 
examine future trends in trade compliance automation, 
the implications the automated system may have from 
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a legal perspective, and the possible challenges a 
company may face when embracing these technologies 
(Estlund, 2018). The summary of the results will 
conclude and make recommendations to businesses 
that seek global trade compliance automation. 

 

The Need for Global Trade Compliance 

International business compliance with global trade is 
an important area where international businesses rest 
(Knudsen & Moon, 2017). Businesses involved in the 
cross-border movement of products must understand 
and follow global trade regulations. These regulations 
ensure the integrity of international trade, 
transparency, security, and fairness and were complied 
with. 

 
Figure 1: Maximizing the Benefits of International Trade 

 

Understanding Global Trade Regulations 

It means the set of laws, rules, and international 
agreements on international trade between the world's 
countries. Certain governmental and international 
bodies develop these regulations to regulate product 
flow, safety, and intellectual property. National 
governments, the World Trade Organization (WTO), 
and the European Union (EU) are some of the most 
notable regulatory bodies. These regulations prevent 
illegal activities, including trafficking, money 
laundering, and counterfeiting, while upholding good 
business management practices. 

A global regulatory body is another thing that is going 
on. As we all know, there are also individual countries' 
regulations for import and export, including rivers of 
customs, tariffs, and import or export restrictions 

(Capela, 2015). As such, importers and exporters must 
acquaint themselves with these laws if they do not wish 
to encounter legal issues. Compliance entails that each 
product is classified properly, taxed, and, if applicable, 
charged with duties and that all required packaging 
documentation and certificates are available. Trade 
compliance also includes knowing and complying with 
international standards, including quality products, 
environmental impact, and labor practices. The illegal 
operation of a trade business without an understanding 
of global trade regulations greatly increases the risk of 
encountering legal penalties, financial losses, and 
damage to brand reputation. As global trade becomes 
increasingly complex, it is of high importance for 
companies to know what regulations are changing in 
the process at any given time and adapt their practice 
accordingly (Fiksel & Fiksel, 2015). 

 
Table 1: Key Global Trade Compliance Regulations 

 

Regulatory Body Regulation/Agreement Scope of Compliance 

WTO General Agreement on Tariffs and Trade (GATT) Global Trade Rules 

EU EU Customs Code EU Member States 

USMCA United States-Mexico-Canada Agreement US, Mexico, Canada 

 
Consequences of Noncompliance 
Noncompliance with global trade regulations can have 

serious consequences. Finances are the typical result of 
these consequences. They often include financial 
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penalties such as fines and extra duties, which can 
quickly add up and cause financial stress for businesses. 
This may also lead to the goods being seized at the 
border, so they could either be confiscated, delayed, or 
returned to their country of origin. Loss of goods is not 
the only problem that results; the loss of relationships 
with suppliers, customers, and distributors can also be 
damaged. 
Depending on the seriousness of the violation, the 
company can sometimes get more severe penalties, 
such as charges under criminal laws against company 
employees and executives. For instance, illicitly selling 
of visible technologies or breaching sanctions leads to 
civil and criminal culpability. In addition, failing to 
comply with the trade regulations can result in a 

business being barred from participating in certain 
markets and even restricted in the future when it 
comes to trading. These consequences have far-
reaching consequences on the long-term impact, a 
company's reputation and global competitiveness. 
However, operational change can ensue, as well. This 
means that the time delays of customs clearance or the 
need for re-exportation can create immense supply 
chain interruptions, enforcing production timelines and 
escalating costs. This can lead to a loss of customer 
trust and a decrease in sales. As a result, ensuring 
compliance is essential for the effective functioning of 
any business, stability of the business's finances, and 
trust in the business with its stakeholders (Akisik & Gal, 
2017).

 
Table 2: Consequences of Noncompliance in Global Trade 

 

Type of Consequence Description Example 

Financial Penalties Fines, extra duties $100,000 fine for misclassification 

Goods Seizure Customs confiscation or delays Delay of 2 weeks at port 

Criminal Penalties Charges against employees or executives Breach of sanctions leading to prosecution 

 
Overview of Global Trade Agreements 
Understanding international trade compliance is very 
important since global trade agreements shape 
international trade compliance (Kohl et al., 2016). 
These agreements establish a pattern in how countries 
relate to one another when a country sells something it 
has made to another country. Some of the major 
international trade agreements include the World 
Trade Organization (WTO) agreements, the North 
American Free Trade Agreement (NAFTA), which has 
now been replaced by the United States Mexico Canada 
Agreement (USMCA), and those trade regulations 
found within the European Union (EU). The WTO is an 
international body that settles world trade rules and 
seeks to allow trade flow as smoothly and predictably 
as possible. The WTO has established rules of 
international trade, and if any member feels their trade 
has been damaged, then the WTO disputes are used to 
solve those trade disputes. As with WTO agreements, 
many areas were covered, including tariffs, dispute 
resolution, customs procedures, and trade-related Intel 
trade-related rights. All businesses that want to 
participate in global trade must comply with these 
regulations because violating such regulations can 
cause businesses to be against traded goods or even 
sanctions by the member countries. 
NAFTA/USMCA is a trade agreement between the 
United States, Canada, and Mexico that was renewed 
as USMCA and finalized in 2020. Third-country trade 
barriers will be reduced, economic cooperation will be 

promoted, and investments among the three will be 
encouraged. As an agreement between the 
governments of North America, businesses that are in 
business to trade within North America must follow the 
rules and regulations of the agreement, which include 
particulars for product origin, customs procedures, and 
the means of dispute resolution for all parties. 
Harmonized regulations and as it operates as a single 
market, trade is simplified among the members of the 
European Union. Free trade is the ultimate objective of 
EU trade agreements, which ensures free trade within 
the region and other parts of the world. EU trade 
regulations are very important for the businesses 
operating in the EU – if there is noncompliance with 
them, the generality of the movement on the border is 
complicated. The regulations covered in this include 
product compliance standards, environmental laws, 
safety certifying requirements, and customs 
procedures regulations. International business 
operations need to comply with global trade. To allow 
smooth and unhindered business transactions within 
global trade, businesses must understand the 
regulatory frameworks and trade agreements to which 
they are bound and sell. Noncompliance can have very 
significant consequences, from the impact on 
operational efficiency to the impact on company 
reputation. Consequently, it's important for businesses 
to keep abreast of the changing global trade 
environment (Ferraro & Brody, 2015).  
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Figure 2: International Trade Agreements 

 
What is Product Classification? 
Product classification specifies which category a good 
belongs in based on its attributes, including its intended 
use or as per any criteria put forth by the regulatory 
authority (Arora & Baldi, 2015). It also has an important 
role in ensuring compliance with global trade 
regulations and standards. Accurate classification will 

also allow companies to adhere to international rules, 
minimize the risk of penalty, and optimize their global 
supply chain operations. Product classification is key in 
the international trade processes of establishing tariffs, 
trade, and other restrictions and applying different 
regulations.

 

 
Figure 3: different Types of Product Classifications 

 
The Role of Product Classification in Compliance 
Product classification plays the biggest role in 
compliance simply by ensuring goods are correctly 
categorized by the World Trade Organisation (WTO) or 
other regional trade agreements and their rules 
(Mukherjee & Kapoor, 2018). Accurate product 
classification is essential for businesses to identify the 
most applicable tariff classifications and product duties. 
It prevents misclassification, leading to penalties, fines, 
or shipment delays. 
Product classification also helps in adhering to export 
control laws. Different countries have specific 
requirements for exporting sensitive products such as 

technology, military goods, and chemicals. The ability 
to correctly classify products enables the business to 
avoid violating these laws and comply with the 
requisite international and domestic regulations. In 
addition, product classification helps in risk 
management so that a business only works with 
products considered free from any restrictions or 
sanctions. Take, for example, a sanction or embargo on 
the import of certain goods, in particular defense, 
nuclear, and dual-use items. Through this manner of 
classifying, companies can reduce the risk of 
unintentionally violating trade laws or engaging in illicit 
trade practices.
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Figure 4: Key Factors to Achieve Customs Compliance 

 
3.2 Common Classification Systems 
Worldwide, many classification systems are used to 
classify products into trade. These include the 
Harmonized System (HS Code), Schedule B, and the 
North American Product Classification System (NAPCS). 
• Harmonized System (HS Code): Among all 
classification systems of goods in international trade, 
the most used is the HS Code, which was created by the 
World Customs Organization (WCO). Classifying the 
products is a six-digit code depending on their nature 
and composition. Bills will periodically have new 
products and trade dynamics updated in the system. 
For example, an HS Code could identify an electronic 
component or an agricultural product that will allow 
the customs authorities to apply applicable tariffs and 
trade rules properly. 
• Schedule B: It uses the Schedule B classification 
system for export purposes in the United States. It is a 

10-digit code system that further links HS Code for the 
classification of U.S. exports. The U.S. Census Bureau 
publishes the Schedule B codes that are used for 
compliance with export documentation and reporting 
requirements (Chatelus & Heine, 2016). 
• North American Product Classification System 
(NAPCS): In North America, goods are classified using 
NAPCS to support trade and economic analysis. The 
U.S. system used by the U.S., Canada, and Mexico is a 
structure within the order of North American trade 
agreements, such as the USMCA (United States–
Mexico–Canada Agreement). NAPCS contributes to the 
identification of trends in trade flows and helps in 
economic forecasting. 
With these systems in use, countries and businesses 
can standardize their approaches to classify their 
product, and it becomes easier to apply tariffs, quotas, 
and other trade-related regulations.  

 
Table 3: Common Product Classification Systems 

 

Classification System Description Examples of Use 

HS Code Six-digit international standard Electronics, Agriculture 

Schedule B 10-digit code system for U.S. exports Used by U.S. businesses 

NAPCS North American classification for trade Used in USMCA framework 

Challenges in Product Classification 
Although product classification is important, it has 
several challenges to overcome by businesses for 
better compliance and error-free running. The 
classification systems are also among the most complex 
parts of the process. However, due to the different 
types of food products regulated by governments in 
different countries, there may be slight variations in the 
codes used to classify these products, thus leading to 
differences between the tariff rates, import controls, 
and export controls. For example, the same product 
may be in a different HS Code in the European Union 
and different in the U.S. It creates confusion and delays 

shipments. In some cases, incorrect tariffs are imposed. 
The dynamic characteristic of global trade is another 
very important issue. Constantly, new products 
emerge, and the old products change, so they get 
modified, which also needs constant updates of the 
classifying systems. To avoid errors, companies 
eventually need to stay current with these changes. 
Furthermore, businesses stretching over several 
regions must assimilate the distinctions in trade 
regulations and product typifications across nations. 
Such rules can create complications because different 
rules a company needs to follow can vary with the 
market it is working on. 



The American Journal of Management and Economics Innovations 140 https://www.theamericanjournals.com/index.php/tajmei 

The American Journal of Management and Economics Innovations 
 

 

The other significant challenge in product classification 
is human error. Manually classified systems still exist, 
but since so many products have to be categorized, 
they are vulnerable to errors. Misclassification can 
occur in several ways, such as misunderstandings of 
product specifications and regulatory rules. Such errors 
can lead to incorrect tariffs, penalties, or legal 
consequences. The challenge of product classification is 
also the rapid advancement of technology. New 
technologies, materials, products, and sometimes new 
methods are being developed on a daily basis, and 
traditional classification methods may run out of steam 
trying to keep up with innovation. This makes 
companies provide constant updates in the application 
of knowledge of classification, and their systems should 
adapt to new products (Collins & Halverson, 2018). 
The product information or specifications may not be 
precise, and businesses may be unable to classify 
products properly. For example, the classification may 
be complicated if manufacturers do not provide 
enough detail about a product’s composition, use, or 
function. As a result, it may cause delays in customs 
processing and a risk of non-compliance. Even after 

product classification, businesses face many challenges 
to comply with global trade compliance, which is 
essential to avoid regulatory falling off. These 
companies are at risk for these implications due to 
implementing the robust classification process, 
controlling the company by changing rules for 
requirements of certain levels of compliance, and using 
automation tools to minimize human error to improve 
accuracy. 
 
Traditional Methods of Product Classification 
Product classification is a key part of a global trade 
compliance responsibility, identifying and categorizing 
products in a particular manner based on regulatory 
standards. Traditionally, product classification involved 
manual usage systems to classify goods using various 
coding systems, which required human involvement. 
These methods have been known to offer steady 
service to the industry for many years. However, these 
methods are not without challenges, which can result 
in inaccurate, inefficient, and noncompliant results. 
 

 
 

Figure 5: Product classification 
 

Manual Classification Systems 
Global trade compliance has been dependent on 
manual classification systems for decades. Human 
expertise is also required to classify products based on 
a pre-determined system of rules and standards for 
putting them into a classification code. This is the 
system most in use: the Harmonized System (HS) Code, 
where the goods are classified into the Top 21 sections, 
followed by chapters, headings, and subheadings. 
That’s why something similar to Schedule B is used in 
other regions, and it’s exclusively for export 
classification in the US. 
Typically, in manual classification, experts inside an 

organization or within a compliance team would look 
through different kinds of documentation, such as 
product descriptions, technical specs, and legal trade 
rules. Once they determined the classification code by 
how they interpreted the materials and what an 
accepted view concerning global trade standards was, 
they would give the materials the correct classification. 
As this is a very specialized method of classifying 
products, it usually takes several individuals with 
extremely high knowledge of trade regulations, 
product characteristics, and classification systems to 
complete this in an acceptable timeframe. 
While used broadly, manual classification systems have 



The American Journal of Management and Economics Innovations 141 https://www.theamericanjournals.com/index.php/tajmei 

The American Journal of Management and Economics Innovations 
 

 

problems that affect their overall efficiency and 
accuracy. These systems have been quite effective in 
assuring compliance; however, global trade has 
become more complex, the product portfolio has 
grown, and these systems have become increasingly 
hard to maintain. Moreover, manual classification 
methods are difficult to keep in compliance with 
current trade regulations as the rules and standards 
evolve and become more sophisticated (Solihin & 
Eastman, 2015). 
 
Challenges of Manual Classification 
The manual classification is one of the most serious 
problems, and it is prone to human error. The 
classification process depends on a person’s judgment 
and interpretation, so the chance of mistakes is high, 
which leads to wrong product categorization. The 
product description is ambiguous, and they cannot 
even sidestep the complicated regulatory framework, 
even the most experienced professionals. Classification 
of small errors can have a significant effect, for 
example, incorrect assessment of the tariff, delayed 
shipments, and nonconformity of international trade 
laws. 
The emerging global trade regulations and treaties are 

also difficult to accommodate by manual systems. 
Manual classification processes can get seriously out of 
date, especially if regulatory updates are complex, and 
failure to incorporate the latest changes into this can 
have disastrous consequences. An example is that 
changes in tariffs, product safety regulations, or even 
environmental standards might need calibration or 
updating of the manual systems, which can be a tedious 
and error-prone process (Ben-Larbi et al., 2021). 
Manual classification is another big headache of 
manual classification as it consumes lots of time and 
resources to complete the process. As products are 
traded on a larger and more complex scale, it has taken 
significantly longer to classify items manually. Product 
specifications must be reviewed by staff members, who 
must then consult classification databases to check 
their work and dedicate much time to doing so before 
accuracy is achieved. Consequently, this automatically 
leads to operational bottlenecks in which human 
classification delays the shipment of goods, bottlenecks 
appear, backlogs form, and business in general. This 
may result in delays in meeting deadlines for these 
companies and disrupt supply chains, consequently 
affecting gross productivity.

 

 
 

Figure 6: Methodologies for data collection and analysis for monitoring and evaluation. 

 
Limitations of Human Error 
The existence of inherent limitations in human error in 
manual classification systems cannot be over-
emphasized. Mistakes are human for many reasons like 
tiredness, stress, distraction, or the lack of something. 
Taking product classification as the application in 
question, these errors can be trivial. However, 
sometimes they might also seriously destroy the 
business through trade regulations intrusion or even 
generating penal or financial penalties. 
The problem is worst in human error in industries such 
as products with complex and highly technical 

specifications. For instance, in the electronics or 
chemical industries, even the smallest difference in the 
reading of technical data or admissible parameters may 
result in a wrong classification. A wrong classification 
can lead to the payment of wrong duty rates, fines, and 
delays in customs clearance, all of which can be 
financial penalization and disturb the supply chain 
(Bansal, 2020). 
Manual classification systems that involve several 
individuals lack consistency. However, different 
employees may differ slightly in what they interpret as 
a product description or trade regulation, which causes 
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discrepancies in the classification codes. This lack of 
standardization becomes further complicated, 
especially in big organizations with international 
operations. A product classed one way in one office 
may be classified differently in another, causing 
confusion and the possibility of a compliance violation 
(Song et al., 2019). 
 
Time and Resource Consumption 
A major drawback is the time and resource 
consumption required for manual product 
classification. Since global trade is growing as 
businesses broaden their product offerings, the 
number of items required to be classified has increased 
significantly. Manual product classification requires an 
increasing workforce. This means that in many 
organizations, classification tasks require dedicated 
teams, and usually, these specialized teams are 
diverted away from other crucial operations, 
consuming valuable human resources. 
This is an inherently slow way of a manual classification 
process, which could also delay the movement of goods 
across borders. This becomes extremely problematic 
for industries with very large volumes of goods going in 
and out. Incorrect classification of products results in 
long customs clearance delays, which results in goods 
being held at ports or airports for extended periods. It 
can disrupt the supply chain, delay delivery, and 

dissatisfy customers. Furthermore, the manual systems 
demand the organization’s resources in the storage and 
occasional accessibility of historical data on product 
classification for future audits. As businesses grow and 
increase the scope of their products and operations, 
maintaining a manual classification system is no longer 
possible. The longer and more labor-intensive this 
process is, the more catalog entries must be made to 
ensure each entry meets the latest standards and 
regulations (Keilty, 2018). Manual classification is an 
obstacle for businesses that aim to level up their 
operations and reap operational excellence. 
While effective in their time, traditional methods of 
product classification present numerous challenges in 
today’s complex and fast-paced global trade 
environment. Businesses rely on manual systems, 
exposing them to human error, including inconsistent 
classification and resource-intensive processes. The 
problems raised by these issues demonstrate the need 
for more sophisticated, automated solutions for 
automation, the reduction of errors and the 
enhancement of general compliance in international 
trade. Businesses will have to hurry up then to get 
through the increasingly complicated world of 
international trade, as it will become ever clearer that 
the limitations in the manual classification system will 
become increasingly painful. 

 
Table 4: Challenges and Impacts of Manual Product Classification 

 

Challenge Description Impact on Operations 

Resource Consumption 
Manual classification requires dedicated teams to 

manage increasing volumes of products. 

Diverts resources from other operations, 

increasing costs and reducing efficiency. 

Slow Classification 

Process 

The manual process is inherently slow and can 

lead to delays in the movement of goods. 

Results in long customs clearance delays and 

potential disruption to supply chains. 

Human Error 
Manual systems are prone to inconsistencies and 

mistakes in classification. 

Inaccurate product classification, leading to 

penalties, fines, and shipment delays. 

Increased Workforce 

Requirements 

Growing product portfolios require larger teams 

for classification tasks. 

Higher labor costs and resource strain as 

businesses scale. 

Data Storage and 

Accessibility 

Manual systems require significant resources for 

maintaining and accessing historical data. 

Increased costs for storage and potential 

difficulties in accessing past data for audits. 

Obsolescence and 

Inflexibility 

As trade regulations change, manual systems 

become outdated quickly. 

Non-compliance risks and inefficiencies as 

businesses struggle to adapt to new standards. 

The Role of Technology in Product Classification 
Integration of technology in product classification has 
made the landscape of global trade compliance shift 
from paradigm (Liu & Lin, 2020). Due to its complex and 
dynamic nature, international trade involves regulation 
and, therefore, requires proper and efficient 
classification systems that help us comply with global 

regulations. Nowadays, advanced technologies, mainly 
artificial intelligence (AI), machine learning (ML), and 
automation tools, are replacing the traditional method, 
most involving manual labor and human input. These 
innovations also greatly simplify the classification 
process, increasing compliance efforts' accuracy and 
efficiency in different industries.
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Figure 7: The Role of Technology in International Diffusion - Global diffusion 

 

AI and Machine Learning for Classification 
Regardless, AI and Machine Learning (ML) have 
emerged as two of the most advanced science classes 
regarding product classification (Cioffi et al., 2020). AI 
simulates human intelligence; thus, systems can 
leverage the ability to process large datasets, recognize 
patterns, and make wise decisions using the processed 
data. AI in product classification can automatically 
assign a product its code by matching the description 
and specification of the product with appropriate code 
like Harmonized System code (HS) or Schedule B. 
AI (Artificial Intelligence) is a subset of machine learning 
that makes machines smarter by letting them perform 
better tasks after better-based learning from historical 
data. ML algorithms can be trained to predict the 
correct classification for new products with increasing 
accuracy by training on many product descriptions and 
corresponding classification codes. As more data is fed 
into the system, the classification model becomes more 
robust because it decreases the risk of errors and 
inconsistencies over time. This eliminates the need for 
human intervention by reducing the effort spent on it, 
which also reduces human error and makes the 
classification process faster and more accurate. 
 
Automation Tools and Software 
The use of automation tools and software has changed 
the way of working on global trade compliance, 

especially in product classification, which is the most 
commonly used solution for a business in global trade 
compliance today. Automation automates away much 
of the labor involved in classifying products, frees up 
time for employees to do other things, especially 
administrative ones, and minimizes human 
involvement in repetitive work. Automation tools use 
predefined rules and algorithms to classify products by 
data inputs without consistently and expediently 
missing any products (Nyati, 2018). 
Some of these automation capabilities can be 
integrated into advanced software platforms dedicated 
to global trade compliance, such as SAP Global Trade 
Services, Oracle Global Trade Management, and others, 
and connect to systems and databases to improve 
product classification. These platforms allow external 
databases, such as customs, regulatory, and 
compliance platforms, to interact with them so that 
classifications reflect our current standards and 
regulations. Also, the software can be integrated with 
an enterprise resource planning (ERP) system for the 
maintenance of up-to-date, accurate product records 
that will ease smooth trading and compliance 
operations. Automating these processes allows 
companies to free up their time for the technology to 
perform higher-level tasks, such as strategic decision-
making and risk management. 
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Figure 8: Automation Tools in Software Development 

 

How Technology Enhances Accuracy and Efficiency 
Product classification via technology is not only about 
speed but also about ensuring they are accurate in 
compliance. Even small errors regarding product 
classification can incur huge financial penalties, delays 
in shipping, or damage to reputation in global trade. 
Some traditional manual classification processes are 
sometimes hard due to inconsistent interpretation of 
product descriptions, fatigue errors, or a lack of 
capacity to process many products. Technology takes 
care of these challenges and can mitigate them with its 
advantages in terms of accuracy and efficiency. 
Large numbers of products that are described and have 
attributes in a complex way are easy food for AI AI-
powered classification systems. For example, in AI (e.g., 
analysis of the entire product context, such as 
components, materials, and indicator use), the 
capabilities can make highly informed decisions about 
product classification. This will lessen the chances that 
the product details might misinterpreted something, 
which can lead to errors. In addition, technology can 
validate classification decisions against other types of 
data, such as national and international trade 
regulations, to mitigate the risk of noncompliance. 
An automated classification system has other key 
benefits involving efficiency. However, using traditional 
methods, each product must be reviewed and classified 
manually, which could take a long time, especially in 
large-scale operations (Lwakatare et al., 2020). 
Automated systems significantly reduce the processing 
time by automatically assigning classifications 
immediately following artificial intelligence rules or 
algorithms. Not only that, this shortens the trade 
process and enables businesses to accommodate the 
rising volume of products without needing a larger 
workforce. Thus, compliance procedures of the 
companies are streamlined, operating costs are 
minimized, and the company's global supply chain 

becomes quicker. 
 
Integration with Other Compliance Systems 
Technology has to be integrated with other compliance 
systems and tools to be really effective in compliance in 
global trade. Product classification is an important part 
of global trade management, but it is not to be isolated 
from other aspects of global trade management, such 
as import/export documentation, customs 
declarations, and regulatory reporting. Classification 
systems are critical to facilitating a holistic approach to 
trade compliance because the ability of classification 
systems to communicate with these other platforms is 
crucial. 
Most advanced trade compliance solutions or tools 
have integration capabilities that enable automated 
classification tools to work alongside customs 
management software, supply chain management 
systems, and other regulatory platforms. The 
connection of product classification data with other 
compliance tools allows businesses to rightly put their 
classification decisions into the context of broader 
trade regulations, tax options, and customs rules 
Furthermore, this integration lets us incorporate the 
most recent trade regulations, tariffs, and sanctions 
into the classification process in real time to adapt to 
the most recent global standards. Moreover, it also 
helps maintain trade data consistency and accuracy in 
different parts and other business units that focus on 
different classes of data. Data flow is integrated 
between systems in a way that helps improve 
operational efficiency. Additionally, it helps businesses 
better understand and have more control over how 
their businesses operate in world trade. 
The transformation is technology’s role in automating 
the classification of products for compliance in global 
trade. With the help of AI and machine learning, you 
can see better accuracy for classifying machine 
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behavior and also be able to make better decisions. 
Automation tools increase the speed of processes and 
release them from the manual workload. Integration of 
these technologies within other compliance systems 
enables global trade businesses to unify the compliance 
processes. Since this market is expanding at such a high 

rate and changing at such a fast pace, employing the 
latest advanced technology minimizes the amount of 
human error and allows the business to enlarge and 
become more agile in operating in the constantly 
changing and developed market.

 

 
Figure 9: The Key Elements of Trade Compliance 

 

How Automated Product Classification Works 
The automated product classification system is 
complex and accepts the need to classify goods through 
technology. It simplifies the process by reducing human 
error, enhancing accuracy, and reducing the time spent 
on compliance trade.  
 
Data Collection and Standardization 
Collecting data and standardizing them is the first step 
in automating product classification. All product 
information should be gathered and automated 
effectively to be used for classification. These are 
product descriptions, technical specifications, 
materials, and other data points about the item. Data 
can be sourced from actual ERP systems, inventory 
management systems, or directly from manufacturers 
and suppliers. The success of the classification process 
relies on the assurance that the data produced by this 
process represents the incident and is adequate. 
After that, the data would be standardized. Data 
standardization refers to converting data to a uniform 
format that is clean and devoid of variance due to 
various data sources. If the data is standardized, the 
automated system can process product information 
precisely. Data standardization is often a common 
problem with unsaid variations in language, meaning in 
measurement units, explaining product attributes. 
Companies usually produce data normalization tools to 
bring differences between product data and the 
classification system onto the same line. Hence, all 

product data conforms to the classification system. 
Algorithm-Based Classification 
Classification based on the algorithm is done after data 
is collected and standardized. Automated classification 
systems are at the heart of algorithms designed to 
imply the classification of products from the proscribed 
parameters like the Harmonized System (HS), Schedule 
B, or any other classification criteria prescribed in 
international trade regulations. 
These algorithms leverage artificial intelligence (AI) and 
machine learning (ML) technologies. Because of this, AI 
and ML can also send back the results to the system to 
help it learn from its historical data and get better and 
better at classifying new things. To assign the most 
appropriate classification code to the product, the 
system uses product descriptions, material 
specifications, and previous classifications as some of 
the data points. A human can look at these 
classifications of thousands of products and cannot find 
the similarities. 
The algorithm evaluates the product's features and 
tries to fit them into predefined rules and classification 
structures. Some rules can be product type-based, 
country regulations, or industry standards-based. For 
many types of products, the algorithm can classify 
products that may not seem obvious to classify. 
Learning is still happening, and the machine learning 
model is becoming better at identifying fine product 
details and ensuring that the results are correct and up 
to date with current regulations. 
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Integration with Trade Platforms 
The other important part of this is to integrate it with 
trade platforms. Automated classification systems 
must be able to communicate and share data with 
other trade-related platforms, including customs 
management systems, import/export databases, and 
some kinds of logistics software. With these 
integrations, companies can smoothly pass information 
from one entity to another and automatically have 
products categorized automatically to ensure 
compliance with local and international trade 
regulations. 
A second key benefit of automated classification 
systems and trade platforms is that they can monitor 
changes in regulation that the status of a security may 
need to change in real-time. Trade and classification 
codes are also subject to dynamic change regulations 
owing to the changes in international trade 
conventions, tariffs, or customs law, making it very 
difficult for a firm to shift its investment between 
countries and the country. Through integration, 
automated classification systems can automatically 
classify the product with the most recent regulations 
without manual intervention, with the classification 
being integrated unceasingly. 
This allows operational efficiency by reducing manual 
data entry and the chances of human error through 
integration with trade platforms. The relevant 
classification information is provided to customs 
authorities, and other stakeholders participate in the 
trade procedure as soon as the automated system 
classifies the product. If keyed without delays, moving 
goods across borders speeds up the movement of 
goods across borders (Kipkoech 2020). 
 
Benefits of Automation in Product Classification 
Many benefits are associated with automating product 
classification in businesses that trade internationally. It 
focuses first on the increase in accuracy. Errors in 
manual classification are likely because international 
trade regulations are complex, and human judgment is 
subjective. However, the process is standardized in 
automated systems, and products are always classified 
properly with the right codes. 
Efficiency is another big advantage of cote automation. 
Manual classification processes are also time-
consuming, with huge expenses involved. However, 

automated systems can process immense amounts of 
product data in fractions of the time that human 
systems can. This reduces employees' workload and 
puts them in the area of responsible customer 
relationships or optimal supply chain operation. 
Customs clearance also has more speed with the 
automated systems, which minimize delays at borders 
and improve the total flow of goods. 
In addition, automation reduces costs. By saving 
substantial amounts of money, businesses can save on 
the risk of fines and penalties related to incorrect 
classifications by minimizing them. Additionally, 
automation will reduce manual costs, including hiring 
additional staff and outsourcing classification tasks. 
Automated product classification provides scalability. 
An automated system that handles more classification 
demands, a growing product catalog, or an expanded 
product catalog in a company, as it opens up in new 
markets, is easy to develop. Compared to manual 
processes, which require more workforce to deal with 
higher volumes, automation means that automated 
systems can grow without needing more people and 
are, therefore, very adaptable to fast-moving business 
environments. 
Businesses that strive to comply with global trade rules 
have an important tool for this, which is automated 
product classification systems. Collect databases 
through the process of collecting and standardizing 
data, applying scientific algorithms, associating with 
trade platforms, and delivering a range of benefits such 
as improved accuracy, reduction in cost, lower cost, and 
scalability; these systems constitute the future of global 
trade compliance. With the continued evolution of 
international trade regulations, the point of 
automation in ensuring compliance will be 
indispensable for businesses to stay competitive and 
compliant in the complicated global marketplace 
(Grant & Agoro, 2021). 
 
Best Practices for Automating Global Trade 
Compliance 
Automating global trade compliance processes can 
improve accuracy, efficiency, and compliance 
effectiveness. For automation to be effective, 
businesses should follow several best practices. In 
these practices, systems are integrated so that they are 
continuously updated and aligned with both internal 
and external regulations.  

 
Table 5: Best Practices for Automating Global Trade Compliance 

 

Best Practice Description Benefit 

Regular Monitoring and Updates Ensure systems are up-to-date with regulations 
Avoid fines from outdated 

practices 
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Best Practice Description Benefit 

Data Accuracy and Security 
Implement validation protocols and secure data 

storage 

Improve compliance and 

security 

Collaboration with Customs 

Authorities 

Work closely with customs bodies to stay ahead 

of changes 
Faster customs processing 

Selecting the Right Automation Tools 
The first step towards automating global trade 
compliance is choosing the right automation tools. The 
tools must be able to manage the complexities of 
international trade regulations, including customs 
duties, tariffs, and classification. When choosing 
automation software, businesses must check if it is 
scalable, adaptable, and can integrate with other 
software. Global trade regulations are dynamic and 
should be handled appropriately by tools. 
One of the biggest decisions in selecting your 
automation tools is whether the software can be used 
with multi-jurisdictional functionality (Pasquale, 2019). 
Tools must be capable of handling a variety of 
regulatory environments and supporting compliance 

across borders if the businesses are operating across 
several countries or trading regions. These tools ideally 
deliver real-time updates of regulatory changes to the 
businesses so they are aware of the changes and 
minimize the risk of non-compliance. Another major 
issue affecting the choice of automation tools is the 
ability to integrate with the existing enterprise resource 
planning (ERP) system and trade platforms. The 
automation system must get data from different 
sources—procurement, sales, and logistics—to achieve 
consistent and accurate data flow. This will also help 
integrate with customs clearance platforms and trade 
databases for product classification and duty 
calculation.

 

 
Figure 10: Automation Tool Selection Criteria 

 

Regular Monitoring and Updates 
The process does not end even after the selection and 
implementation of an automation tool. An automated 
system requires regular monitoring and updates to 
maintain its accuracy and up-to-dateness. Changes to 
global trade regulations occur very frequently, and any 
automation system that never updates risks being 
obsolete and, therefore, in compliance with them and 
also for possible fines. Businesses must establish a chart 
to oversee alterations in trade laws, such as customs 
debt, sanctions, import/export limitations, and other 
circumstances. These changes should be incorporated 
into automation systems in real-time or even scheduled 
updates so that the system always remains compliant. 
Companies may, therefore, rely on third-party service 

providers with feeds that regularly supply information 
about global trade regulations. By doing that, the 
compliance system is maintained to be congruent with 
new laws and regulations in various areas anywhere. 
The automation system has to be evaluated continually 
based on its performance. Compliance with this system 
will allow for the monitoring of all its output to 
interrogate for any deficiencies in the trade compliance 
process. Regular audits and performance assessments 
show that the system works correctly and that no 
critical data or compliance requirements are missing 
(Raji et al., 2020). 
 
Collaborating with Customs Authorities 
Collaboration with customs authorities is the other best 
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practice for automating global trade compliance. The 
most important incriminatory of trade regulation are 
the customs authorities as agents of that law enforcing 
duties, tariffs, and sanctions. There is no doubt that to 
do business and keep compliant, the business should 
work with these authorities to know what compliance 
requirements are and that automation systems are 
compliant with these requirements, too. Many trade 
facilitation programs in countries aim at businesses 
working with customs authorities. For instance, in the 
US, the Customs-Trade Partnership against Terrorism 
(C–TPAT) enables businesses to get closer to US 
Customs and Border Protection (CBP). This means that 
trade would be sped up, and inspections would become 
unnecessary. It is also possible to collaborate with 
customs authorities to help businesses stay abreast of 
the new or revised regulations and, therefore, be better 
prepared should they ever want to change their 
compliance system. 
Automation tools should be integrated into customs 
platforms, and the way of data exchange should be 
direct. The reduction in human error is bound to 
happen when data is automatically submitted, and the 
right documentation is kept up to date. This means that 
given their automation systems in tandem with 
customs authorities, businesses can maximize their 
compliance effectiveness and speed up the process of 
their actual processing while minimizing the likelihood 
of missing opportunities that could lead to large, costly 
penalties. 
 
Ensuring Data Accuracy and Security 
The data in global trade compliance must be accurate 
and secure in order to be automated. In trade 
compliance processes, data is the backbone, and 
inaccuracy equates to the wrong product in the wrong 
class with the wrong duty calculation and even 
regulatory violation cases. Robust data validation 
protocols must be implemented in businesses’ 
automation systems to prevent incorrect data from 

entering their automation systems and destroying the 
accuracy. Data validation could include checking 
product details, regulatory codes, and tariff 
classifications against internationally validated 
databases. Firms checking will be integrated with other 
authoritative databases, such as the World Customs 
Organization (WCO). The effects are reliability and 
reduced error. Moreover, businesses should conduct 
regular data abducts that verify whether the product 
information has not changed and has remained the 
same and consistent, particularly in the case of large 
and complex product inventory. 
Data security is extremely important other than 
accuracy. This information will be exchanged with 
product details, supplier information, and customs 
documents to achieve trade compliance information. If 
this data can be breached or misused by an 
unauthorized user, then Businesses are supposed to 
commit to a high amount of cybersecurity. Finally, it 
contains encryption, multi-factor authentication, and 
secure storage of data solutions. In addition, it’s 
important to meet the EU’s General Data Protection 
Regulation or similar regional regulations. Before 
companies adopt an automation tool or service, they 
have to guarantee that their employees are well 
prepared to use it and, at conferences, improve data 
accuracy and security. With regular training sessions, 
the employees will become aware of what compliance 
implies and able to handle any discrepancy or security-
related issue that may occur. 
These best practices provide businesses with ways to 
automate their global trade compliance processes 
without losing the manual workload, reduce human 
error, and assure compliance. To improve compliance 
for a more efficient and secure trade environment, 
automated current conditions and increased 
collaboration with customs authorities can be regular, 
as can the use of appropriate tools and strong data 
management practices.

 

 
Figure 11: The essential steps and strategies for ensuring data compliance - Data compliance 
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Case Studies of Successful Automated Product 
Classification 
One of the major trends is that many companies wish 
to streamline the global trade compliance environment 
by using automated product classification. Everything 
has moved on quite a bit from where it once was 
regarding the use of automation tools and technologies 
across businesses, bringing us cool benefits such as 
more efficiency, accuracy, and, more importantly, 
regulatory compliance. 
 
Company A's Transition to Automation 
Company A, an international electronics manufacturer, 
had become so complicated to classify with the rise in 
its product representation in one of its regions that it 
was becoming increasingly difficult to manage. It had 
diversified products ranging from consumer electronics 
to industrial equipment and spare parts. Yet, the lack of 
standardized classification procedures resulted in 
noncompliance and long stops at the customs 
checkpoints. Consequently, to address these problems, 
Company A decided to apply an automated product 
classification that utilizes artificial intelligence (AI) and 
machine learning (ML). The system was integrated into 
the company's enterprise resource planning (ERP) to 
ensure multiple in-and-out data flows for the 
production, logistics, and compliance teams (Singh et 
al., 2019). The system was based on automated 
algorithms and combined rules that consider the 

Harmonized System (HS) and local trade regulations on 
classifying products quickly and accurately. It was 
trained on historical product data, so the AI system 
became better at classification. This way, the system 
could learn what patterns and anomalies manual 
systems were unable to pinpoint and, thus, decrease 
the amount of human error. Enabling the automation 
of product classification did a great job for the 
company’s trade compliance process. Company A 
managed to read unnecessary hours with manual 
product classification, meeting strict time schedules to 
avoid the costs of lost time in customs clearance. 
The system ensured that global operations were 
consistent, an absolute requirement given that the 
company had international trade compliance. 
However, it wasn't easy to transition to automation. 
The company started, and when those employees were 
used to old lots, resistance was faced when the 
company used to use employees initially. It was unable 
to deal with complex, nonstandard products. However, 
with these challenges, Company A's decision to 
resource complete training programs and continued 
support reduced their risks and helped facilitate a 
smooth transition. One year after implementation, 
Company A saw decreased customs-related penalties 
and fines, and their compliance team no longer had 
time to enter and classify products in stand-alone 
systems manually. 

 
Table 6: Case Study - Company A's Transition to Automation 

 

Challenge Solution Outcome 

Complex product portfolio Implement AI and ML for better classification Improved compliance and reduced errors 

Inconsistent classification Adopt automated product classification system Reduced manual workload, improved consistency 

Global Supplier's Approach to Compliance 
Automation 
It was a leader in global industrial machinery and had 
operations in 50 countries. It was feeling the pressure 
to simplify its product classification and trade 
compliance around the world (Sadeghi et al., 2019). The 
company was conducting multiple product categories 
business, and each category was subjected to different 
international regulations, which rendered manual 
classification time-consuming and error-prone. In order 
to tackle the challenges posed by these issues, the 
supplier deployed an automatic product classification 
system based on cloud software and machine learning 
algorithms. The system was created to provide a 
product specification analysis (material composition, 
weight, dimensions, and intended use) to its customers 
and determine the correct classification under the 

correct international tariff schedules for the product. 
This was linked automatically with the company’s 
centralized data management platform for real-time 
access to product information and trade regulations 
updates. The product classifications were now based on 
the most recent global trade agreements and tariffs, 
which lessened the compliance risk. One of the selling 
points for such a system was that it could handle 
common industrial machinery product variants. Some 
of these variants were challenging to classify as the 
same variant can be different according to the 
customer’s requirement. The automated system 
reduced this compliance team’s workload, while this 
classification of this variant approached a high degree 
of precision. 
The global supplier's integration system with customs 
platforms made electronic submission of trade 
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documents, including import/export declarations and 
product specifications, possible. This integration 
allowed the company to avoid delays at customs 
checkpoints and reduce the time it takes to clear 
customs. Despite the system's success, its 
implementation was extremely difficult for the 
company. The whole period was data migration—
transitioning from legacy systems into a new 
automated platform. In addition, data standardization 
across multiple regions was also a challenge for the 
company. To resolve these issues, the supplier 
established a dedicated project team to work closely 

with software developers to polish the system's 
features to meet particular regional demands. The 
implementation of the automated product 
classification system improved operational efficiency. 
On classification tasks, the company reduced time 
spent by 30%, and on compliance errors, it decreased 
by 25%. The ability to quickly react to ever-changing 
regulations enabled the system to provide a 
competitive advantage, allowing the company to 
maintain agility regarding ever-changing global trade 
rules. 

 

 
 

Figure 12: The architecture of the IoTs. 
 

Lessons Learned from These Case Studies 
Other companies, such as Company A and the global 
supplier, provide several important lessons for 
businesses considering automating product 
classification technology. The first point that cannot be 
overstressed is how important data quality is. In both 
cases, the companies' product data input into the 
system had to be accurate and standardized. Even the 
most intelligent tools to automate the classification 
would have difficulty without accurate data. For this 
reason, organizations must spend money on data 
cleaning and standardization processes during the 
automation implementation (Cooper et al., 2019). 
Successful change management strategy needs to be 
implemented. Some workers did not want to leave the 
way they were used to doing things. It was important 
to have the engagement of stakeholders at an early 
stage, adequate training, and the ability to handle 
concerns of all levels in the organization to overcome 
this resistance and get buy-in from all people involved. 

Product classification automation can also greatly 
improve accuracy and efficiency, but that is not a one-
size-fits-all solution. Automation tools have to be 
created to cater to a business's particular needs. For 
instance, company a needed AI and machine learning 
to classify a wide variety of complex products, while the 
global supplier was concerned with connecting updates 
in trade regulation with their system. Customization 
and continuous improvement of the system are 
required to maintain an effective automated solution. 
Both these companies learned the value of keeping a 
continuous watch and adapting. Automated product 
classification systems are not static systems that must 
be updated regularly to meet changing trade 
regulations and product specifications. To preserve 
those standards, every company will inevitably need to 
invest in monitoring tools and resources to know that 
their automated systems adhere to them. The global 
supplier case study and case study of Company A show 
that when correctly automated, global trade 
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compliance processes increase efficiency, accuracy, 
and consistency (Chavan, 2021). However, to obtain 
maximum benefit, businesses must prioritize data 
quality, prepare diligently for implementation, and 
repeatedly improve their systems. 
 
Future Considerations in Global Trade Compliance 
Automation 
While global trade is growing increasingly complex, the 
need for accurate classification of products and more 
complexity of trade compliance regulations increases. 
The long-term future of global trade compliance 
automation is something businesses, governments, and 
other stakeholders of the trade ecosystem must be 
aware of and operate in. For example, emerging 
technologies will change the face of trade compliance, 
the capacity of blockchain, the automation in global 
supply chains, and the continuing efforts for global 
standardization in trade in the future. 
 
Emerging Technologies in Trade Compliance 
The national landscape of trade compliance is changing 
fast with the introduction of new technologies. The 

advances in artificial intelligence (AI), machine learning 
(ML), and data analytics have enabled new approaches 
to the automation of product classification and a 
streamlined product compliance process. However, 
systems powered by AI can analyze large amounts of 
data and a product as it clearly refers to past 
information and, therefore, becomes more accurate 
and less prone to human errors. In the past, machine 
learning algorithms typically learned from eyeing 
previous data's classification patterns and gradually 
improving their classification accuracy. Or, NLP 
deciphers trade regulations and legal documentation, 
replacing human manual work. However, recourse can 
also be made to trade compliance platforms 
incorporating the Internet of Things (IoT). One can 
continuously monitor compliance from the supply 
chain to the end user using IoT devices, with real-time 
data available from goods movement. It can run 
automatic actions like automatically submitting 
required documentation or finding shipments that are 
not compliant. Consequently, these may be able to 
converge and create a very automated and real-time 
opaque 'black box' global trade compliance system. 

 
Table 7: Future Trends in Global Trade Compliance Automation 

 

Trend Technology Involved Expected Impact 

AI and Machine Learning Predictive analytics for trade compliance Enhanced forecasting of trade risks 

Blockchain Immutable transaction records Improved transparency and reduced fraud 

IoT Integration Real-time data collection for compliance Automated alerts for non-compliant shipments 

 
The Impact of Blockchain on Compliance 
Blockchain technology can be applied to trade 
compliance to deliver secure, transparent, and 
immutable records of transactions. In the context of 
global trade, blockchain has become a subject related 
to data integrity and fraud, which are very important 
issues for compliance departments. A ledger in which 
each step of the trade process can be recorded, and 
each unalterable step is achieved through blockchain so 
each stakeholder may verify the shipment authenticity, 
the product's classification, and compliance 
documents. This lessens the potential for error and 
fraud, a necessity for abiding by international 
regulations (Martinez, 2020). 
One of the biggest advantages of blockchain in trade 
compliance is its ability to streamline customs 
procedures. Blockchain can be used because smart 
contracts can automate things like categorizing 
products, validating trade agreements, and ensuring 
that tariffs are paid. By programming smart contracts, 
they can do this automatically and quickly without 
manual interference when some conditions are not 

met. It is foreseen that blockchain technology will be a 
foundation of the global trade compliance landscape, 
which is becoming faster and more secure. 
Automation and the Future of Global Supply Chains 
This is increasingly tied to how automation is used in 
global supply chain management. Due to businesses' 
high degree of interconnectivity and globalization, any 
part of the supply chain must comply with trade 
regulations. Ensuring that trade compliance 
automation works will lead to deeper integration of 
supply chain systems, to the point where goods, 
information, and back-and-forth gate data to their 
traditional confines into the international border no 
longer exist. 
Since supply chains are getting more complicated, one 
can expect a growing need for automated trade 
compliance products. By integrating with businesses' 
existing enterprise resource planning (ERP) and supply 
chain management systems, they will automate 
product classification, customs documentation, tariff 
calculation, and compliance monitoring. These 
processes will be automated, the delays will be 
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reduced, costs will be mitigated, and there will be no 
risk of noncompliance. Business compliance risks can 
also be proactively managed with the use of predictive 
analytics driven by AI (Kumar, 2019). Historical data 
analysis and monitoring of new regulatory laws enable 
AI systems to predict possible problems and propose 
corrective actions before noncompliance. Such an 
approach is proactive, allowing businesses to be more 
reactive to regulatory changes and remain compliant. 
 
Global Standardization of Trade Compliance Systems 
The problem of respecting international regulations 
should be addressed by globalizing the trade 
compliance systems. The main challenge lies in the 
variation in different regions' rules and standards. For 
example, it's necessary to pay attention to the customs 
documentation requirements of various customers, 
and the Harmonized System (HS) code used for 
classifying products will change from country to 
country. These discrepancies hurt businesses doing 
business across markets, as they end up lowering 
efficiency and raising compliance costs. 
This global standardization is brought about to close 
the gap between the conformism of the regulatory 
regime across borders to do business with ease. The 
aim is to change the given sentence's structure so 
businesses can unburden themselves with the multiple 
burdens of establishing classification and related 
documentation for international transactions through a 
single set of compliance systems (Sabatucci & 
Cossentino, 2019). 
This also will make all automated compliance systems 
interoperable. Since the work is easy in terms of 
communication from different platforms and 
stakeholders, a standardized system is needed once 
Businesses start using automation tools for trade 
compliance. It will completely and securely exchange 
compliant data within and across an entire trade 
ecosystem, encompassing manufacturers, customs 
authorities, carriers, shippers, forwarders, and more. 
The target is building an inclusive, transparent, 
effective, cost-effective global compliance ecosystem. 
The future of global trade compliance automation will 
be driven by new technologies (the adoption of 
blockchain), the mixing of automation into global 
supply chains, and much more. However, it will help the 
global standardization processes so that the business 
operations become standardized and comply with the 
processes and optimization of higher efficiency levels 
between borders. If technology is coming, it guarantees 
that companies will be forced to utilize automated 
trade compliance systems to survive in the global 
market. The mere acceptance of such technological 
changes results in a company being able to meet, 

reduce costs, and reduce the risk of being out of 
compliance with that position. 
 
10. Overcoming Challenges in Automating Trade 
Compliance 
Trade compliance automation is necessary for 
operations and minimizing errors while complying with 
global trade regulations (Kommineni, 2020). In other 
words, businesses often experience very difficult 
challenges when integrating different automated 
systems. These challenges include technical and 
operational difficulties, human resistance, the need for 
proper training, and the complexity of scaling the 
system. Businesses must address these hurdles to fully 
capture the full potential of automation in trade 
compliance. 
 
Technical and Operational Hurdles 
Technical complexity is one of the main grounds for the 
problems in automating trade compliance. It isn't easy. 
Integrating the automation tools with the existing 
system is difficult, which raises the resource needs. 
Many businesses often use legacy product 
classification, inventory management, and compliance 
tracking systems, and getting them into automatic tools 
becomes hard. Data has to be moved between 
disparate systems (e.g., enterprise resource planning 
(ERP), customer relationship management (CRM), and 
so on) as seamlessly as possible. It can only be achieved 
with highly skilled and much invested technical 
expertise. 
Automated systems are also highly accurate only if the 
data they receive is good quality. In such cases, where 
input data has not been completed or is erroneous, 
automatic processing will produce classifications and 
compliance violations. To automate, companies must 
devote huge data governance rules to maintain the 
data so that automation is clean, fresh, and similar. It 
could be processes of sophisticated data validation 
solutions applied to identifying deviations and fixing 
them before a compliance process or using algorithms 
and machine learning to identify and correct 
discrepancies. 
The regulations for international trade also create 
hurdles of operational complexity. Since the 
regulations and how a product is classified in one 
country differ from those of another, automated 
systems cannot provide consistent results in different 
countries. Regulatory changes are constant, and you 
must ensure the automated systems deal with that and 
all the new regulations required by compliance. This 
creates a non-compliance risk, as no agile system can 
quickly implement new rules and classifications 
(Soeteman‐Hernandez et al., 2019). 
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Resistance to Change 
Refusing to change is another significant challenge of 
adopting automation in trade compliance. Manual 
process workers, including employees, will usually 
hesitate to trust automated systems. Resistance can be 
spurred on by the fear of job displacement or the 
difficulty of the technology one is confronted with. To 
overcome this cultural barrier, change management 
strategies must be implemented to educate employees 
on the benefits of automation, including being more 
accurate, efficient, and less workload. 
In the case of automated systems, trade compliance 
employees often lack knowledge of the technology 
involved and are skeptical about the effectiveness and 
reliability of automated systems. Clear, smooth 
communication from businesses to their teams 
regarding concerns will play a big role for the team and 
show how automation will make their work easier 
instead of replacing it. Automatic tasks can be handled 
without time spent by human resources, and 
employees can be directed to areas where utilizing 
expertise and applying critical thinking can bring more 
results. 
Resistance can be defeated by leadership. Given a clear 
idea about how automation fits with the company's 
future vision, it will create the environment to get 
management and staff on board. It is also a good idea 
to get employees on board with decisions throughout 
the selection of automation tools by letting them select 
or participate in pilot programs. It brings the feeling of 
ownership and buy-in, helping to ease the fear of 
change and smoothly transition to an automated 
system. 
 
Training and Skill Requirements 
Ensuring the successful implementation of an 
automated trade compliance system requires training, 
which is a critical component. These systems demand 
that they are properly operated, managed, and 
troubleshot. Therefore, employees require the 
necessary skills to do it. Trade compliance personnel 
must have a new set of skills to work with complex 
automated tools. Traditional compliance roles require 
expertise in the manual classifier system and regulatory 
knowledge, but automated systems require data 
management experience, system integration 
experience, and analytics experience. There is a big gap 
between the technical skills required for automation 
and the skills of most trade compliance professionals. 
As such, businesses need to equip themselves with full 
training programs, providing training for the technical 
parts of the system and the knowledge requirements to 
perform the regulatory obligations. These training 

programs should be ongoing for automation 
technology updates and, more accurately, the trade 
regulations. 
In order to achieve the maximum return on investment 
in automation, companies also need to educate 
themselves in a culture of continuous learning. This 
may include supporting employees' access to 
professional development programs, giving them 
certification according to some technologies, and 
allowing their attendance at seminars or workshops 
focused on the industry. This encourages employees to 
stay on top of the new coming and going in the business 
and technology space so that they continue to be 
competent and confident in managing their current 
automated trade compliance systems (Hajkowicz et al., 
2016). 
 
Scaling Automation Systems 
The second hurdle is replicating the above solution to 
handle future growth. Since trade compliance brings 
along the volume and complexity of new trade markets, 
businesses must devote resources to this activity. As 
this scaling complexity continues to grow, it is 
necessary to use such planning and infrastructure when 
scaling automation systems. An automation system at 
scale must also be able to absorb more data without 
affecting its performance. Suppose the company deals 
with many products or geographies with different 
compliance requirements. In that case, hardware or 
cloud infrastructure upgrades might be needed. To 
avoid this situation, the system should support a 
personnel change. Secondly, the system should be 
flexible enough that, as new regulations and trade 
agreements arise, the company does not need to 
change the whole system just to remain compliant. 
Scaling also means the automated system can connect 
to other trade platforms, partners, and stakeholders as 
the business expands. It may need to integrate with 
new customs authorities, logistics providers, or 
droughts. A highly adaptable system is needed to 
ensure this data can be exchanged seamlessly without 
breaking in between these entities and to allow the 
most efficient sharing of data with these entities. For 
scaling automation, monitoring the system’s 
performance is important to look for instances of 
inefficiencies or bottlenecks if these can jeopardize 
compliance. The automation tools should always be 
regularly audited and unrolled, and monitoring should 
be conducted to measure their efficiency and accuracy 
as the business grows. 
Trade compliance processes can be made easier by 
addressing technical and operational challenges, 
confronting resistance to change, delivering the 
required training, and ensuring system scalability. 
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Efficiency, accuracy, and scalability are critical to 
staying competitive in a fast-moving, global trade world 

(Leitão et al., 2016). 

 
 
 
 

Table 8: Key Considerations for Scaling Automation Systems in Trade Compliance 
 

Factor/Challenge Description Action Required 

Handling Increased Data 

Volume 

Automation systems must absorb more data as 

business grows. 

Upgrade hardware or cloud infrastructure to 

support increased data volumes. 

Flexibility with New 

Regulations 

New regulations and trade agreements emerge 

regularly. 

Design systems that can adapt without needing to 

be completely overhauled. 

Integration with External 

Platforms 

As businesses expand, integration with new 

stakeholders is necessary. 

Ensure the system can connect with customs 

authorities, logistics providers, etc. 

Monitoring System 

Performance 

As the system scales, inefficiencies or 

bottlenecks may arise. 

Continuously monitor the system to identify 

issues and optimize performance. 

Regular Auditing and 

Updates 

Scaling systems must be regularly audited to 

maintain efficiency and accuracy. 

Set up regular audits and updates to ensure the 

system stays compliant and efficient. 

Personnel and 

Infrastructure Support 

System growth may require personnel changes 

and infrastructure upgrades. 

Ensure systems are flexible and capable of 

integrating new staff and technologies. 

CONCLUSION 
Sites that extract products from businesses, especially 
those dealing with international trade, have the 
opportunity to automate trade compliance, including 
product classification systems. In today's world, where 
market interdependency increases, trade regulation 
becomes more complex, and manual methods are 
impractical. This showcases that such problems as 
trade compliance can be solved with AI, ML, and other 
automation-powered technologies that can be 
wonderfully integrated into one. 
This study highlights one of the key takeaways by 
demonstrating the critical role that the correct product 
classification plays in ensuring compliance with 
international trade regulations. Misclassifying the 
goods brings severe consequences and may lead to 
financial penalties, delayed shipment, and, at times, 
lingering goods or getting them seized. Automation 
reduces these risks as it takes less time to classify and 
more accurately, leading to a faster operational cycle 
and fewer opportunities to breach compliance. These 
systems are based on AI and ML and use this, combining 
it with the amount of data available and combining it 
back to learn and improve as more product data comes 
online. This simplifies new global trade regulations for 
businesses and eliminates the need for constant 
manual input. There are no insignificant technical 
obstacles, and you are unwilling to change them, so you 
need specific training to redesign them into an 
automated compliance system. However, these 
problems can be satisfactorily needed if resources are 

equally apportioned, should be assigned well, and 
appropriate change management practices are in place. 
If they invest in automation, the company should see 
that their teams are sufficiently trained and that the 
systems can expand their team and adjust to changes 
in global trade regulations. Organizational strength to 
change and adopt innovation also makes these 
automation systems possible, not just based on 
technology but also because of the organizational 
strength to implement it. 
Automation contributes more than to an increase in 
product classification accuracy. This allows businesses 
to develop resources and time from manual compliance 
activities, which frees up time and resources to attract 
customers and broaden the market. Moreover, the 
automated systems are big enough to cope with 
drastically higher volumes and more elaborate 
international trade operations so companies can work 
to expand production without deviating from their 
regulatory necessities. Another is that blockchain and 
the Internet of Things are new technologies that have 
entered into the emergence and contributed to 
transforming their landscape in global trade 
compliance. This means that you cannot change these 
records, which will also be a further layer of security for 
the data and prevent any fraud concerning the 
transactions. On the other side, IoT can help monitor 
the entire supply chain in real life by tracking and 
watching how goods move along the chain to check if 
compliance is followed. Integrating these technologies 
into trade compliance systems will provide businesses 
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with a more complete, real-time understanding of their 
operations and regulatory status. 
Global product classification automation and its 
associated global trade compliances are not only of 
technological advancement but also a strategic 
necessity for international trade businesses. Whether 
the matter isn't manageable without automation or 
just a matter of getting an edge in the competition, 
companies must use it out of necessity. Technical and 
operational challenges such as global trade compliance 
present successful opportunities to businesses willing 
to tackle them, invest in the right tools and training, and 
accept new technologies. This is the time for businesses 
that have not adopted automation to adopt it. 
Automation has obvious benefits, like accuracy, 
efficiency, and scalability. Trade compliance systems 
can be automated by reducing penalty and delay risk 
and improving the companies' competitiveness in the 
global market. The companies that are today's leaders 
are the ones that willingly adopt automation today. 
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