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Abstract

The evolution of connected products and the Internet of Things
(IoT) landscape presents extremely complex challenges for
testing. Time-to-market has become vital, thereby making quicker
validation cycles non-negotiable. The rapid growth of Artificial
Intelligence (Al) is expected to revolutionize loT testing across
different stages of the testing lifecycle and at different layers of the
loT ecosystem (device, gateway, platform) as discussed below:

Test management: Al can analyze vast amounts of data from
sensors and devices to discover hidden scenarios and edge cases
and create test cases that manual testers can miss. Al can delve

into complex interactions between various components of the loT
ecosystem and empower testers to expand the test coverage for loT.

Test execution: Al can analyze past test results and data and
create learning models that allow us to continuously refine the

[. INTRODUCTION

IoT has rapidly transformed industries and consumers, accelerating
digital transformations over the last few years. It forms the basis
for building interconnected systems as a network of intelligent
physical devices and products embedded with electronics,
software, sensors, actuators, and network connectivity that enable
these devices to collect data or trigger actions. The evolution of
connected products in the loT ecosystem has been phenomenal.
From being independent, mechanical or electrical components

of “physical hardware,” products have evolved to become more
“smart and connected” entities [14]. These smart, connected
products provide infinite opportunities for building new features,
limitless scope for innovation, numerous ways to solve customer

test execution pattern and fix issues in execution, leading to more
effective testing over time. This continuous self-healing process
accelerates defect detection and reduces the risk of loT system
failures.

Test automation: Al can automate repetitive testing tasks, such as
test case generation and execution, enabling testers to focus on
more strategic and critical aspects of testing. This can significantly
reduce the time it takes to complete a test cycle and make the
whole process extremely efficient, improving accuracy and

increasing revenue streams.

In this paper, we explain how the future of loT testing relies on the
harmonious integration of Al and human expertise to ensure the
robustness and quality of next-generation loT systems.

problems, help create and utilize tons of data and metrics to
improve customer experience, and build overall capabilities
beyond the traditional product boundaries. Time-to-market has
become vital, with the market segment becoming increasingly
competitive and pushing conventional segments to digitize and
build connected products, making aggressive development and
quicker validation cycles non-negotiable. The end-to-end (E2E)
validation lifecycle that the connected product in the loT system
undergoes before launch becomes the ultimate gating criterion
for product quality and success. Figure 1 depicts the expected
growth of the global IoT testing market by 2030 [1], supporting
the above explanation.

Global loT Testing Market, By Service Type, 2019-2030

872.1 Mn

m m u N

15.5Bn

M Professional Service

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

M Managed Service
Source: www.kbvresearch.com

Fig. 1 Growth of Global loT Testing Market
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In this whitepaper, the challenges with traditional or current
IoT testing are explained in Section Il and aligned with key

components of 10T solutions. Section Ill describes the connected
products validation framework and the importance of E2E
testing of connected IoT systems. Section IV details how Al is

expected to revolutionize loT testing, highlighting the growing
adoption of Al testing and the high-level areas of testing where
Al could make a significant impact. The following section, Section
V, dives deep into each of the mentioned areas of impact and
provides information on key metrics used in testing and quality
benchmarking techniques. Section VI takes up a real-world

industry case study of an loT system and explains how Al can

help test that system and its high-level benefits. The subsequent
section, Section VII, summarizes the various use cases across
industries for Al testing, followed by Section VIII, which lists a
basic evaluation framework for adoption to Al-driven testing.
Section IX provides insights into future trends in Al loT testing and
compares how these are expected to resolve current challenges
with traditional loT testing methodologies. Finally, the whitepaper
concludes with Section X, which presents a short point of view
(POV) on the future of connected products, loT systems, and the
significance of testing in this space.

[I. IOT TESTING AND ITS CHALLENGES

A connected products loT system is a “system of systems” that is independent and highly diverse. The success of the loT solution depends

on how well these systems are integrated into one seamless experience where information and insights flow from one system to another
without any disconnect. The loT solution E2E validation happens at all core layers - platform/application, network connectivity and device.
The business logic, analytics, and visualization elements are purely software pieces for which mature and established testing frameworks and

tools are available. However, the hardware devices, their behaviors on various configuration changes, interaction with the application, and
response to commands are not as thoroughly tested in a restricted lab setup. The crippling challenge in loT platform development today that
downgrades the overall validation process is that the actual field scenarios, in terms of the combination of cases, complexity and scale, are
not adequately replicated in the lab-like validation environment. The key challenges include:

a. Scale and diversity of loT devices

b. Interoperability and compatibility issues

c.  Security and privacy issues due to less control over the underlying device software/hardware

d. Limited lab testing with prototypes as against actual devices

e. Custom device simulators to simulate complex scenarios that are difficult to maintain on par with the solution development

f.  Limited load and network-related scenario emulation

g. Heavy dependency on manual testing for complex scenario-level testing

h. Restricted methods to handle software updates and patches.

These challenges revolve around the nuances of connecting disparate systems and large-scale product deployment. These make the
connected products ecosystem one of the most challenging to implement and get validated E2E successfully before launch in the market.
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Fig. 2 IoT Testing Challenges

lIl. CONNECTED IOT SYSTEM VALIDATION FRAMEWORK

Defining a broad and generic validation framework of a typical loT platform will help understand the feedback loops that can be introduced
into the different lifecycle stages. This will help identify the issues early and improve the design.

At a high level, the loT-connected products system goes through the following stages:

EENERH The solution is conceptualized based on requirements, technical capabilities, market inputs, product roadmap etc.

[DR:VIH The hardware and software pieces are designed and built after conceptualizing the platform. This is the longest stage, and
the platform finally evolves. The hardware and software development most likely happen in parallel, with stubs and simulators being
used to compensate for the missing elements. The build phase can again be broken into the conventional phases of design, coding,
testing and integration. At each of these stages, extensive validation happens to ensure feature readiness. The most significant
impact at this stage would be to increase the scope of the platform validation to cover as many field scenarios as possible and make
the next phase of the platform launch smooth.

GNEITITEH The next stage is to deploy and run the platform in multiple regions. The major challenge is to comply with legal and
operational regulations and meet the network protocol and security compliance for different geographies. The ability to scale
quickly is another important factor. It is critical to identify and mitigate these risks before launch and as much as possible during
the build phase.

CINOEEIEENE EEAIEH After launching the product, the after-sales support and maintenance gain importance. Regular platform
updates, firmware upgrades and hotfixes are part of this phase. This is highly critical and expensive. Since the platform is live, the

fixes/upgrades must be thoroughly tested and available as soon as possible.
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V. Al'lS SET TO REVOLUTIONIZE 10T TESTING

The intersection of Al and loT testing presents a transformative
opportunity for improving efficiency and effectiveness. Al’s ability
to continuously learn from data enables it to adapt to evolving
project requirements, thus ensuring that loT applications remain
reliable and secure amid increasing complexity.

Al tools can be deployed at each stage in the engineering life
cycle. Al tools can give deep insights during the initial phases of
product specification, market study, analysis of emerging trends,
and insights from customer feedback on the previous product
version, as well as for competitor products, and help mold the
right requirement set.

Al can contribute in many ways during the following stages

of platform development and platform integration. The major
categories are enhanced test case generation using tools

that automatically walk through the code and generate test
cases. Once the test cases are generated, they can be executed
appropriately during continuous deployment cycles. The next set

of Al tools can be used in defect analysis. The root cause analysis
process can be streamlined by comparing similar issues and defect
fixes done in the past and extending them to generate regression
test cases to detect these issues in the future. The defect triaging
and feedback mechanism helps build self-healing systems,
significantly reducing human intervention in fixing problems and
thus reducing potential downtime. Avoiding the recurrence of
similar defects and automatically fixing repeating issues would

be a game-changer in improving quality and reducing the effort
spent on code and design rework.

The most critical testing of an 10T platform happens for non-
functional requirements like performance, scalability, endurance,
firmware over-the-air updates, and network conditions validation.
Al can generate edge case scenarios, learn the usage patterns, and
try to mimic them in performance test cycles.

Figure 4 presents the growing adoption of Al-enabled testing by
organizations[11].
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Fig. 4 Adoption of Al/ML for Testing

In this context, Al can be broadly applied in the following areas of loT testing.

1. Automate test case
generation:

Al algorithms can
analyze system
specifications,

user stories, and
other business
requirements. They
can also automatically
build extensive test
scenarios, including
various edge scenarios.
This inherently helps
build traceability to
business requirements,
ensuring maximum test

coverage.

2. Accelerate test
execution and reporting:

Al-enabled tools and
technologies can help
execute tests faster and
more efficiently than
manual methods and
with better quality. A
good example is an
loT system sanity and
regression test scenario
that can be easily
automated.

3. Vastly enhance end-to-
end test management:

The whole suite of
test management
processes, including
test data creation and
management, test case
prioritization, defect
management, test
environment setup and
maintenance, can be
automated using Al.

4

&5

4. Enabling continuous
improvement:

Customized learning
models can be created
to analyze test results,
identify patterns, help
fix gaps in the end-to-

end test process, and
> improve overall test

execution.

T 11

5. loT system security
and performance testing:

Al tools and methods
can exploit potential
security gaps in loT
systems by performing
vulnerability scans
and penetration tests.
Other Al techniques
can be extensively used
in simulating loads for
an loT system and help
test and benchmark
system scaling in real-
world scenarios.

The following sections will examine tools and strategies to help in test management, test execution and test automation.
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V. ACCELERATE AND AMPLIFY IOT TESTING USING Al

We will deep dive into the critical areas mentioned above and see
how specific Al-based approaches can substantially improve loT
testing.

A. Automatic test case generation

To date, test case generation has always been a time-consuming
and tedious task where testers must invest significant effort in
identifying potential test scenarios manually based on system
specifications and requirements. Al brings a paradigm shift where
Al intelligence can analyze system requirements, connected
device specifications, and user stories to automatically generate
comprehensive test cases. This ensures comprehensive functional
test coverage regarding requirements that might be overlooked
during manual test case creation.

For example, using Natural Language Processing (NLP)
techniques, we can analyze and interpret a range of requirements
written in plain English. This enables the smooth translation of
specifications into effective test cases that non-technical users,
like business teams, can understand.

B. Accelerate test execution

Al can help identify critical business and functional scenarios,
prioritize test cases, and automate repetitive test scenarios for
regression, reducing manual testing effort and allowing focus on
more complex and non-automatable scenarios requiring manual
intervention.

For example, Machine Learning (ML) algorithms can be created to
review user stories and tasks, identify the flow and their patterns,
their related business logic code, and derive the expected results
to effectively automate regression test cases and sanity tests,
saving effort and cost spent on repetitive testing.

Computer Vision is another key area where Al can be utilized
in Ul testing to interpret and analyze Ul, locate Ul fields and
components in the screens, and identify changes in Ul and
relevant issues.

C. Enhance end-to-end test management

We can use Al to dynamically create and provision test
environment setups that provide a platform to simulate real-time
conditions for large-scale loT deployments.

Predictive Analytics can analyze historical data, review real-
time system monitoring information, and predict system
resource requirements for loT applications. It can help create
pre-production test environments mimicking real-world systems,
thereby improving the quality of the lower test environments,
assisting organizations to identify defects early, and improving
overall product quality.

Test data management will also become easier with Al
technologies, as we can start predicting usage patterns of different
types of users and understand functional flows better, thereby
helping create the relevant data for testing.

D. Enabling continuous improvement of test processes

Al can effectively compare actual test results against expected
results, identify gaps and discrepancies, perform root cause
analysis, and suggest resolutions to developers and testers on
potential areas of improvement.

Techniques like Prompt Engineering can also be used to improve
the overall quality of testing. For example, we can use prompt
engineering techniques to interpret user interactions with
applications as prompts, execute them procedurally based on the
application flow, and improve testing accuracy [9].

E. Security and Performance Testing

Al can simulate a load of loT deployments and analyze system
performance under various load conditions. It can then suggest
optimizations to improve overall system efficiency and reliability,
ensuring loT applications remain reliable and secure amid
increasing complexity.

An Al technology like Reinforcement Learning (RL) can be used
as a powerful utility for measuring loT system performance
because of its capabilities to define agents to learn and optimize
loT systems and calibrate their device and network specifications.
Through various trial-and-error steps, the RL agents can help
identify the best combinations of varying performance conditions
to be simulated and tested [8].

While the mentioned focus areas are game-changing and
highlight Al's impact in the future, it would be an understatement
to say that this is just the tip of the iceberg, as Al can “literally
revolutionize” the way software testing occurs.

External Document © 2025 Infosys Limited



VI. CASE STUDY

Al Testing for Smart City Traffic Management System

A. Problem Statement

Consider a smart city initiative to optimize traffic flows and reduce
congestion. The loT system comprises a network of loT devices,
including traffic cameras, speed sensors, and traffic lights across
the city. The city seeks an efficient way to test the reliability,
accuracy, and performance of the IoT ecosystem of connected
devices, as manually testing such a complex connected devices
ecosystem is highly challenging.

B. Scope of Al-enabled Testing

i. Identify traffic patterns, peak traffic timings, route maps, and
overall traffic flow

ii. Analyze loT devices' performance, system failures, and the root
cause of failures

iii. Based on data analysis, identify various predictive maintenance
steps to be taken

iv. Decide on areas of testing where Al can help address the issues
and optimize the overall traffic management to align with the
overall objectives.

C. Al-based loT testing approach

The testing scope must adopt an approach that addresses some
critical objectives:

a. Predictive Analytics using Supervised Learning to predict traffic
patterns and test the system’s adoption success/failure rate

. Anomaly detection using Unsupervised Learning algorithms

to identify and test deviations from expected traffic patterns,
failures of loT devices etc.

Traffic Performance Optimization using RL agents to simulate
different traffic conditions and verify the system’s decision-
making algorithms

. Use techniques like NLP for analysis of logs and identifying root

causes and retest scenarios

. loT device testing using ML algorithms to calibrate and fix loT

device issues.

D. Business Benefits

a.

Improved accuracy by fixing anomalies and setting up
automatic regression testing of critical scenarios [10]

. Predictive maintenance - Predict potential failures before they

occur, allowing for proactive maintenance

. Scalability and performance optimization by running

repeated tests for various scales of loT devices, like traffic lights,
and fixing issues that get reported

. Extensive cost reduction by reducing manual testing effort

and subsequent maintenance effort over the medium to long
term

. Increased safety for the public due to improved reliability and

performance of the traffic system.




VII. INDUSTRY USE CASES

The loT testing use cases can vary based on industry and organization. However, there is undoubtedly significant and notable adoption
across the board as depicted in Table 1.

L . Al algorithms analyze user stories, tasks, historical test data, code changes, and defect
Predictive Test Case Generation . .
patterns to automatically generate relevant test cases for loT devices.

Al systems dynamically adjust test parameters based on real-time device performance data,
including edge scenarios. This enables more efficient stress testing by identifying optimal test
conditions and automatically scaling test loads to find performance boundaries.

Performance Testing
Optimization

ML algorithms analyze device behavior and network traffic patterns to identify potential
security vulnerabilities during testing. This includes detecting unusual data access patterns,
unauthorized communication attempts, and potential exploit scenarios.

Security Vulnerability
Detection

Al systems automatically determine optimal test environment configurations based on
device specifications and test requirements. This includes selecting appropriate virtual
sensors, network settings, and environmental parameters for comprehensive testing.

Test Environment
Configuration

Al analyzes test failure data to automatically categorize and prioritize bugs based on severity,
Automated Bug Triage impact, and historical patterns. This helps testing teams focus on critical issues and identify
recurring problems more efficiently.

ML models simulate real-world usage patterns based on historical data, enabling more

Real-world Usage Simulation L . ) .
realistic testing scenarios that reflect actual user behavior.

Al algorithms analyze large volumes of test data to identify patterns, correlations, and
potential issues, generating comprehensive test reports with actionable insights for
development teams.

Test Data Analysis and
Reporting

Table 1 - loT use cases across industries

VIIl. EVALUATION FRAMEWORK FOR Al ADOPTION

Integrating Al capabilities in loT testing demands a structured evaluation approach focusing on ML competencies and traditional testing
requirements. This framework outlines key considerations for selecting Al-powered testing solutions.

Train and test ML models c. Model training and deployment architecture

a. Understand existing QA systems and processes d. GPU/CPU requirements

b. Various Al models’ analysis and fitment for testing e. Secure Al model deployment

¢. Training efficiency with loT-specific datasets Technical Implementation

d. Measure model accuracy & precision in defect detection a. APl accessibility for Al model interaction

e. Shortlist and recommend the right tools/frameworks b. Data generation and pipeline requirements

Al Policies and Infrastructure Requirements c. Security compliance for Al operations

a. Understand organizational Al policies d. Resource optimization for continuous testing

b. Identify access, connectivity and other infrastructure This approach enables organizations to evaluate Al testing
requirements tools based on their ML capabilities while ensuring practical

deployment within loT testing environments.
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IX. FUTURE TRENDS IN Al lOT TESTING

Al is set to revolutionize various aspects of loT testing. Some key trends that we foresee soon include:

2. Predictive Maintenance Testing - Use Al models to simulate

usage patterns and behaviors to predict potential failures before
they occur in real-world scenarios so that they can be tested and
fixed proactively.

-Q.
)

4. Security Testing - Advanced Al models can expose loT systems
to vulnerabilities by simulating various cyberattacks, helping
identify and mitigate security risks before production launch.

6. Quantum Computing Integration - As quantum computing
evolves, it will be incorporated into Al testing models, dramatically
increasing the complexity and speed of simulations.

8. Cross-Platform Compatibility Testing - Al will automatically test
loT devices across multiple platforms and ecosystems, ensuring
seamless integration and interoperability.

)

10. Enhanced Intelligence in User Experience Testing -

Al techniques like Computer Vision can create Al models to
verify user interactions with loT devices, improving user
experience design.

1. Automatic Test Generation and Execution - Al algorithms
can automatically create and run test cases based on system
requirements, historical data and real-time analytics.

3. Edge Computing Testing - As loT approaches edge computing,
Al will be crucial in testing decentralized architectures and
optimizing data processing at the edge.

5. Stabilized Test Environments - Al will help dynamically set up
test environments with the required specifications, significantly
saving cost and time.

7. NLP for Test Creation - Al-powered NLP will allow testers to
create and modify test scenarios, making it easy for non-technical
users to understand them.

9. Digital Twin Integration - Al will enhance the creation and
utilization of digital twins for loT testing, allowing for more
accurate simulations of real-world conditions and interactions
between devices.

Future Trends inAl Automated Testing

Increased Adoption of
Al-Driven Test Generation

Enhanced Test Automation
for Complex Systems

Al in Continuous Testing

Improved Test
Maintenance with Al

Integration of Al with
DevOps Practices

Focus on Ethical
Al Testing

Fig. 5 Future trends in Al IoT testing
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The above trends are expected to evolve over time and gradually address many of the challenges mentioned earlier in current loT testing
methodologies, which are summarized in Table 2. This will “left shift” the whole testing lifecycle and completely change how testing is

conducted for loT systems today.

Traditional loT Testing

Al-Enabled loT Testing

Manual creation based on

Test Case Generation .
predefined scenarios

Automated generation based on Al analysis of system behavior
and historical data

Limited by human operators and physical
Test Execution Speed y P Py

Rapid execution through Al-powered simulations

devices
Scalability Challenging to test large-scale deployments | Can easily simulate and test massive loT ecosystems
Adaptability Static test plans that require manual updates | Dynamic test scenarios that evolve based on real-time results

L . Comprehensive coverage including edge cases and unforeseen
Coverage Limited to anticipated use cases .
scenarios

High costs for physical . . .
Cost . Lower long-term costs through automation and simulation

devices and human resources
Predictive - - . . i . . .
Capabiliti Limited ability to predict future issues Advanced predictive modeling for potential future failures

apabilities

Real-time Analysis Post-test analysis of results

Real-time analysis and adaptation of test procedures

Based on Known vulnerabilities and attack

Security Testin
y 9 patterns

Can simulate and discover novel attack vectors

Consistency Variations due to human factors

High consistency in test execution and reporting

Table 2 - 10T vs. Al loT TESTING COMPARISON

X. CONCLUSION

Using the connected product validation framework, we have

tried to break down the existing loT system testing processes

and various associated challenges, how the test strategies evolve
across the product’s engineering life cycle, and the maturity of the
connected product itself. We have also highlighted possible areas
of testing that Al could impact in the future and various tools and
technologies that can help achieve it.

As loT continues to expand rapidly, traditional loT testing methods
find it challenging to keep pace with the complexity, scale,

and diversity of loT systems and the multitude of IoT devices,
applications, and different forms of connectivity between the

loT applications. Al offers a powerful solution to amplify and
accelerate loT testing, enabling more comprehensive, efficient,
and intelligent quality assurance processes.

We have seen that by working with powerful Al techniques like
ML, Predictive Analytics, Prompt Engineering and Reinforcement
Learning, organizations can dramatically improve test coverage

and automate test case generation and execution, thereby
reducing manual effort and achieving faster time-to-market. Al-
powered testing also enables continuous learning, improvements
and optimization, allowing test suites to evolve alongside loT
deployments.

While challenges remain in areas like building and training specific
Al models and interpretability, the potential benefits of Al in loT
testing are immense. Early adopters are already seeing significant
improvements in testing efficiency, defect detection rates and
overall product quality.

As loT becomes ubiquitous and mission-critical across industries
and time-to-market becomes non-negotiable, embracing Al-
driven testing approaches will be essential for organizations to
ensure the reliability, security, and performance of their connected
systems. Those who successfully integrate Al into their loT testing
strategies will be well-positioned to lead in the era of quantum
computing and deliver transformative loT solutions confidently.
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