Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 45 No. 1 (2024)

Cognitive Cyber-Physical Systems: Fusing Human
Intelligence with Autonomous Agents

Prof. Anil Pandurang 2Prof. Kakpure Krutika Balram SProf. Ankur B Shukla
Gaikwad Assistant Professor Assistant Professor
Assistant Professor MCA Department Computer Science
MCA Department JSPM’s Jayawantrao Sawant Fergusson College
JSPM’s Jayawantrao Sawant College of Engineering Fc Road, Shivajinagar
College of Engineering Savitribai Phule Pune University Pune 411004
Savitribai Phule Pune Pune 411028 (M.S.) India (M.S))India
University krutika31.kakpure@gmail.com ankurbshukla@gmail.com

Pune 411028(M.S.) India
anilgaikwad2@gmail.com

Abstract:

Through an exhaustive survey of relevant scholarly works [15-26], this research explores the integration between
human thought processes and autonomous agents in Cognitive Cyber-Physical Systems (CPS). Some of the key
themes explored are: factors affecting situation awareness in self-driving cars, trends for industrial augmented reality
and how revolutionary will be the metaverse. All of this adds richness to the discussions about overcoming real-time
fault diagnosis challenges and how to make drone transportation systems secure, as well in edge intelligence, 5G and
blockchain being relevant for autonomous vehicles. This research outlines a model for human-autonomy interaction
modeling. By combining reinforcement learning and cognitive-aware autonomous agents, the adaptability can be
improved this way.

Keywords: Cognitive Cyber-Physical Systems, Human-Autonomy Interaction, Autonomous Agents, Reinforcement
Learning, Metaverse.

l. INTRODUCTION

CPS are a new paradigm of technology, one that integrates human intelligence with independently acting agents. But
as the whole world becomes more and more integrated, CPS is a frontier where human-machine synergy extends to
new heights of complexity [1]. The research focuses on "Cognitive Cyber-Physical Systems: Fusing Human
Intelligence with Autonomous Agents seeks to untangle the extremely complex relationship between human thought
and artificial intelligence within this constantly changing cyber-physical world. In modern society, CPS applications
find their way into smart cities and autonomous vehicles, as well as healthcare systems [2]. These developments
require a better grasp of how human intelligence can naturally combine with Kkiller machines. This research aims to
specify frameworks outlining the roles, duties, and communications between human operators with their artificially
intelligent counterparts. Seeking to realize the full potential of cognitive computing, this study aims at a human-
autonomy symbiosis in which humans and autonomous agents collaborate, each playing those roles for which they
are best suited according to their values and abilities [3]. Standing at the crossroads of technological creation and
cognitive science, this little dabble begins a journey into not only revolutionizing our very everyday understanding of
what is meant by cyber-physical systems but also discovering today's path toward paradise.

Aim and Objectives

Aims:

To research and develop human-aware autonomous agents for Cognitive Cyber-Physical Systems.

Objectives:
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e To develop comprehensive frameworks to describe the components and interactions of Cognitive Cyber-
Physical Systems.

e To develop means of effective human-autonomy interaction, such as interfaces and decision support systems.

to build cognitive models of human decision processes and incorporate them into autonomous agents.

e To research machine learning and adaptive algorithms and improve autonomous agents 'adaptability by
taking examples from human behavior.

II. NOTEWORTHY CONTRIBUTIONS IN THE FIELD

The study by Henry et al [15] shows us that there has been substantial progress in the field of autonomous system
research recently. The survey probes into intricate variables at work in autonomous vehicles that affect situation
awareness, offering a complete picture of benefits and hindrances to improving this vital part of autonomous systems.
Also, Voinea et al. have looked at emerging trends in industrial augmented reality (AR) [16]. The paper provides an
orientation by outlining major trends, applications and obstacles facing researchers and industry professionals within
the rapidly changing field of industrial AR. In production, Rheman et al. [17] provide a comprehensive review of
applications in the fields of additive and subtractive manufacturing processes. This paper summarizes existing
knowledge, points out the shortcomings and recommends directions for future research. It's a helpful tool for experts
in advanced manufacturing as well as industry practicing professionals Ibrahim Abaker et al. [18] discuss recent
advances, a taxonomy, and open research questions concerning urban computing for sustainable smart cities. This
paper builds a bridge between new technological developments and sustainable goals in the city, providing an
important ethnographic reference for researchers and urban planners. Yan et al. [19] review comprehensively various
methods of real-time fault diagnosis in industrial smart manufacturing. The paper systematizes and compares the
existing methods, participating in progress toward making smart manufacturing systems stable and effective. Biswas
& Hwang-Cheng [20] explore the coming together of loT, edge intelligence 5G and blockchain to underpin
autonomous vehicles. This paper proposes an all-rounded approach toward solving the problems of autonomy,
providing a blueprint for autonomous system design in future research and development. Shen et al.'s [21] bibliometric
analysis provides a global perspective of metaverse research and points to local differences. These quantitative
understandings of the global research landscape play a role in defining discourse about metaverse development. In
cybersecurity, Mazhar et. al use machine learning and blockchain methods to study cyberattacks on the smart grid
[22]. By taking this interdisciplinary approach, safeguarding critical infrastructure is reinforced. It provides a
foundation for future study of smart grid ecosystem protection. Inspecting and monitoring buildings and infrastructure
The systematic review of the role robots can play in this by Halder and Afsari is reported on at [23]. This
comprehensive assessment offers a glimpse of the rapidly changing scene for robotics applications in infrastructure
management. Bhattacharya et al. analyze the transformative possibilities of the metaverse across various industries
and their impact on specific sectors [24]. This metaverse-centered perspective presents a thought-provoking reference
for researchers and industrial players. Ajakwe et al. introduce the novel framework for Assisted Learning Invasive
Encroachment Neutralization named: Alien, in secured drone transportation systems--ALIEN hereafter [25]. This
framework is also significant to the safe and stable integration of drones into various fields, marking a new frontier in
autonomous systems. A: Turner et al.'s work on Industry 5.0 and the circular economy also stresses LCA with
intelligent products [26]. Incorporating the intelligent design of products with sustainable requirements, this paper
contributes to the discussion about how hyper-intelligent technologies and circular economy concepts might be
integrated into an industrial environment that is more conducive to sustainability.

I1l. PROPOSED METHODOLOGY

Fusing human intelligence in Cognitive Cyber-Physical Systems (CPS) is a beckoning new frontier for technology
research. Realizing this integration requires having an appropriate methodology, taking data acquisition both from
humans and autonomy interactions into account; and designing the human-autonomous interaction interfaces in a way
that considers faculties of cognition to produce cognitively aware autonomous agents who are trained via machine
learning [4]. Take ethics considerations as well as various forms of comprehensive validation process together steps
by step would be needed This is our suggested approach to dealing with these most important elements, where we
pass through each step in a comprehensive exploration of the research objectives.
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1. Data Acquisition and Preprocessing:

The methodology rests upon collecting various datasets that contain data on CPS environments, with human and
autonomous agent activities. Information from sensors, interactions with humans, and responses of the agent itself
will be collected into real-world data. Noise, outliers, and potential biases will be addressed to safeguard data quality
and consistency using preprocessing techniques [5]. Anonymization and privacy-preserving techniques will be
employed to deal with sensitive information. The data remains intact, while the individual's rights are protected.

2. Human-Autonomy Interaction Modeling:

Understanding how humans influence and interact with autonomous agents in CPS scenarios is therefore essential. In
order to explore the subtleties of how people and autonomy interact, human factors research methodologies will be
utilized [6]. Cognitive models, based on psychological and cognitive science theories to reflect accurately how human
beings make decisions. Using machine learning techniques, we will model dynamic human preferences and decision
patterns in various contexts to establish a practical framework for joint action.

3. Interface Design and Decision Support Systems:

In particular, easy-to-use man machine interfaces and decision support systems are needed for strong communications
between humans and autonomous agents. The design process will concentrate on creating interfaces which provide
responses to the state of system, actions it takes and suggestions for where to go next. Systems for decision support,
using cognitive models, will make human operators more aware of the situation and better at making decisions [7].
Interface designs will be refined through usability tests and iterative user feedback sessions, creating the best possible
experience for users.

4. Cognitive-Aware Autonomous Agents:

If cognitive models formed from human cognition research are integrated into the decision-making processes of
autonomous agents, then these will be able to demonstrate rational and even cognitive-aware behavior. Such
algorithms for reinforcement learning will be utilized, enabling agents operating autonomously to refine their own
strategies throughout this process of continuous learning and adaptation [8]. The idea is to endow autonomous agents
with the responsiveness and adaptability of human intelligence.

5. Machine Learning and Adaptive Algorithms:

High-level Al procedures will assume a crucial part in improving the flexibility of independent specialists. Managed
and solo learning calculations will be investigated to empower specialists to gain from authentic information, while
abnormality location calculations will help recognize and answer unforeseen circumstances. Support learning
approaches will be explored to guarantee constant improvement, permitting independent specialists to streamline their
conduct over the long run in light of advancing CPS elements.

6. Ethical Considerations and Bias Mitigation:

As the coordination of human knowledge with independent specialists unfurls, moral contemplations and inclination
moderation become basic parts. Exhaustive moral audits and evaluations will be led, tending to expected cultural
effects and guaranteeing the capable sending of mental frameworks [9]. To find and correct biases in the data and
decision-making processes, fairness-aware machine learning methods will be used. Straightforward correspondence
channels with partners will be laid out to address concerns connected with protection, security, and the moral
utilization of information in CPS.

7. Validation and Evaluation:

The proposed strategy will finish in a complete approval and assessment process. Broad reenactments and true tests
will be led to survey the adequacy and execution of the coordinated framework [10]. Quantitative measurements,
including exactness, productivity, and client fulfillment, will be utilized to assess the exhibition of human-
independence joint effort. Subjective input through client meetings and studies will supplement the quantitative
investigation, giving bits of knowledge into the apparent ease of use and acknowledgment of the coordinated mental
frameworks.
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Reinforcement Learning for Autonomous Agents

A powerful method for teaching autonomous agents to make sequential decisions in dynamic environments is
reinforcement learning (RL). RL can be used in Cognitive Cyber-Physical Systems to give autonomous agents the
ability to change over time and learn from human behavior.

- Policy:
7(a|s) = Pltake action a in state s]

° Value Function (for state s):

V (s) = E[total return | starting from state s|
° Q-function (for state s and action a):

Q(s,a) = E[total return | starting from state s, taking action al

Initialize Q-function arbitrarily
Repeat for each episode:
Initialize state
Repeat for each time step:
Select action using an exploration strategy (e.g., epsilon-greedy)
Take selected action, observe reward and next state
Update Q-function based on the observed reward and the next state
Move to the next state
until the end of the episode

Decision Support System for Human Operators

A Decision Support System (DSS) is intended to help human administrators in settling on informed choices inside the
Mental Digital Actual Framework [11]. This algorithm makes recommendations based on the integration of the
insights of autonomous agents and makes use of cognitive models to comprehend human decision-making processes.

Cy = f(Di1, 4, &)

Here, f is a function representing the cognitive model, D;_; is the previous decision,

A, is the input from the autonomous agent, and ¢; is the cognitive noise.

Initialize cognitive model parameters
Repeat for each decision point:
Obtain input from autonomous agent (A_t)
Retrieve previous decision (D_{t-1})
Incorporate cognitive model to update cognitive state (C_t)
Use C_t to generate decision recommendations
Present recommendations to the human operator

Key Concepts and
Algorithm Technical Terms
- Key Concepts: The
General Framework:
Policy Optimization,
Exploration-
Exploitation,
Rewards<br> -
Technichal Terms: Q-
learning; Markov
Decision Process (MDP),
StateAction Value
Function
Description: An
adaptive learning
capability in  which
Reinforcement agents optimize decision
Learning making by receiving
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rewards for actions taken
within an environment.

Cognitive
Model

Interaction

- Key Concepts:
Information Flow
HUMAN-AUTONOMY
COLLABORATION,
COGNITIVE STATES
Technical Terms:
A_{t}=Decision Inputs;
D { t1}=Previous
Decision; eo=Cognitive
Noise

T
)<br>- Description: A
model of human-
autonomy interaction

dynamics incorporating
decision inputs, previous
decisions and cognitive
noise.

Decision
System

Support

- Key Concepts:
Training Data,Pattern
Recognition.  Technical
Terms: Classification
Regression Feature
Extraction- Description:
One method of learning
involves the training of
algorithms on data that
has been pre-labelled
(thereby recognized
patterns) so they can
make predictions  or
decisions.
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Supervised Learning

- Key Concepts:
Training Data, Feature
Extraction-Classification
and Regression.
Description: A kind of
learning in which
algorithms are trained on
labeled data to predict or
decide things based on
recognized patterns.

Unsupervised Learning

- Key Concepts:
Clustering,
Dimensionality
Reduction and Outlier
Detection<br>-
Technical Terms:
Pattern Discovery;
Anomaly Identification.
Description: Algorithms
paging through data that
are untagged in advance,
conceiving entirely on
their own the patterns,
clusters, or anomalies.

IV. EXPECTED OUTCOME OF THE PROPOSED WORK

The proposed research can be completed, all dimensions of CPS will have taken a giant leap forward. Therefore this
work seeks to combine human understanding with autonomous experts, forming a collaborative effort that transcends
local limitations [12]. The multifaceted expected outcomes include the creation of frameworks, models, and

algorithms that will facilitate the seamless integration of human intelligence with autonomous entities in CPS.

1. Human-Autonomy Interaction Framework:

The development of a robust Human-Autonomy Interaction Framework is one of the primary anticipated outcomes.
This system will act as an exhaustive aide, depicting the fundamental parts, complex connections, and characterized
jobs of both human administrators and independent specialists inside CPS [13]. By giving an organized diagram, this
structure intends to work with the plan of frameworks that influence human insight successfully to increase the

capacities of independent elements.

£ . L

7 Figure 1: Human Cyber Physical g)fs,fe;nl
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2. Human-Autonomy Interaction Modeling:

A foundation of the examination lies in the improvement of refined models that unpredictably catch the subtleties of
human-independence cooperation. Utilizing human variables research systems, the point is to acquire a profound
comprehension of how people collaborate with independent specialists in differing CPS situations [14]. Mental
models, motivated by mental and mental science speculations, will be made to precisely address the diverse ideas of
human dynamic cycles.

Ci = f(Dt—let: E:)

3. Interface Design and Decision Support Systems:
The proposed research envisions the creation of user-friendly interfaces and decision support systems. These interfaces
will move beyond traditional user interaction, offering feedback about the conditions of system elements; actions
taken by users themselves and their machines alike; as well as suggestions based on information gathered through
observation [27]. Riding the cutting edge of cognitive models, decision support systems will be in an excellent position
to help human operators elevate their situational awareness and capability for decisions.

emergent collective
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focal behaviour
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Figure 2: Cognitive Intelligence with Autonomous Agents

4. Cognitive-Aware Autonomous Agents:

The integration of the cognitive capabilities into autonomous agents is an important milestone for them. This lived
intended to give the autonomous agents a capacity for adaptability, allowing them over time gradually to model human
behavior. It involves introducing cognitive models into the decision-making procedures of self-directed agents,
making them more responsive and adaptable [28]. Reinforcement learning algorithms will provide a basis for
continuous learning, and agents can adapt their strategies to different dynamic CPS environments.

Initialize Q-function arbitrarily
Repeat for each episode:
Initialize state
Repeat for each time step:
Select action using an exploration strategy (e.g., epsilon-greedy)
Take selected action, observe reward and next state
Update Q-function based on the observed reward and the next state
Move to the next state
Until the end of the episode

5. Machine Learning and Adaptive Algorithms:

With the application of advanced machine learning techniques, autonomous agents will be made more adaptable. The
research will explore supervised and unsupervised learning algorithms, letting agents learn from history. Robust
performance in dynamic CPS environments will be achieved as anomaly detection algorithms are used to sense and
act quickly when the situation is not normal.
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Figure 3: Intrusion Detection In CPS Environment

6. Ethical Considerations and Bias Mitigation:

This research also warns us that human intelligence and autonomous agents increasingly are coming together, making
ethical concerns and bias correction of the greatest importance. Thorough ethic reviews and evaluations of cognitive
systems will precede their responsible use [29]. About ethical technologies, CPS will also carry out fairness-aware
machine learning work that links quality and honesty with data as well as decision-making.

Human
Cognitive Cognitive
Reliability | Security
Faults . Attacks
CPS CPS
Reliability Security

Cyber-Physical Systems
Figure 4: Fusing Human Intelligence with Autonomous Agents

7. Validation and Evaluation:

The proposed approach will culminate in a full validation and evaluation. A large number of simulations and actual
tests will be used to assess performance and effectiveness in integrated systems. The effectiveness of human-
autonomous cooperation will be gauged by quantitative indicators such as accuracy, efficiency and er-user satisfaction
[30]. User interviews and surveys aimed at qualitative feedback should provide insights into how acceptable the
integrated cognitive systems are perceived to be.

V. CONCLUSION AND FUTURE WORK

To conclude, the combination of human intelligence with autonomous agents in Cognitive Cyber-Physical Systems
(CPS) means that there is a sea change which will have far reaching consequences for many areas. This research,
drawing on many academic studies [15-26], has revealed the complexities of such integration. It points out factors
contributing to situation awareness in autonomous vehicles; traces developments in industrial augmented reality and
their impact upon companies' competitive positioning; and explores elements transformative within a metaverse world
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constructed by humanity itself. The research has used systematic and comprehensive reviews to tackle the problems
of real-time fault diagnosis in smart manufacturing, proposed various architectures for securing drone transport
systems, looked at how different technologies are converging allowing us actually have autonomous vehicles.
Worthwhile research contributions also include the development of a framework for discussing Al ethical aspects in
additive manufacturing, bibliometric analysis on metaverse research trends and critical assessment concerning cyber
security threats to smart grids. All of these contributions have been synthesized, making possible a broad framework
for model construction with human-autonomy interaction modeling; adaptive algorithm design; and decision support
system (DSS) implementation. The proposed methodologies, based on reinforcement learning and cognitive-aware
autonomous agents, are poised to revolutionize the capabilities of CPS. A new age requiring adaptability as well as
intelligence will soon be upon us.

FUTURE WORK

For future work, there are many things to explore. Cognitive models need further refining, explainable Al techniques
must be integrated and decision support systems strengthened. By integrating sophisticated machine-learning concepts
with a richer model of human decision making, we can improve the adaptation abilities of autonomous agents. At the
same time, there are also other considerations-ethical questions and forming fair algorithms for decision making.
Looking to the future, there is promise at this crossroads of CPS and technologies still in their infancy such as
metaverses, blockchains or edge computing. Such systems will need to be designed in order that they can
autonomously deal with the complexity of such technologies. We should value interdisciplinary collaboration also,
including what we can learn from psychology, sociology and ethics. In sum, the future direction which is intended to
develop does not limit itself merely in terms of technical developments but involves an entire concept encompassing
all angles related to this cooperation between human and CPS from a scientific perspective, including social issues as
well. These contributions are the prelude to some stirring time indeed: this area is poised for such innovations that
will turn everything we thought about Cognitive Cyber-Physical Systems on its head.
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