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Abstract 
Artificial Intelligence (AI) has evolved beyond conventional algorithmic design, moving toward brain-

inspired models that emulate human cognition and neural mechanisms. This research explores the 

interdisciplinary connection between neuroscience and AI, focusing on how biological understanding of the 

brain inspires the development of advanced computational systems. Brain-inspired computing aims to 

replicate the efficiency, adaptability, and parallel processing capabilities of the human brain through neural 

networks, neuromorphic chips, and spiking neuron models. By combining insights from neuroscience, 

computer science, and cognitive psychology, brain-inspired AI offers transformative potential for 

applications such as autonomous systems, robotics, and cognitive computing. This paper highlights the 

current progress, challenges, and future directions of brain-inspired technologies and their pivotal role in 

shaping the next generation of intelligent and energy-efficient computing systems. 
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Introduction 

The relationship between neuroscience and 

artificial intelligence has grown increasingly 

symbiotic in recent decades. While neuroscience 

seeks to understand the structure and functioning of 

the human brain, artificial intelligence aspires to 

simulate similar mechanisms of perception, 

learning, and reasoning in machines. Brain-inspired 

computing, a rapidly emerging field, merges these 

disciplines to create intelligent systems modeled on 

biological principles of neural activity. 

 

 
        

Traditional computing systems, based on the Von 

Neumann architecture, face limitations in 

scalability, adaptability, and energy efficiency 

when dealing with complex data and real-time 

learning. In contrast, the human brain performs 

billions of computations simultaneously, consumes 

minimal energy, and adapts dynamically to new 

information. Inspired by this biological efficiency, 

researchers have developed neuromorphic 

architectures and algorithms that mimic neural 

firing patterns, synaptic plasticity, and cognitive 

processes. This interdisciplinary integration of 

neuroscience, computer science, and cognitive 

psychology has led to significant advancements in 

deep learning, neural network optimization, and 

hardware innovations such as IBM TrueNorth, Intel 

Loihi, and SpiNNaker. These developments are 

pushing the boundaries of artificial cognition, 

enabling machines to think, adapt, and learn more 

like the human brain. 

The purpose of this research is to examine the role 

of brain-inspired computing as a bridge between 

neuroscience and AI, to analyze its current 

achievements, and to explore how it will shape 

future technologies in areas such as robotics, 

autonomous systems, and human–computer 

interaction. 
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Review of Literature 

Previous studies highlight that artificial neural 

networks (ANNs) were originally inspired by 

biological neurons. McCulloch and Pitts (1943) 

first modeled neuron behavior mathematically, 

laying the foundation for connectionist AI. Later, 

the rise of deep learning and convolutional neural 

networks (LeCun et al., 1998) demonstrated the 

power of biologically inspired models in image and 

speech recognition. 

Recent works focus on neuromorphic computing , 

the hardware implementation of neural networks 

,designed to emulate the brain’s architecture. 

Projects like IBM’s TrueNorth and Intel’s Loihi 

employ event-driven spiking neurons to process 

data more efficiently. Similarly, SpiNNaker from 

the University of Manchester simulates millions of 

neurons in real time, offering a closer 

approximation of biological intelligence. 

Studies in cognitive neuroscience emphasize that 

understanding how the brain encodes information 

and learns can enhance machine learning 

algorithms. Cross-disciplinary research now aims to 

merge brain imaging, cognitive modeling, and AI 

to achieve human-like adaptability and reasoning in 

machines. 

Methodology 

This research employs a qualitative and analytical 

approach, combining insights from published 

literature, case studies, and current AI models 

inspired by neuroscience. The steps include: 

1. Data Collection: Reviewing scientific articles, 

white papers, and technology reports on 

neuromorphic computing and brain-inspired AI 

(2018–2025). 

2. Comparative Analysis: Evaluating differences 

between traditional AI and brain-inspired models in 

terms of efficiency, learning mechanisms, and 

adaptability. 

3. Technological Mapping: Identifying the 

interdisciplinary contributions of neuroscience, 

psychology, and computer engineering to AI 

development. 

4. Evaluation of Future Trends: Predicting how 

brain-inspired computing can transform future 

technologies in robotics, automation, and cognitive 

systems. 

Applications of Brain-Inspired AI 

Brain-inspired computing has diverse real-world 

applications across multiple fields: 

Autonomous Robotics: Neuromorphic processors 

enable robots to process sensory information like 

vision and touch in real time. 

Healthcare: Brain-inspired algorithms assist in 

neural mapping, diagnosis of neurological 

disorders, and development of brain–computer 

interfaces. 

Smart Devices: Neuromorphic chips make edge 

devices energy-efficient and capable of on-device 

learning. 

Cognitive Computing: Enhances human–computer 

interaction by integrating emotion recognition and 

adaptive responses. 

Cybersecurity: Mimics human pattern recognition 

for detecting anomalies and preventing cyber 

threats. 

Challenges and Future Scope 

Despite its promise, brain-inspired computing faces 

several challenges: 

Complexity of the Human Brain: Replicating 

billions of neurons and trillions of synapses 

remains computationally difficult. 

Hardware Limitations: Neuromorphic chips are still 

in early development and costly to scale. 

Standardization: Lack of unified frameworks for 

cross-disciplinary research slows progress. 

Ethical Considerations: Cognitive AI raises 

concerns about autonomy, decision-making, and 

data privacy. 

However, the future scope is vast. Integration of 

quantum computing, bioinformatics, and AI 

neuroscience could lead to more efficient learning 

systems. By simulating human brain adaptability, 

future AI systems may surpass current limitations 

in perception, reasoning, and emotional 

intelligence. 

Conclusion 

The convergence of neuroscience and artificial 

intelligence represents a revolutionary step in 

computing evolution. Brain-inspired computing not 

only deepens our understanding of intelligence but 

also opens new pathways for developing adaptive, 

efficient, and human-like machines. As AI 

continues to evolve, collaboration across disciplines 

including neuroscience, computer science, 

cognitive psychology, and engineering will be 

essential. The success of future technologies will 

depend on how effectively we replicate the brain’s 

architecture and cognitive processes in artificial 

systems. 
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