
AI-Based Platform for Material Property Recognition  

in Robotics and Smart Prosthetic Arms 
 

The Artificial Intelligence (AI) Platform for Material Property Recognition is an advanced system and 

technology designed to enhance the capability of intelligent robots and prosthetic arms' to recognize 

and assess objects' hardness upon contact. This system consists of three essential components:   

1. Tactile Sensors – Designed to detect an object's pressure, vibrations, and surface characteristics 

in real time.   

2. AI Processing Unit – Embedded within a microcontroller or processor chip, functioning as the 

system's "brain" to process sensor data and classify material hardness.   

3. Display and Communication Module – Responsible for displaying the measured hardness 

value or transmitting object classification data to the robotic arm or prosthetic limb base.   

The primary objective of this innovation is to address the limitations of robotic and prosthetic 

hands, which traditionally lack a sensory feedback system comparable to the human hand. Integrating 

AI-driven material property recognition enables robots and prosthetic devices to adjust their grip 

strength appropriately based on the characteristics of the object, thereby minimizing potential damage 

and improving overall efficiency in daily applications and industrial environments.   

 

Technological Development  

This system incorporates multi-sensor fusion technology and time-series data transformation 

using Gramian Angular Field (GAF) and Markov Transition Field (MTF) to encode time-series sensor 

data into images for AI processing. A deep convolutional neural network (DCNN) is utilized to analyze 

and classify objects' hardness with high precision. The AI model is trained using diverse datasets 

containing material hardness values, ensuring robust and accurate recognition.   

The AI processing unit is embedded within the computational core, the microcontroller, or the 

processor chip. This chip processes tactile sensor data and applies AI-based models to control the 

gripping force of the robotic hand or prosthetic limb in real-time. The system is engineered for high-

speed execution, allowing immediate responses to varying tactile forces, making it highly effective for 

applications requiring precision, such as handling fragile objects or operating in complex 

environments.   

Performance evaluations indicate that this AI platform achieves an accuracy rate exceeding 90% 

in material hardness recognition, demonstrating its potential for practical deployment in various real-

world scenarios.   

Key Features of the Innovation  

1. Advanced Sensor Integration and Signal Processing – Combines multi-sensor data fusion with 

time-series data transformation into images via Gramian Angular Field (GAF) and Markov Transition 

Field (MTF for enhanced AI processing.   

2. Real-Time AI Processing Unit – A highly optimized AI system embedded within a 

microcontroller or processor chip, enabling real-time operations.   

3. Hardness Display and Communication System – Provides real-time feedback on object 

hardness or transmits the force and material classification data to the robotic arm's base for adaptive 

response.   



(1) (2)

(3)

 
 

Beneficiaries and Potential Applications  

This innovation holds significant value for multiple industries, including robotics, medical 

prosthetics, and AI research, with applications such as:   

1. Adaptive Robotic Control Systems – Enhancing robotic and prosthetic hand functionality by 

enabling real-time grip force adjustments based on detected material hardness.   

2. Haptic Feedback Systems – Transmitting sensory feedback to users via vibrations or 

mechanical pressure, allowing them to perceive object hardness through tactile responses.   

3. Neural Interface Systems – Directly interfacing with the human nervous system to convey 

sensory information to the brain, providing enhanced perceptual awareness for prosthetic users.   

This AI-powered platform represents a breakthrough in robotic sensory perception, enabling 

intelligent hands to interact with objects more naturally and effectively. Its high accuracy, real -time 

processing capability, and adaptability for multiple applications make it a pioneering innovation in 

robotics, prosthetics, and AI-driven material recognition. 


