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1. Title: Advanced General-Purpose Robotic Intelligence System with Enhanced
Adaptability and Real-Time Learning

2. Prior Art

3. Published Patents and Patent Applications

4. US Patent 10,787,556 B2 - "*Adaptive Learning and Control in Robotics™ This patent
describes a robotic system that employs adaptive learning algorithms to enhance real-
time performance in dynamic environments. The system includes an adaptive learning
module that utilizes reinforcement learning to improve task execution. It does not address
multi-environment adaptability or advanced human-robot interaction.

5. US Patent 10,256,114 B2 - ""Context-Aware Robotic Control System' This patent
focuses on a framework for robotic systems to adapt to various environments using
contextual awareness algorithms. While it includes aspects of environmental adaptability,
it lacks continuous learning capabilities and advanced NLP-based human-robot
interaction.

6. US Patent 9,960,576 B2 - ""Modular Integration System for Robotics™ This patent
discusses a system designed for integrating various robotic platforms using modular
hardware and software architecture. The system is flexible but does not integrate real-
time learning or enhanced interaction technologies.

7. Non-Patent Literature

8. "Enhancing Robotic Adaptability: Integrating Unsupervised Trajectory
Segmentation and Conditional ProMPs'* (2024) This paper presents a framework that

integrates unsupervised trajectory segmentation with adaptive probabilistic movement
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primitives (ProMPs) to enhance robotic learning efficiency and adaptability in dynamic
environments. It employs deep learning architectures to autonomously adjust motion
trajectories, significantly enhancing flexibility and reducing computational overhead
(ar5iv).

"Reinforcement Learning in Robotics: Applications and Real-World Challenges™
(2023) This article reviews the state-of-the-art in reinforcement learning for robotics,
highlighting various challenges and applications. It discusses different policy
representations for tasks such as pancake flipping, bipedal walking, and archery,
emphasizing the adaptability and learning capabilities of modern robotic systems
(MDPI).

"Towards Real-World Force-Sensitive Robotic Assembly through Deep
Reinforcement Learning'* (2022) This paper examines the application of deep
reinforcement learning in manufacturing, specifically for force-sensitive robotic
assembly. It demonstrates how deep learning can automate the process and improve
adaptability under dynamically changing conditions (ar5iv).

Public Use or Sale

There is no known public use or sale of a robotic system that integrates continuous real-
time learning, multi-environment adaptability, enhanced human-robot interaction, and
scalable hardware integration as described in the proposed invention.

Prior Public Disclosure

Presentation at the International Conference on Robotics and Automation, 2022 A

presentation titled "Adaptive Robotic Systems for Dynamic Environments™ discussed



Name of Inventor: Robert V. Salinas
Title: Advanced General-Purpose Robotic Intelligence System with Enhanced Adaptability and Real-
Time Learning

15.

16.

17.

18.

19.

20.

21.

22.

23.

frameworks for robotic adaptability but did not combine real-time learning with advanced
NLP and multi-environment operation.

Webinar on Advanced Robotics, 2023 This webinar covered recent developments in
robotic adaptability and interaction but did not disclose a comprehensive system
integrating all the proposed features.

Analysis

The proposed invention is distinguished from the prior art in several key aspects:
Continuous Learning and Real-Time Adaptability: Unlike existing systems that rely
on pre-programmed behaviors, the proposed invention employs advanced machine
learning algorithms (reinforcement learning, deep learning, transfer learning) for real-
time adaptability and continuous improvement.

Multi-Environment Adaptability: The invention's multi-environment interaction
framework enables seamless operation across industrial, domestic, and outdoor settings,
utilizing sensor fusion and contextual awareness algorithms.

Enhanced Human-Robot Interaction: The system features advanced NLP and gesture
recognition technologies, enhancing the efficiency of human-robot collaboration.
Hardware Scalability: The modular architecture supports integration with various
robotic platforms, ensuring flexibility and scalability.

Technical Field:

The present invention relates to artificial intelligence and robotics, specifically to a

system that enhances general-purpose robotic intelligence through advanced machine
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learning algorithms, real-time adaptability, and multi-environmental interaction
capabilities.

Background of the Invention:

Existing robotic systems are designed to provide robust performance across various
environments using scalable machine learning algorithms. However, these systems face
challenges in real-time adaptability, multi-task learning, and efficient human-robot
interaction. There is a need for an advanced system that can seamlessly integrate with
various hardware, learn in real-time, and adapt to dynamic environments more
effectively.

Summary of the Invention:

The invention is an advanced general-purpose robotic intelligence system comprising:
Adaptive Learning Module: Utilizes continuous learning algorithms that allow the robot
to adapt to new tasks and environments in real-time.

Multi-Environment Interaction Framework: Enables seamless transition and operation
across diverse settings, including industrial, domestic, and outdoor environments.
Enhanced Human-Robot Interaction Interface: Incorporates natural language
processing and intuitive control mechanisms to facilitate more efficient human-robot
collaboration.

Scalable Hardware Integration: Supports integration with a wide range of robotic
hardware platforms, ensuring flexibility and scalability.

Brief Description of the Drawings
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Fig. 1: Illustrates the Overall System Architecture (101) of the Advanced General-
Purpose Robotic Intelligence System.

Explanation of Each Element

CPU (Central Processing Unit) (102): The CPU is the core of the system, processing all
data and coordinating the actions of the other components. It integrates inputs from
sensors, processes them, and sends commands to actuators.

Adaptive Learning Module (103): This module continuously learns from the system's
interactions and adapts its behavior in real-time. It processes data from the CPU and
adjusts the system's algorithms accordingly. Arrows between this module and the CPU
indicate data flow.

Multi-Environment Sensors (104): These sensors gather data from the surrounding
environment, which is crucial for the system to understand and adapt to different settings.
They provide real-time inputs to the CPU. Arrows from each sensor to the CPU show
data collection.

Human-Robot Interface (105): This interface allows users to interact with the system
using natural language and gestures, making it more intuitive and efficient. It sends user
commands and receives feedback from the CPU. Arrows between this interface and the
CPU indicate interaction.

Robotic Actuators (106): Actuators are the physical components that perform actions
based on the CPU's commands. They execute tasks such as movement, manipulation, and

interaction with objects. Arrows from the CPU to each actuator show command flow.
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Communication Module (107): This module facilitates data exchange between the
system components and external devices or networks. It ensures seamless integration and
communication within the system. Arrows between this module and the CPU and other
components indicate data exchange.
Arrows: indicates data exchange.
Fig. 2: Depicts the Adaptive Learning Module (201), highlighting its continuous
learning algorithms and real-time adaptability.
Explanation of Each Element
Adaptive Learning Unit (202)
Input Data Interface (203): This interface collects data from sensors and other system
components, feeding it into the Adaptive Learning Module for processing.
Data Preprocessing Unit (204): This unit converts raw data into a format suitable for the
learning algorithms, ensuring efficient and accurate processing.
Learning Algorithms:
o Reinforcement Learning (205): Algorithms that learn optimal actions through
trial and error based on feedback from the environment.
o Deep Learning (206): Neural network-based algorithms that model complex
patterns and features in the data.
o Transfer Learning (207): Techniques that apply knowledge gained from one
task to improve learning in a related but different task.
Knowledge Base (208): A storage repository for models and data learned by the system,

which can be accessed and updated by the learning algorithms.
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Bi-directional Arrows between elements indicate a continuous loop that updates the
learning algorithms based on new data, ensuring the system adapts in real-time.

Output to CPU: The final processed data and learning outcomes are sent to the CPU
(209) for decision-making and control actions.

Fig. 3: Shows the Multi-Environment Interaction Framework (301), demonstrating its
sensor fusion and contextual awareness capabilities.

Explanation of Each Element

Multi-Environmental Interaction Framework (302)

Environment Sensors (303): Collect data from different types of environments
(industrial, domestic, outdoor) to provide real-time information about the surroundings.
Sensor Fusion Unit (304): Combines data from various sensors to create a
comprehensive understanding of the environment. It ensures that all relevant data is
integrated for accurate analysis.

Contextual Awareness Module (305): Analyzes the fused data to understand the context
and specific environment in which the system operates. This includes identifying
potential hazards, obstacles, and relevant environmental features.

Navigation Module (306): Utilizes contextual data to navigate through the environment
efficiently. It ensures the system can move and operate within the given space without
collisions or errors.

Object Recognition System (307): Identifies and classifies objects within the
environment. This is crucial for task execution, as the system needs to recognize objects

to interact with them correctly.
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Task Execution Unit (308): Executes tasks based on the recognized objects and
navigation data. It performs the necessary actions to complete tasks within the
environment.

Communication Interface (309): Facilitates communication between the Multi-
Environment Interaction Framework and other system components. It ensures data flow
and coordination across the entire system.

Arrows indicate flow of data.

Fig. 4: Represents the Enhanced Human-Robot Interaction Interface (401), including
natural language processing and gesture recognition technologies.

Explanation of Each Element and Connections

Enhanced Human-Robot Interaction Interface (402)

Natural Language Processing (NLP) Module (403): This module processes spoken and
written language from users. It connects to the User Interface Dashboard with a one-way
arrow indicating that processed language data is sent to the dashboard.

Gesture Recognition System (404): This system interprets human gestures. It connects
to the User Interface Dashboard with a one-way arrow indicating that interpreted gesture
data is sent to the dashboard.

User Interface Dashboard (405): A graphical interface where users interact with the
system. It connects to the Feedback Display with a one-way arrow indicating that user

commands and inputs are displayed.
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Feedback Display (406): Shows system responses and feedback to user inputs. It
connects back to the User Interface Dashboard with a one-way arrow indicating feedback
flow.

Data Exchange with CPU (407): A bi-directional arrow from the interface to the CPU
indicates that the interface sends user commands and receives system responses.

Fig. 5: Details the Scalable Hardware Integration (501), showcasing the system's
modular architecture and compatibility with various robotic platforms.

Explanation of Each Element and Connections

Scalable Hardware Integration (502)

Central Processing Unit (CPU) (503): The main control unit that processes data and
manages the system's operations. It connects to each hardware module using standardized
communication protocols.

Modular Hardware Components (504): Various hardware modules that can be
integrated into the system. Each module is connected to the CPU via standardized
communication protocols.

Standardized Communication Protocols: These lines ensure compatibility and enable
communication between the CPU and the hardware modules.

Interface Connectors (505): Physical connectors that allow the hardware modules to
interface with the CPU. They are represented at the connection points.

Data Exchange with CPU (506): A bi-directional arrow indicating that data flows both
to and from the CPU, ensuring continuous communication and control.

Detailed Description of the Invention:
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The invention described herein pertains to an advanced general-purpose robotic
intelligence system designed to enhance adaptability, real-time learning, and multi-
environmental interaction capabilities. This system leverages state-of-the-art machine
learning algorithms and advanced hardware integration to provide a robust solution for
various robotic applications.

Best Mode

The best mode for carrying out this invention involves integrating continuous learning
algorithms, a multi-environment interaction framework, an enhanced human-robot
interaction interface, and scalable hardware components. These elements work together
to ensure that the robot can learn and adapt in real-time, interact seamlessly across
different environments, and be easily integrated with various hardware platforms.
Embodiments

Adaptive Learning Module:

Description: This module employs advanced machine learning techniques such as
reinforcement learning, deep learning, and transfer learning. It allows the robot to
continuously learn from its experiences, improving its performance over time. These
algorithms are designed to function optimally in diverse and dynamic environments,
providing the robot with the ability to handle unforeseen challenges efficiently.
Operation: The module processes input data from various sensors, preprocesses it, and
feeds it into learning algorithms. The learned data is stored in a knowledge base and

continuously updated through a real-time feedback loop.

10
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Multi-Environment Interaction Framework:

Description: The framework uses sensor fusion and contextual awareness algorithms to
enable the robot to understand and adapt to different environments. It includes modules
for navigation, object recognition, and task execution tailored to each environment.
Operation: Sensors collect environmental data, which is then fused and analyzed for
contextual understanding. The robot navigates and interacts with the environment based
on this contextual data, executing tasks efficiently.

Enhanced Human-Robot Interaction Interface:

Description: This interface leverages advanced natural language processing (NLP) and
gesture recognition technologies. It includes a user-friendly dashboard for monitoring and
controlling the robot's actions, making it accessible to non-experts.

Operation: The interface processes user inputs (spoken, written, and gestures) and
translates them into commands for the robot. It also provides feedback to the user,
enhancing the interaction experience.

Scalable Hardware Integration:

Description: The system is designed to be compatible with various robotic platforms,
from mobile manipulators to fixed industrial robots. It uses standardized communication
protocols and modular software architecture to ensure seamless integration.

Operation: Hardware modules can be easily connected to the system via interface
connectors, and communication is managed through standardized protocols, ensuring
flexibility and scalability.

Terminology and Definitions

11
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Reinforcement Learning: A type of machine learning where an agent learns to make
decisions by taking actions in an environment to maximize cumulative reward.

Deep Learning: A subset of machine learning that uses neural networks with many
layers to model complex patterns in data.

Transfer Learning: A machine learning method where knowledge gained in one task is
applied to improve learning in a related task.

Sensor Fusion: The process of integrating data from multiple sensors to produce more
accurate and reliable information.

Contextual Awareness: The ability of a system to understand the context of its operation
and adapt accordingly.

Function and Operation

The invention functions as an integrated system where each module collaborates to
enhance the robot's capabilities:

Adaptive Learning Module: Continuously improves the robot's performance by learning
from its interactions with the environment.

Multi-Environment Interaction Framework: Ensures seamless operation across
different environments by understanding and adapting to various contexts.

Enhanced Human-Robot Interaction Interface: Facilitates efficient and intuitive
interaction between humans and robots.

Scalable Hardware Integration: Allows for easy expansion and customization of the
robot's hardware components.

Advantages and Improvements

12
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The proposed invention offers significant advancements over existing systems, including:
Continuous Learning and Real-Time Adaptability: Unlike systems that rely on pre-
programmed behaviors, this invention learns and adapts in real-time using advanced
machine learning algorithms.

Multi-Environment Adaptability: The system operates seamlessly across industrial,
domestic, and outdoor environments through sensor fusion and contextual awareness.
Enhanced Interaction Technologies: The integration of NLP and gesture recognition
improves the efficiency of human-robot collaboration.

Hardware Scalability: The modular architecture ensures flexibility and scalability,
allowing the system to be deployed in a wide range of applications.

Alternative Configurations

Various configurations of the invention can be implemented to suit specific needs:
Alternative Learning Algorithms: Different machine learning algorithms can be used
depending on the application requirements.

Customized Sensor Arrays: The type and number of sensors can be customized for
specific environments.

Interface Modifications: The human-robot interaction interface can be adapted to
include additional input methods or feedback mechanisms.

Hardware Variations: The system can be integrated with different types of robotic
platforms, including aerial, aquatic, and terrestrial robots.

Detailed Examples

Example 1: Industrial Application

13
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Setup: The robot is deployed in a manufacturing environment.

Operation: Using sensor fusion, the robot navigates the factory floor, identifying and
manipulating objects to assemble products. The adaptive learning module continuously
improves its efficiency and accuracy.

Example 2: Domestic Application

Setup: The robot is used in a household setting.

Operation: The robot assists with daily chores such as cleaning and organizing. It
interacts with family members using natural language processing and gesture recognition,
adapting to their preferences over time.

Example 3: Outdoor Application

Setup: The robot is employed in an agricultural environment.

Operation: Equipped with environmental sensors, the robot monitors crop health and soil
conditions. It uses contextual awareness to navigate the fields and perform tasks such as
planting and harvesting.

Conclusion: The proposed invention offers significant advancements in real-time
learning, adaptability, and human-robot interaction, providing a more comprehensive and

flexible solution compared to existing systems.

14
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Claims:

1. A general-purpose robotic intelligence system comprising an adaptive learning module
for continuous learning and real-time adaptability.

2. The system of claim 1, further comprising a multi-environment interaction framework for
seamless operation across diverse settings.

3. The system of claim 1, further comprising an enhanced human-robot interaction interface
for efficient collaboration.

4. The system of claim 1, further comprising scalable hardware integration for compatibility
with various robotic platforms.

5. The adaptive learning module of claim 1, wherein the module uses reinforcement
learning, deep learning, and transfer learning algorithms.

6. The multi-environment interaction framework of claim 2, wherein the framework utilizes
sensor fusion and contextual awareness algorithms.

7. The enhanced human-robot interaction interface of claim 3, wherein the interface
includes natural language processing and gesture recognition technologies.

8. The scalable hardware integration of claim 4, wherein the integration uses standardized

communication protocols and modular software architecture.

15
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Abstract
1. An advanced general-purpose robotic intelligence system designed for enhanced
adaptability, real-time learning, and efficient human-robot interaction. The system
integrates continuous learning algorithms, a multi-environment interaction framework,
natural language processing, and scalable hardware integration to provide a superior

solution for various robotic applications.

16
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