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ABSTRACT

Recently, decentralized approaches to artificial intelligence (Al) development, such as federated learning are
drawing attention as Al development's cost and time inefficiency increase due to explosive data growth and rapid
environmental changes. Collaborative Al technology that dynamically organizes collaborative groups between
different agents to share data, knowledge, and experience and uses distributed resources to derive enhanced
knowledge and analysis models through collaborative learning to solve given problems is an alternative to
centralized Al. This article investigates and analyzes recent technologies and applications applicable to the

research of multi-agent collaboration of Al bots, which can provide collaborative Al functionality autonomously.
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Artificial Intelligence i

=]  Intelligent Robot

Embodied
Attifical Intelligence

Perceptions: Vision, Voice, etc.
Artificial Cogpition/Recognition
Intelligence Actions: Policy(what, when, where, how)

Knowledge: Symbolic or Neural types
‘|: - Egocentric information
Re: \phy al —
Analog Signals - =
el World Application

13 2 Al Bot HEx

Limited Resources and Data

Sensors: Information of real-time knowledge
Actuators/Effectors

- Electric Parts
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Skill1 Skill2  Skill3

Multi-bot Archi Al Bots Collak ion Archi e

Single Bot Architecture

«+ Single Skill
+ Fixed Multiple Knowledge

+ Multiple Bots with Skills
« Dispatching/Orchestration
+ Dynamic Configuration

+ Multiple Bots with Skills
* Collaboration/Sharing/Synergy
+ Dynamic Collaboration

£X Reproduced from [6].
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AGV Automated Guided Vehicle

Al Artificial Intelligence

BERT Bidirectional Encoder Representations
from Transformers

CLDE Centralized Learning & Decentralized
Execution

CNN Convolutional Neural Network

IMPALA  IMPortance weighted Actor-Learner
Architecture

IoT Internet of Things

LD Learning from Demonstration

LSTM Long Short-Term Memory

MAS Multi-Agent System

MRS Multi-Robot System

NLP Natural Language Processing

NLU Natural Language Understanding

pP2pP Peer-to-Peer

RL Reinforcement Learning

SAGA Swarm robotics for AGricultural
Applications

SLAM Simultaneous Localization And
Mapping

PDDL Planning Domain Definition

Language
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UAV Unmanned Aerial Vehicle
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