PART E – PROJECT DESCRIPTION

E1: AUTONOMOUS service ROBOTS IN a MULTI-AGENT BASED SYSTEM FOR HOUSEHOLD and industrial environments
E2: AIMS AND BACKGROUND

The aim of the project is to establish intelligent autonomous capabilities in service mobile robots to realize a cooperative capabilities in a multi-agent based system.  The research aims to investigate the fundamental issues associated with creating task planning methodologies by interpreting high level commands to a series of low level capabilities (realized in task primitives) in uncertain environment, and thus establish intelligent multi-agent based capabilities in a cooperative task.  These methodologies and formulations will be established, investigated and verified not only by simulation but also using the mobile robot research facility available in our research laboratory.  The specific aims of the project include:

· To investigate techniques in achieving higher level task specification and in interpreting high level (complex) command, e.g. a command in human-like language, to a series of lower level task primitives.

· To utilize, modify, and build upon existing localization, map-building, and navigation techniques to establish a robust control strategy that allows autonomous mobile robot control in uncertain and changing man-made environments.

· To investigate fundamental issues associated with multi-agent based systems.

· To establish a robust and integrated control strategy in the operation of a complex task in an intelligent manner through the cooperative behaviour of multi-agent system.

This proposal is concerned with the immediate and emerging industrial and service sector needs for autonomous service robots. The industry partner (FloorBotics) associated with this project has already identified a need in a variety of national and international industries for such intelligent autonomous systems. One potential application is industrial cleaning. Pharmaceutical companies and the high-tech industries operate super-clean factory environments. Currently spillages in these environments require human intervention. This involves stopping production for up to 48 hours while the air in the environment, contaminated by the human presence is replaced with clean air. Australian companies, investing in state-of-the art factories, require service robots which can both systematically clean these large spaces and also respond to requests for the quick clean up of spillages. Hospitals and other large public facilities have already demonstrated a demand for assistive cleaning and delivery service robots.

To fulfill the above-mentioned requirements, this project focuses on the realization of multi-robot operation within a finite horizon (indoor application, specifically household or domestic and industrial (factory) settings) to achieve a higher level complex task.  The challenges include human-robot and robot-robot interaction, task-oriented strategy in obtaining sensor information, sensor fusion, multi-robot task planning and scheduling, multi-robot motion planning, and robust motion control.

Motion control in a mobile robot consists of localisation, map-building and navigation which form the fundamental capabilities of a mobile robot to explore an environment, known or unknown, and to achieve a certain objective.  These fundamental capabilities are well-established for indoor applications.  In this project, these capabilities will be utilised and implemented upon existing systems.  Traditionally, localization and navigation of a mobile robot would assume the existence of pre-existing knowledge of the environment.  More recent research was directed towards solving the problem of localization and navigation in an unknown area while performing map-building.  The challenge in this effort lies in the fact that localization and navigation require the knowledge of the environment while map-building requires reliable localization capability.  This is commonly termed the Simultaneous Localisation And Map-building (SLAM) problem [1]

 REF _Ref100906708 \r \h 
 \* MERGEFORMAT [6]

 REF _Ref100906712 \r \h 
 \* MERGEFORMAT [10]

 REF _Ref100906010 \r \h 
 \* MERGEFORMAT [15] (with many variations), in which much of research effort in this area has been focused in the past decade.  Good reliable stochastic algorithms have been made available through these research efforts and this project intends to utilize these in order to facilitate our core research in multi-agent based intelligent autonomous system [3]

 REF _Ref100906780 \r \h 
 \* MERGEFORMAT [5]

 REF _Ref100907092 \r \h 
 \* MERGEFORMAT [30]. 

Multi-agent based system involves the use of multiple homogeneous or heterogeneous agents.  In this project, the mobile robots are utilized as the agents.  In a homogeneous system, multiple identical robots are fielded to perform the specified task, while in heterogeneous system, different classes of robots are fielded – each carrying its own types of sensors, capabilities, and roles.  Multi-agent based systems can also be classified into centralized and decentralized systems.  In a centralized system, processing of data from all other agents is performed by one individual that then distributes the information accordingly.  A decentralized system does not have a central processing agent, but each agent communicates with each other locally.  In an explorative task, challenges lie in the interaction between the multiple agents and the sharing of information obtained locally by each agent to construct a globally consistent map of the environment.  Multi-agent system is a fast developing area of research due to the recent rapid development of on-board computing power, embedded systems, and wireless technologies.  Having multiple smaller, simpler and lower cost robots to perform a task, compared to having one large complex robot, offers a more robust and fault tolerant method of achieving a complex task, as well as speeding up the process through parallel processing of the task and extra degrees of dexterity.  Some impressive examples of large-scale multi-robot operations have been experimented with plenty of scope for further fundamental research [11]

 REF _Ref100908768 \r \h 
 \* MERGEFORMAT [13].  

The human-robot interaction problem involves the establishment of the strategies to accept high-level command, which could be multi-modal [9]

 REF _Ref102533157 \r \h 
[28](involving more than one mode of communication), and to decompose this task into a series of task primitives [16]

 REF _Ref100905708 \r \h 
 \* MERGEFORMAT [21]

 REF _Ref100905691 \r \h 
 \* MERGEFORMAT [22].  A task primitive is the most basic unit of low-level capability of which a series of these could be called in an intelligent manner to construct a higher level behaviour.  Task decomposition in multi-agent system involves the identification of task primitives as required to form a task, scheduling, allocation, handling of the task onto multi-agents, and ensuring the flow and the global completion of a specified high level task through cooperative effort of multiple agents.  This has been attempted through various methods such as Discrete Event System and Artificial Intelligence [19]

 REF _Ref100905635 \r \h 
 \* MERGEFORMAT [20].  Challenges also lie in the modeling of uncertainty involved in the operation of multiple agents, sensory measurement, and dynamic changes within the environment of interest.   

E3: SIGNIFICANCE AND INNOVATION

The intelligent autonomous multi-agent based system considered in this project combines the advantages of cooperative robotics, advanced uncertainty handling methodologies, and advanced task decomposition methodologies.  The purpose is to establish advanced planning and control methodologies for multi-agent systems together with the enabling technology to accomplish autonomous system capable of cooperatively achieving complex task within human environment.  The results will find application in industrial environment, from heavy industries to semiconductor clean room, hospitals, warehouses, even households, and any indoor environment, especially in tasks inaccessible by or deemed hazardous to humans.  Tasks performed could include cleaning, delivery, security application, search-and-rescue, patrol of large areas, mapping of unknown areas, and many more. 

This research project is uniquely comprehensive in scope and fundamental in character and is strategically directed to key issues common to all possible applications requiring multi-agent based autonomous systems. The expected outcomes of this fundamental research project include:

· establishment of an efficient methodology to a process high-level command into a series of lower-level commands;

· establishment of effective and robust multi-robot task planning and scheduling and multi robot motion planning;

· establishment of an intelligent task-oriented strategy in obtaining sensor information, performing sensor fusion and uncertainty handling using advanced stochastic methods;

· dissemination of research results in refereed international journal and conferences.

This work is significant because it takes a leap ahead in the direction which existing belief state methods are slowly converging. The research area is clearly significant. The issues being addressed are fundamental to the deployment of mobile robots for which there is already demand in a variety of industries.  The availability of the proposed robot control system and its underlying theory will allow efficiencies in Australian industry and in public service sectors resulting in either improved quality services or reduced costs for delivering existing services.

Significance of Floorbotics.

FLOORBOTICS is a robotic software / hardware development company.  It is built around the researched international market demand for an alternative to the current selection of labour intensive vacuuming/mop products.  FLOORBOTICS concentrates on innovation with strong, visionary technical expertise.  Corporate policy is focused on creating the latest in ‘cutting edge’ set-and-forget robotic cleaners at an affordable price.  It is dedicated to pioneering design, engineering and electronic development.  

With offices in Australia, the USA, Japan and Europe, FLOORBOTICS is an international enterprise with many years of comprehensive global experience.  Today, it is a world leader in both software and hardware robotics.  Headquartered in Melbourne, Australia and with strategic international links, FLOORBOTICS aims to realize the existence of a cleaning robotic system in every home, business and industry. 

E4: APPROACH AND TRAINING

The main focus of this research project is the multi-agent based system with cooperative behaviour to accomplish more complex tasks.  Basic mobile robot capabilities such as localization, map-building and simple navigation are assumed.  The first six months of the project will be spent on setting up the infrastructure for the project in terms of consolidating current research effort into robust mobile robot systems capable of localization, map-building, and navigation.  

Multi-agent based system research is aimed at the development of the governing behaviour of multiple robots and its interaction to complete a global task.  In this project, the agents are represented by the mobile robots.  The approach would be to represent the mobile robots as reactive/ cognitive agent rather than a purely reactive one, as purely reactive agents generate intelligence through self organization of “non-intelligent” agents and lack the flexibility of utilizing a priori knowledge when they have to perform a different task [3]

 REF _Ref100936253 \r \h 
 \* MERGEFORMAT [32].  A comparison between centralized and decentralized configurations would be performed.  A centralized configuration has the advantage of having a global overview of the events, such as knowing the positions of all the agents, and hence capable of more efficient planning for the system.  

Knowledge acquiring is performed through various advanced methodologies such as artificial intelligence and belief-state approaches.  These methods take into account the uncertainty and hidden states of the real-world robot interaction with the environment as well as gather representation of the environment and the high-level task description as communicated by human.  It is proposed that a multi-layer subsumption-like architecture be investigated for this problem.  Level zero will be trained using reinforcement learning techniques [18] to navigate generic environments while avoiding collisions with stationary and moving obstacles and to have basic generic exploration strategies.  Higher layer is added when the agent is deployed, which extends and customizes the robot’s representation to a specific deployment environment supplementing, but not replacing, the generic knowledge. Reinforcement learning also allows a natural and efficient combination of knowledge from the two integrated models. The proposed multi-agent systems can be deployed in an initially unknown internal environment and use an intelligent mapping strategy which allows them to cooperatively map that environment efficiently while moving safely avoiding both moving and stationary obstacles.  Map building and updating is continuous over the lifetime of the agents which will autonomously detect and reflect changes in the environment.  A strategy would be formulated to allow the integration of knowledge obtain by various agents to generate a robust and reliable representation of the larger areas.  Once sufficiently developed, the integrated internal representation of the agents can be depicted in a form that allows annotation by a human user to identify locations and regions of interest and to provide an appropriate labeling.  This could be further utilised as one of the multi-modal forms of interaction between robot and human.     

Task specification methods, including multi-modal means of human-robot interaction will be explored and an efficient strategy will be established [9]

 REF _Ref102533157 \r \h 
[28].  Multi-modal human-robot interaction is a new emerging study that attempts to make human-robot interaction more intuitive.  Several modes of communications are utilized, such as speech, hand gesture, facial recoginition, mostly methods that are familiar to human.  This methodology of communication is not only more intuitive to human, but is also more robust due to the redundancy in the communication channels.  

A novel task decomposition strategy will be formulated to decompose high-level task into a sequence of sub-tasks or primitives, executable through multi-agent system.   Through a centralized system, this sequence can then be further planned into lower level primitives of agent.  An interesting challenge will be to construct the desired task behaviour through a decentralized system by self-organisation, through the internal interaction among the agents and with the environment.  

In environments where multiple robots are deployed, the proposed control system will be able to communicate and negotiate between robots to allocate tasks to individual robots so as to ensure the completion and the efficient flow of the high-priority tasks. The expected outcome of this work is core theoretical research covering the above objectives and a prototype implementation that will be used in empirical experiments to demonstrate this theory.

Timetable of Research

In the first year, the infrastructure essential to the project will be established utilizing FLOORBOTICS VR-8 floor-cleaning mobile robots.  This includes hardware setup for several mobile robots and the development of the localization and map-building capabilities.  This will involve the consolidation of our research in the field and implementation of other established algorithms.  Navigation capabilities will also be quickly implemented from established algorithms.  Once these infrastructures are established, research into multi-agent systems will be initiated by extending these fundamental capabilities to handle multi-robot environment.  At the same time, the formulation of task decomposition will be further developed and established. Various task primitives in the form of self-contained modules containing low-level capabilities will be investigated and developed.  An analysis of various tasks to identify the unique primitives that make up the tasks will be performed and a methodology to generate a higher level task definition will be established. 

The second year of the project will concentrate on establishing multi-agent algorithms for distributed environments.  Both centralized and decentralized algorithms will be evaluated and the optimal strategy will be established.  Learning behaviours will be formulated to enable robust task and agent control to cope with various changes and dynamics of task and the surroundings.  Experiments will be conducted to validate the effectiveness of the behaviours through simulations and also through physical implementation on the mobile robot research facilities. Furthermore, the experimental results will be compared to the predictions from the theoretical models.   Various human-to-robot interaction methods, including multi-modal means, will be explored to obtain a set of robust and intuitive methodologies.  

In the third year, methodologies for human-robot interaction, robot-robot interaction, task planning and scheduling, and low-level primitives such as path planning and mobile robot motion control algorithms will be investigated and integrated to perform high-level cooperative task.  Task decomposition, planning and scheduling algorithms will be refined and improved with various application specific requirements to obtain a truly generic set of task primitives.  Validation will be carried out through both simulation effort and real-time implementation on multiple mobile robots.

E5 INDUSTRY PARTNER COMMITMENT AND COLLABORATION

E6: NATIONAL BENEFITS

The results of this research are immediately applicable to various industries requiring efficient and cost-effective means of completing autonomous cleaning tasks.  This could mean labour intensive exhaustive tasks or tasks in hazardous areas.  The outcomes of this project will help consolidate Australia’s position in advanced research and innovative technologies and international developments in the field of service robotics and advanced manufacturing and support systems. 

The immediate application of the result is geared towards autonomous cleaning tasks, whether it is domestic (household) or even in the industry.  Chemical spillage potentially stops a production line for an extended period of time and causes considerable financial cost.  Autonomous robots, working cooperatively to clean an area, could shorten the period of production shutdown as it is efficient and it could be designed to withstand the hazardous material.  This would also improve the safety of the process and shorten the time normally taken for extensive safety precautions when human cleaners are involved.   Other areas of application include delivery system (for example, within a hospital) and building security system.

The resulting cooperative exploration and mapping methodologies could also assist in many tasks such as security patrol and in warehouses and the mining industry.  An example in [31] shows a case of autonomous exploration and mapping of abandoned mines.  Utilising multiple small and lower-cost robots to perform the task also produces a more robust methodology and reduces the risk of failure compared to using only one expensive robot to perform the job. 

Extension of the algorithms into outdoor environment would provide an efficient and cost-effective method to explore, patrol, and monitor large areas.  Cost-effective mass-produced agents in various forms of robots could be dispersed autonomously across the vast landscape to form a sensor network, perform exhaustive explorative mapping and monitoring task, search-and-rescue, or even merely providing continuously feedback on various types of information. 

E7: COMMUNICATION OF RESULTS

The outcomes of the research will be published in high quality refereed international journals and presented at refereed international conferences.  Although the frequency of conference presentations and journal publications heavily depends on the outcomes, we are determined to present at least one refereed paper at international conferences in the first, second and third years, and to publish one journal paper in the second and third and fourth years. In total, three conference papers and three journal papers are expected. A website will also be constructed and media articles will be prepared for timely dissemination of the outcomes.

E8: DESCRIPTION OF PERSONNEL

Monash University

A/Prof. Shirinzadeh will manage the overall research activities. In addition, A/Prof. Shirinzadeh will be responsible for supervision and training of the Research Associates (RAs), postgraduate research students, and Honours research students involved in the research program. He will also be responsible for the research activities in the areas of task planning and navigation, hardware and software control including experimental techniques such as laser based measurement to verify motion strategies, cooperative methodologies, and analysis and interpretation of theoretical and experimental results.  The CI will also be assisted by Research Associates (RAs) in the above tasks.

Dr. Ann Nicholson will provide expertise and leadership role in the area of intelligence to accommodate uncertainties in the state ……

In addition, Dr Nicholson will provide assistance in supervision/co-supervision and training of the Research Associates (RAs), postgraduate research students, and Honours research students involved in the research program…..

Two full-time Research Associates (RAs) are being requested and will work on this project……..

FloorBotics

Mr Murray McDonald is the Director of FloorBotics and will manage and lead the engineering, and technical activities at FloorBotics.  Mr McDonald will also supervise the engineers at FloorBotics and organize system trials at sites such as industrial and household environments.  Mr McDonald has been, and will be, the driving force within this program to develop strategies for commercialization of the developed technology.  Mr McDonald has already generated, through extensive surveys and marketing strategies, a great deal of interest among FloorBotics national and overseas clients for FloorBotics family of products/systems.
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