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abstract

In domain of intelligent buildings, saving energy in buildings and increasing preferences of occupants are two important factors. These factors are the important keys for evaluating the performance of work environment. In recent years, many researchers combine these areas to create the system that can change from original to the modern work environment called intelligent work environment. Due to advance of agent technology, it has received increasing attention in the area of intelligent pervasive environments. In this paper, we review several issues in intelligent buildings, with respect to the implementation of control system for intelligent buildings via multi-agent systems. Furthermore, we present the MASBO (Multi-Agent System for Building cOntrol) that has been implemented for controlling the building facilities to reach the balancing between energy efficiency and occupant’s comfort. In addition to enhance the MASBO system, the collaboration through negotiation among agents is presented. 

1. Introduction 

Much of past research in the area of intelligent buildings has main objectives that are both to save energy in buildings and to increase preferences of residents [1]. Energy saving, e.g. lights are automatically switched off when the user left the room or temperature is lowered in the empty room, is important because it is a part of organization’s policies. Increasing user satisfaction, for example by adapting temperature and lighting intensity in agreement with user’s preference, can provide better services to the users that make them more productivity, more convenience, safer, and more secure. However, this is in conflict with some considerations of the environmental factors of each room in the building, such as temperature, light, humidity and ventilation are adjusted to reduce energy cost but these factors must increase the preferences of resident at the same time. A multi-agent system (MAS) is a modern approach for implementing the architecture of living and working environment to meet the needs, satisfaction, and comfort of occupants, as well as saving energy.


We present the MASBO system is a subproject of CMIPS (Coordinated Management of Intelligent Pervasive Spaces) project. It acts as mediator between input sections that are wireless sensor network and policy management and output section that is Building Management System (BMS). By itself, MASBO is the software agents composing of several agents that are responsible for particular tasks. It is designed as a collaborative multi agent system to support applications for intelligent work environment, where reducing of energy consumption is achieved without compromising occupants’ satisfaction. Basically, a group reaches consensus by voting. However, the outcomes of voting are often inconsistent because the inconsistency of voting rules such as plurality rule, majority rule, single voting rule, and so on. According to Arrow’s impossibility theorem [2], it has shown that no voting method exists which satisfies all of the following conditions 1) positive association of social and individual values 2) independence of irrelevant alternatives 3) citizen’s sovereignty and 4) no-dictatorship. In this paper, we primarily centre on the study of negotiation as technique needed to support the collaborative activity within the multi agent systems to reach an effective consensus of occupant’s agents participating in the same zone. The paper consists of four sections. In section 2, we will discuss related work and background concept that we have employed. In penultimate section, we present an overview of the MASBO system in terms of collaboration approach of agents for persuasion during negotiation process and then can support decision making. Some concluding remarks and future work are presented in section 4.

2. RESEARCH BACKGROUND AND REVIEW OF PREVIOUS WORK

2.1 Intelligent buildings


An intelligent building is a new type of building using computer technology to autonomously control the environmental conditions of the building to optimize energy consumption, occupants’ well-being, safety and work efficiency [3]. Due to many disciplines applied to intelligent buildings, techniques depend on each discipline. In this case, two techniques are presented that are controlling technique and sensor fusion technique [4]. For the first technique, the essence of the intelligent building is control theory, which allows integration, automation, and optimization of all the services and equipment that provide services and manages the environment of the building concerned.  The tool of the control theory is Programmable Logic Controllers (PLC's) that is the original basis of the control technologies. The second technique is a combination of  sensory data obtained from many heterogeneous or homogeneous sources such as a mercury thermometer, the analog temperature sensors for measurement chilled water in the chilled water system, the occupancy sensors  so these data will be sent to control system for processing in next stage. Due to a huge amount of sensors and actuators, these sensors generate an immense amount of data which requires to be computed in real-time in order to take decisions on time. A technique used in the intelligent buildings is Multi-agent systems (MAS). This technique is used to reduce complexity and computation time of data processing in the intelligent buildings.

2.2 Agent and multi-agent systems

There are many definitions of agents according to the different viewpoints of the researchers. However, the following definition according to [5] is generally accepted: 1) an agent is a computer system that acts in an environment. Besides, the agent has capable of autonomous action in the environment in order to meet its goals. 2) an informal definition of an agent might be that an agent is software that is continually process the input it gets from its environment to determine the output that it should send back to the system. However, an agent that has characteristic according to two former definitions is a general agent. It will be an intelligent agent when it has the following characteristics:

· Reactivity/responsive property: the intelligent agents perceive their environment and respond in a timely fashion to changes that occur in it in order to satisfy their design objectives. 

· Pro-activity: the intelligent agents should not simple act in response to their environment but they are able to exhibit opportunistic and goal-directed behaviour by taking the initiative.

· Social ability: the intelligent agents can interact with other agents or human via agent communication language. 

Multi-agent systems [6] are the systems that comprise two or more agents. The agents in the multi agent systems can interact with one another so that this interaction must result from one agent satisfying the goals of another. According to [7], cooperation is defined as the general form of interaction among agents which it comprises with collaboration, coordination of actions and resolution of conflicts. Collaboration concerned with the distribution of tasks and resources among several agents whether decentralized or centralized techniques. In respect of coordination, it deals with the way which the actions of the different agents have to be organized in time and space to achieve goals. However, when conflicts happen, negotiation techniques, such as by compromising or by transcending the conflicts, are uses to limit the effects and make the parties satisfy.
From viewpoint of [6], coordination among agents is necessary for achieving the goals. Coordination implies considering the actions of the other agents in the system when planning and executing one agent’s actions so that coordination is a means to achieve the behaviors of the entire system. Coordination may imply cooperation or competition. For cooperation, the agent society focuses on how common goals can be achieved. For competition, when goals are incompatible, agents have to struggle or negotiate in order to achieve them. In the later case, it is important because the agent must consider the actions of the others. Negotiation is the means for solving when confliction happens among coordinating activities. 

2.3 Intelligent buildings and agent technology

Agents and Multi-agent systems are widely used because of their ability to manage complex tasks and systems, in autonomous and intelligent ways. Agents are popular computational technologies contributing to diverse domains such as computer mediated collaboration, education and training, electronic commerce, information retrieval, pervasive and ubiquitous computing, robotics, service-oriented computing, and user interfaces. Besides growing communication abilities, agents can collaborate efficiently with others, support human interaction, and even collaborate with humans. Nowadays many new areas of research and applications emerge using agents and MAS to perform a variety of complex tasks. One of these areas is applying to control an intelligent building. An intelligent building can be managed and controlled via multi-agent approach to keep balancing between energy saving and the needs, comfort, and preferences of occupants. The research attempt on multi-agent control system has increased rapidly during the last many years. There are the examples of the previous research: 

The research presented in [8-13] is part of the ISES (Information/Society/Energy/System) project. It has the main goal both to increase energy saving realized by automatic control of lighting and temperature and to meet customer preference realized by automatic control of lighting and temperature according to particular occupant requirement. A multi-agent system approach is used to control an intelligent building. There are four categories of agents in the MAS presented in this research. Personal Comfort (PC) agents, which each records personal preference and try to increase occupant’s satisfaction. Room agents, which each represents and controls a particular room to maximize energy saving and to make occupant well being in the same time. Environmental Parameter (EP) agents, each of them monitors and controls the environmental parameters in a particular room. Because of the capable of EP agents to access both sensor and actuator devices, they can read and changing the parameter to achieve and keep the value parameter decided by Room agent. Badge System Agent (BSA) keeps location’s track of each person in the building and maintains a data base of PC agents. However, the personal preferences are predefined and are static because they are not adjusted according to behavior or feedback of occupants. Besides, limitation of badge system, it can detect the present occupant in a room but it cannot distinguish between actuations from different occupants so this is one of system constraints that happens when an irrelevant person who is not a room’s owner enters to the room, the environmental conditions are not be changed according to current occupant. It means that this research lacks the capability of learning and predicting about occupants’ behavior. Nevertheless, the ability is added to another research [13] for enhancing the system. 

Another interesting research is [14]. It presents multi-agent system approach for intelligent building control. The multi-agent system is implemented in terms of an unsupervised online real-time learning algorithm that constructs a fuzzy rule-base, derived from very sparse data in a changing environment. Each agent in multi-agent system of this research responses to a particular task and offers this task as service to other agents. Collaboration among agents is mediated by asynchronous messages. The MAS of this research composes of three layers. The agents in lowest layer interact directly to the intelligent building’s device bus. The middle layer consists of both the DistributionAgent providing inter-agent communication and StructureAgent managing structure information. The top layer is allocated for intelligent learning agents. There are different instances of ControlAgent, and are responsible for controlling the effectors. Because this research emphasizes using a multi-agent control system for decision making of a small sub region of the whole state space, learning algorithm of this research is completely unsupervised. All feedback is acquired by observing the inhabitants’ behaviors without intruding them so it make the multi-agent system lack of the capability to differentiate between effectors and preferences from different inhabitants, and thus the preferences that are learned are coupled with only the room that the inhabitants are in.

3. AGENT-BASED SYSTEM FOR INTELLIGENT BUILDING CONTROL

3.1 Overview of MASBO

The aim of this project [15] is to provide software agents to support both online and offline applications for intelligent work environment. When MASBO is integrated together with other subprojects, it acts as the user assistance because it will help users make a convincing business for intelligent building development and management in their organizations.
The MAS architecture that is presented in MASBO is composed of three types of agents. 
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Figure 1:  Scenario of MASBO [15]. As the hub of CMIPS, MASBO integrates with the other two components, building assessment and wireless sensor network.

Personal agents associate with users that means the occupants in particular zone.  The agents response to manage the special information of occupant identifying an individual occupant, observe the environment situation, update user’s preference by using learning mechanisms, and present feedback from other agents to their occupant.

Local agents correspond to and control a particular zone. The agents play a central role in MASBO. They act as mediator, policy enforcer or information provider. They act as mediator between personal agents when a situation of contending preferences among different occupants happens so that the local agent reconciles this situation. The agents enforce policies for setting the suitable value of environment parameters that lead to balancing between the preferences of the occupants currently in the zone and the goal of saving energy as much as possible. The final role of the local agents is providing the structure information of zones under their control.

Central agents have two main functions: decision aggregation and interface to internal/external services required by local agents. Decisions from various local agents are aggregated before sending to control BMS. The central agents interact both with operators to allow them configure the agent system such as to start/stop agents, to deploy/delete agents and with BMS to isolate other agents from directly accessing control network.

3.2. Control and learning

The important part of intelligent building control is entities that are responsibility for taking decisions about the state of all actuators of the building. These decisions need to be made in the real time. Figure 2 presents collaboration between personal agent and local agent that are the core of an intelligent building control. From viewpoint of controlling and learning, personal agent is responsible for learning occupant’s preferences that present in terms of measurable parameters such as temperature, humidity, lighting, and building performance quotients. Local agent plays many roles. One of those roles is mediator for reconciling preferences from different occupants via a suitable decision making algorithm.

3.2.1. Decision making

In MASBO, decision making and learning process are built on rules that are divided into two different types: static rules and dynamic rules.  The static rules are pre-defined and cannot be changed during runtime, whereas the dynamic rules are automatically generated by the learning mechanisms. The rule format used for the static rules is as follows:

<rule> ::  if     <condition>      then     <action>

For example:

· If nobody occupies a zone then it must maintain some default environmental settings.

For the dynamic rules, they compose with two main parts:  

· antecedents and actions

· attributes:  ID, priority, privilege, weight, predicted parameters vector, predicted TCI, and effective period.

The priority of rules in MASBO is classified into four groups. A safety priority means that the environmental conditions in the building are at the safe status. A security priority is a status that ensures that the system can control the environmental conditions when the emergency events happen for example, in event of fire, a fire alarm is be alerted, emergency door is opened, and heating and illumination system is be switched off. An economy priority concerns with energy saving. For economy condition, it realizes that energy is used worthwhile for example, if a zone has no occupants, the temperature will be maintained to some default environmental settings and the light should be switch off. A preference priority is a condition that the environment parameters are set according to a particular occupant’s preferences. The first three groups are predefined as static rules, whereas the preference is dynamic and learned by the agent system from the occupant’s behaviour. For a decision making process, local agent acts as a decision maker that uses parameters Vector and occupant’s action as input. 
3.2.2. Learning 

To improve the capability of learning mechanism, the learning mechanism in MASBO undertaking by personal agent adopts a combination of interactive, supervised, and reinforcement learning to reduce intrusiveness of the multi-agent system and to avoid losing the capability of learning individual preference. 

The occupants’ preferences are learnt from the occupant’s behavior and can identify who took the action so that an outcome of this learning is the basic satisfactions of each occupant in a particular zone.
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Figure 2:  Scenario of collaboration among agents in MASBO. 

However, if occupants do not change the environment, for example by changing the temperature or by adjusting the heating, MASBO can assume that the current environment is comfortable for the occupants. In contrast, occupants can act by using their personal agents when the set of environment conditions is not well-being and can provide feedback on their satisfaction if they prefer to do so by this method, the system can both track back to identify individual occupant who changed the environment and link preference learned to the exact person instead of all occupants in the shared environment. The output of learning is rule set for individual occupant under particular environment.  Then, the rule set is used for producing occupant’s preference.

3.3. To enhance collaboration between agents 

The design of MASBO is a cooperative MAS. Agents in MASBO are specialized agents that are each pursuing their own goals. To achieve these goals, these agents cooperate with others. Without the cooperation, these agents cannot reach their goals. 

In MASBO, a personal agent cannot directly relate to an occupant so the input of the personal agent comes from the local agent responsible for the environment where the personal agent is present. The personal agent is representing an individual occupant so in certain situations, the conflict between preferences from different occupants can be occurred when the people who have different preferences are in a same zone. Then, the resolution conflicting preferences can solve via the collaboration among personal agents. Negotiation has been presented as the tools for the personal agents to resolve their different preferences by exchange their preference and finding acceptable preferences that are the group preferences. Because MASBO does not mention about negotiation but the certain parameters such as privilege, priority are considered to obtain the group preferences. To enhance the performance of MASBO, the viewpoint of negotiation among personal agents is mentioned in this section. 

3.3.1. Negotiation

Negotiation is a process that two or more parties make a joint decision. The parties first propose demands and then move toward an agreement through a process of concession formation or search for new alternatives [16]. In multi-agent systems, the negotiation is a technique that is needed to support the collaborative activity among agents within the systems. The research area of negotiation in MAS can divided into two main categories [17], competitive negotiation and cooperative negotiation. Competitive negotiation occurs among self interested agents that each of them try to maximize its local utility. However, in cooperative negotiation, agents try to get the maximum global utility.  

Several different negotiation mechanisms have been applied in MAS and are developed to suit the different application environment of MAS. However, there are three specific approaches to automated negotiation [18].

· Game theory approach: This approach employs techniques from game theory in order to structure and organize negotiation among agents. In game theory approach, types of negotiation are represented as different types of games which contain three elements. Firstly, there must be a well-defined set of courses of action for each of a number of players. Secondly, there must be well-defined preferences for each player among possible outcomes of the game, or mixtures of its outcomes. Finally, the relationships must exist whereby the outcome is determined by the player’s courses of action.
· Heuristic approach: While game theoretic techniques work well in many cases, they also embody a number of assumptions that can be limiting for real world applications. In particular, these techniques are often based on notions of perfect rationality that requires the agent to be computationally unbounded and have full information of both its own and its opponents negotiation options and they provide limited flexibility when the designer cannot impose a priori negotiation strategy upon the agent.

· Behaviour theory approach: Behaviour theory attempts to analyze the negotiation processes in which negotiators influence each other’s expectations, perceptions, assessments, and decisions during the search for an outcome. Much attention is given to the nature of changing expectations and negotiator’s tactics, and to the significance of uncertainties of information, perception, and evaluation so these matters involve a closer approximation to the real world that are ignored by game theory approach. 

3.3.2 Preliminary System Design

According to the existing mechanisms used for decision making in share environment in MASBO, the several group decision support approaches are employed for changing the environment of a share zone. For example, if the majority voting algorithm is selected for decision support, the environment conditions are adjusted via the most occupants’ preferences. However, in some scenario, negotiation is  triggered by some occupants for persuading with others. For the preliminary design, negotiation ability will be added as part of general function of the personal agents in MASBO. Negotiation can be carried out directly between the personal agents without deploying a mediator agent for an improved efficiency.



A. Negotiation Protocol

A negotiation instance typically involves either a single or multiple rounds of exchanges of information. In general, the negotiating agents iteratively exchange their individual solutions in terms of proposals, and relax their preferences and constraints according to typically heuristic negotiation strategies, until all the constraints are satisfied and an agreement is reached. However, negotiation in MASBO must carry out under the building policies. The policies are global defining that provides the constraints that agents should abide by for example, the temperature of a particular room. For our work, we define rules of negotiation as follow:

•
The agent negotiating initiator is selected via the priority of each agent. Because we assign a priority for each occupant, the priority depends on the role of the occupant. For example, if the shared zone is a non common zone, we assume that the room owner has the most priority while the others are assigned various priorities according to their roles at present. However, in a common zone such as conference room, we assume that everybody have the same priority so the initiator is randomly selected. 

•
The agent which initiates negotiation is responsible for broadcasting the first proposal.

•
Each agent that receives a proposal accepts/rejects it by sending the message back to the initiator. If all agents accept the proposal, the initiator announces the proposal as a consensus. In contrast, if at least one agent rejects the proposal, the new initiator is selected. The random selecting method is used in a non common zone. However, in a common zone the new initiator is an agent that represents the occupant who has the second priority agent. 

•
The new initiator relaxes its constrain via a preference revising process then it broadcasts the new proposal in next round of negotiation and the process repeats from point 3.






B. Negotiation Strategy

We propose the strategy used to reach a consensus by using a Multi Attribute Utility Theory (MAUT) [19]. These strategies are used in negotiation tasks such as generation of the first proposal, modifying of a rejected proposal to create a new proposal, and persuasion. MAUT theory can resolve problems in which outputs are classified by two or more attributes. We decide to use MAUT for revising the preference because setting the preferences for multi-occupant environment requires consideration of temperature, light, humidity, building performance quotients, etc.

4. CONCLUSION AND FUTURE WORK

The overall goal of intelligent buildings is to contribute modern building to meet both energy efficiency and occupants’ well-being. In this paper, we have presented MASBO, a multi-agent system for intelligent building management. With its learning mechanism and decision support, MASBO can lead to change certain environment parameters of the building such as room temperature and lighting. These parameters are adjusted to meet occupant’s preferences dynamically.  Our contribution in the future is mainly to design the MAS model supporting agent collaboration and conflict resolution between individuals and groups.  
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