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APPLICATION OF INTELLIGENT CONTROL SYSTEMS
“ Imagine! You are at work, the phone rings. Its Fred, your house. While monitoring the morning news reports for stories of recent burglaries, Fred picked up a weather bulletin warning of pending heavy rain. This jogged Fred’s bubble memories to run a routine roof maintenance check. A potential leak was found. Before calling you, Fred phoned Slim for advice. Slim is a ranch style home down the block… Fred And Slim often share data bank and each knew they were programmed with an effective search technique for identifying household services…you have learned to trust Fred’s judgment, and approve the repairs. The rest is rather straight forward, Fred calls the roofer…”
The time when Alan P. Hald, a Leading microcomputer distributor of that period, has suggested the above scenario, which he calls ‘Fred the House”, it might have appeared as a funny fantasy. But it is not far when such fantasies will be a reality. But it also brings us face to face with lot of questions. Can intelligent machines, especially as they are linked together in intercommunicating networks, outrun our ability to understand and control them? How dependent should we allow ourselves to become on computer and chip? As we pump more intelligence in the material environment, won’t our own minds atrophy? And what happens if someone or something pulls the plug out of the wall? Will we still have the basic skills needed for survival? For each of this questions there are innumerable counter questions. So assuming that we are here to live in intelligent environment in near future, I proceed in this article….

ABSTRACT

Intelligent control describes the discipline where control methods are developed that attempt to emulate important characteristics of human intelligence. These characteristics include adaptation and learning, planning under large uncertainty and coping with large amounts of data. Today, the area of intelligent control tends to encompass everything that is not characterized as conventional control; it has, however, shifting boundaries and what is called "intelligent control" today, will probably be called "control" tomorrow. The main difficulty in specifying exactly what is meant by the term Intelligent control stems from the fact that there is no agreed upon definition of human intelligence and intelligent behavior.

Through this paper, I am exploring the use of highly mobile location aware systems equipped with environment sensors to create environment aware computing and communication systems. When coupled to intelligent servers the sensors and mobile computers provide an unparalleled platform for human centered information environments. These technologies are coupled together for the design of intelligent building.
BACKGROUND
Intelligent controls have a vast application in the field of Building automation. It is predicted that by the year 2020, over two-thirds of the world's population will be living in urban areas.  Rapid urbanization in recent years has caused cities to be overcrowded and heavily polluted, but with this brings the need for space.  Society's desperate attempt to resolve this problem comes in the form of the high-rise building also known as the skyscraper.  This is just one of the reasons explaining the need for large buildings.  Other reasons include the population explosion and the increased scale of large corporations and institutions. 


For whatever reasons the building might be built, one fact cannot be disputed: Large-scale buildings are here to stay. However, they do bring with them their share of problems that need to be solved.  These include air circulation and control, temperature control, illumination, and large amounts of energy usage and wastage as a result of inefficient and ineffective policies and procedures. Intelligent buildings provide a solution to not necessarily dispose of the problem altogether, but to minimize it to the lowest level possible.

Intelligent buildings provide for unique and changing assemblies of recent technologies in appropriate physical, environmental, and organizational settings, to enhance worker effectiveness, communications, and overall satisfaction. Intelligent building is one that fulfills residential or workplace functions, containing an internal telecommunications system that offers a wide range of information services to the building's occupants. In addition, the system handles such building services as HVAC (heating ventilation, air conditioning), lighting, security, fire control, and access. Its purpose is to create a work environment that is conducive to creativity, productivity, and safety beyond that found in conventional buildings.

BUILDING TECHNOLOGY TRENDS AND OBSERVATIONS
The rapidly falling costs of computing, communications, sensing, and controlling within buildings are key trends that enable such intelligence in buildings. They allow more distributed and individually controlled systems for in-building conditioning and lighting, and make possible the greater collection of information for building monitoring. Buildings, which are better able to adapt to their loads can only come about through better and less expensive information technology. A building's automation systems make increasing use of computing and communications technologies to offer a comprehensive range of security and monitoring functions, as well as providing building owners with enhanced information collection needed for more effective building management. 

Buildings are expensive artifacts, typically constructed for decades of service life. Yet the technologies deployed in them are justified on a first cost, rather than life cycle, basis. There is a growing perception that reconfigurable buildings technologies can save money in the long run though they may be more expensive to incorporate in the initial building design. Such systems provide: 

(1) Flexible capabilities for adding or subtracting elements of the building infrastructure as the need changes, such as network access, air, lights, thermal control, space definition, etc.

(2) Better access to the infrastructure to allow incremental upgrades and reconfiguration.

(3) The ability to easily relocate and to reuse elements of the building's infrastructure.

New construction is only a (very) small percentage of the existing building stock. Therefore it is important to understand how new technologies can be retrofitted into existing buildings. Avoiding obsolescence of existing buildings through renovation and incremental upgrade of capabilities is a significant need. In part, this will be achieved by moving away from centralized services, be they building systems like cooling, lighting, or ventilation, or information technologies like computing or communications networking, towards more distributed system architectures.

An intriguing area of development is the increased use of intelligent materials within future buildings. Such materials have built-in capabilities for sensing and reacting. This is particularly useful for detecting external loads on structures, such as wind or earthquakes, and for diagnosing the health of these structures over time. Embedded sensors have successfully measured such physical quantities as vibrations, tension, strain, and displacement.

ENVIRONMENT AWARE SYSTEMS

An environment aware mobile computer system is one that makes use of environment information (such as location, temperature, orientation, etc.) to facilitate a human centered information environment that is apriority familiar and known to the user. This allows for an improved interface between the user and many applications, as the computer system can be more aware of the context in which the user is operating. Environment awareness is provided using an artifact called Badge. Badges have evolved culturally to make access control and authentication easier. The computer and sensor augmented badges can also act as user interaction devices providing a convenient human-centered way for people to interact with the ever expanding computing and communications environment they find themselves immersed in. Most importantly a Badge provides the last link in the computing and communications environment allowing the "system" to know where the user is and what the environment is like at that location rather than just the network addresses of the user's computing and communication peripherals. It matches the user, the device and the application together, and in a sense creates an interface dynamically that is centered about the human identity, capabilities and environment. The Badge makes devices instantly useful, even ones the user has never encountered before.

The first generation mobile systems tried to over come the effect(s) of mobility leading to developments in areas such as low-power sleep modes and file systems for disconnected operation. The second-generation mobile systems tried to exploit some knowledge of the user's location resulting in mobile map and navigation systems. Environment awareness is an enabling factor for the next generation of mobile computing systems. Environment awareness takes mobile computing beyond simple location awareness, by provides the system not only with details of its current location, but also environmental factors such as temperature, humidity, ambient light level, and orientation. This information can be used to help the computer system interact with its environment and to help the environment better cater to the people using it. In short, environmental awareness helps systems move towards human centered behaviors.

FOUNDATIONS OF INTELLIGENT CONTROL

The term "intelligent control" has come to mean, particularly to those outside the control area, some form of control using fuzzy and/or neural network methodologies. Intelligent control however does not restrict itself only to those methodologies. In fact, according to some definitions of intelligent control not all neural/fuzzy controllers would be considered intelligent. The fact is that there are problems of control today, that cannot be formulated and studied in the conventional differential/difference equation mathematical framework using "conventional (or traditional) control" methodologies; these methodologies were developed in the past decades to control dynamical systems. To address these problems in a systematic way, a number of methods have been developed in recent years that are collectively known as "intelligent control" methodologies. There are significant differences between conventional and intelligent control and some of them are described below. It is worth remembering at this point that intelligent control uses conventional control methods to solve "lower level" control problems and that conventional control is included in the area of intelligent control. In summary, intelligent control attempts to build upon and enhance the conventional control methodologies to solve new challenging control problems.
 

DEFINING INTELLIGENT CONTROL SYSTEMS

Intelligent systems can be characterized in a number of ways and along a number of dimensions. There are certain attributes of intelligent systems that are of particular interest in the control of systems.

General Characterization Of Intelligent Systems: 

An intelligent system has the ability to act appropriately in an uncertain environment, where an appropriate action is that which increases the probability of success, and success is the achievement of behavioral sub-goals that support the system's ultimate goal. In order for a man-made intelligent system to act appropriately, it may emulate functions of living creatures and ultimately human mental faculties.


The above characterization of an intelligent system is rather general. According to this, a great number of systems can be considered intelligent. There exist a number of alternative but related definitions of intelligent systems, which emphasize systems with high degrees of intelligence. 

Machine intelligence is the process of analyzing, organizing and converting data into knowledge; where (machine) knowledge is defined to be the structured information acquired and applied to remove ignorance or uncertainty about a specific task pertaining to the intelligent machine. 

Characteristics or Dimensions of Intelligent Systems

There are several essential properties present in different degrees in intelligent systems. Below we discuss three such characteristics that appear to be rather fundamental in intelligent control systems:

Adaptation and Learning:
The ability to adapt to changing conditions is necessary in an intelligent system. Although adaptation does not necessarily require the ability to learn, for systems to be able to adapt to a wide variety of unexpected changes, learning is essential. 

Autonomy and Intelligence: 
Autonomy in setting and achieving goals is an important characteristic of intelligent control systems. When a system has the ability to act appropriately in an uncertain environment for extended periods of time without external intervention it is considered to be highly autonomous. There are degrees of autonomy; an adaptive control system can be considered as a system of higher autonomy than a control system with fixed controllers, as it can cope with greater uncertainty than a fixed feedback controller. 

Structures and Hierarchies:
In order to cope with complexity, an intelligent system must have an appropriate functional architecture or structure for efficient analysis and evaluation of control strategies. This structure should provide a mechanism to build levels of abstraction (resolution, granularity) or at least some form of partial ordering so to reduce complexity. Hierarchies that are able to adapt, may serve as primary vehicles for such structures to cope with complexity. The term "hierarchies" refers to functional hierarchies or hierarchies of range and resolution along spatial or temporal dimensions. 

In view of the above, a working characterization of intelligent systems (or of (highly) intelligent (control) systems or machines) that captures the essential characteristics present in any such system is: 

An intelligent system must be highly adaptable to significant unanticipated changes, and so learning is essential. It must exhibit high degree of autonomy in dealing with changes. It must be able to deal with significant complexity, and this leads to certain types of functional architectures such as hierarchies.

INTELLIGENT CONTROL FOR HIGH AUTONOMY SYSTEMS
In the design of controllers for complex buildings there are needs today that cannot be successfully addressed with the existing conventional control theory. New control laws to perform novel control functions to meet new objectives should be designed, while the system is in operation. Learning from past experience and planning control actions may be necessary. Failure detection and identification is needed. Human operators have performed such functions in the past. To increase the speed of response, to relieve the operators from mundane tasks, to protect them from hazards, high degree of autonomy is desired. To achieve this, high-level decision-making techniques for reasoning under uncertainty and taking actions must be utilized. These techniques, if used by humans, may be attributed to intelligent behavior. Hence, one way to achieve high degree of autonomy is to utilize high-level decision-making techniques, intelligent methods, in the autonomous controller. Autonomy is the objective, and intelligent controllers are one way to achieve it.



An Intelligent Control Architecture For High Autonomy Systems

To illustrate the concepts and ideas involved and to provide a more concrete framework to discuss the issues, a hierarchical functional architecture of an intelligent controller that is used to attain high degrees of autonomy in Intelligent Buildings is briefly outlined. This hierarchical architecture has three levels: (1) The Execution Level; (2) The Coordination Level; and (3) The Management or Organization Level. The architecture exhibits certain characteristics, which have been shown in the literature to be necessary and desirable in autonomous systems. 


Architecture Overview:

Structure and Characteristics: 

The overall functional architecture for an autonomous controller is given by the architectural schematic of the Figure 1. This is a functional architecture rather than a hardware processing one; therefore, it does not specify the arrangement and duties of the hardware used to implement the functions described. The three levels of hierarchical intelligent control architecture are the Execution Level, the Coordination Level, and the Management or Organization Level.
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Figure 1. Intelligent Autonomous Controller Functional Architecture














   Figure 4. Badge Software Architecture

The architecture in Figure 1 has three levels. At the lowest level, the Execution Level, there is the interface to the building and its environment (the process in the figure) via the sensors and actuators. At the highest level, the Management or Organization Level, there is the interface to the users and building systems. The middle level, called the Coordination Level, provides the link between the Execution Level and the Management Level. 

The sensors and actuators are implemented mainly with hardware. Software and perhaps hardware are used to implement the Execution Level. Mainly software is used for both the Coordination and Management Levels. There are multiple copies of the control functions at each level, more at the lower and fewer at the higher levels. Note that the autonomous controller is only one of the autonomous systems in the intelligent building. It is responsible for all the functions related to the control of the physical system. It allows for continuous on-line development of the autonomous controller and to provide for various phases of operations.

Functional Operation: In Figure 1, higher levels issue commands to lower levels and response data flows from lower levels upwards. Parameters of subsystems can be altered by systems one level above them in the hierarchy. There is a delegation and distribution of tasks from higher to lower levels and a layered distribution of decision-making authority. At each level, some preprocessing occurs before information is sent to higher levels. All subsystems provide status and health information to higher levels. Human intervention is allowed with the commands passed down from the upper levels of the hierarchy.


Intelligent Control Using Environmental Awareness

To provide environmental awareness we need:

· Systems that humans wish to interact with: 

Traditional computers, desktop workspaces, I/O customizations, domestic appliances, building

            and transport systems, doors and elevators, environmental control, seats and mirrors.

· Systems to provide sensor data:

             Location, orientation, light, heat, humidity, gas analysis, ... 

· Systems to collate and correlate the sensor information and provide it to the computer systems: 

            Spatial and temporal sensor fusion, prediction, etc. 

· Agents and actuators to provide intelligent control of the environment, and 

· A communications infrastructure. 

 

We envisage a hierarchy of Badges: 

	Dumb Badge
	Simply transmits its ID number periodically.

	Smart Badge
	Supports a collection of sensors and transmits an ID and sensor data. In addition, it has an interface to connect to a co-located device such as a GPS receiver, PDA, Laptop, or Cellular Telephone and an I2C bus interface to communicate with future integrated sensors.

	Intelligent Badge
	Provides all the features of Smart Badge, but also provides additional I/O capability so it can act as a user interaction device.


Our ultimate goal is unconscious use of Badges. We expect that by using a familiar format (ID Badges) and local area network (LAN) attached infrared access ports that the devices will have a high ease-of-use and low cost. By using devices such as the HP NetBeamIR which provide Infrared Data Association [IrDA] to Ethernet connectivity, we do not have to install a new set of sensors and build a new interconnect infrastructure as is required with the Olivetti Badge Sensors.

The Badge's signals are collected by transceivers and sent to a Badge server. The Badge server collates and correlates the information and then provides it to requesting systems, subject to security and privacy constraints. We use encryption at the Badge of both its identity and sensor data to provide: security, authentication, and privacy. We currently use the Tiny Encryption Algorithm [Wheeler94], which trades time against space, since the processors we are using have very limited RAM.

In addition, we are developing a protocol for frequently changing ID codes and encryption keys (using the fact that the Badge can be remotely reprogrammed), thus frustrating both traffic analysis and decryption. This technique has the added advantage of not requiring the user to select an identity code or encryption key (or remember to change them) greatly simplifying secure use of the Badges.

The final components of the security architecture provides for multiple personas so a single Badge can be used in many separate security environments and a technique to allow agent programs to access Badge server data without identifying individual users. 

We use multicast techniques to collect and distribute Badge data to and from the Badge servers. Thus depending on the multicast address which a given Badge uses and where the servers are located, it is possible to provide use across organizational boundaries (i.e., via firewall traversal) as servers can be behind or in front of firewalls, but you have to have the correct rights to access the data (as per the above comments on security). Access to data can be restricted based not only on who you are, but also on when you ask, who else is with you, and the conditions of your environment at the present time. It might even be possible, if you have physiological monitoring to tell if the requestor is under duress, thus prevent extorting information from individuals.

EXAMPLES

Some examples of Badge applications are given below, to clarify the potential of using environment aware system.

Doors

Perhaps the simplest application of the technology is to provide smart doors. Here each door is provided with an electrically operated striker and a Badge transceiver. When a person approaches a door their Badge transmits their ID. The door transceiver forwards this to the Badge server, which then associates the ID with a particular location (the door). A door agent process running on a server somewhere in the network notices that the person is now co-located with the door and if the person is allowed to go through the door a message is sent by the agent to the door telling it to open.

This type of application has already been shown with Active BadgesTM and has proved to be useful. A further feature which Active BadgesTM development showed necessary is that the door agent must react quickly to the presence of the person near the door, as users did not like to wait long periods of time before the door opened. In the case of the Active Badge, they added another sensor, which detected an RF field, and they used the detection of a change in the field to trigger an immediate emission of the Badge ID. Thus different fields were used to encode spatial zones, transition from one zone to another zone caused an immediate report form the Badge. We believe that our Badges represent a significant generalization of this idea, as shown in the examples, which follow.

Heating, Ventilation, Air-conditioning, and Lighting

The door example can be easily applied to a room. When a person enters a room the transceiver sends their Badge ID to the Badge server, which processes it. The room's agent notices the entry and turns on the lighting and adjusts the air handling system. As the room agent knows who is in the room and how many other people are in the room it can tailor the environment to suit the preferences of the group currently present. If a Smart Badge is used the agent also knows the temperature, humidity, and ambient light level as measured by each of the persons in the room; allowing for much finer control of the environment. Thus the air-conditioning/heating can be controlled to create a comfortable environment for the people in the room, rather than ensuring the comfort of the traditional wall mounted sensor.

This correlation of information can be used to compensate for variations in the individual sensors. Thus the sensors need not be calibrated beforehand, but can have the correction data derived over time. Of course if we want to have absolute measurements then we need to have some calibrated sensors, with which we then calibrate the new sensors.

If the room agent analyses the Badge server data for spatio-temporal correlations, it can identify and hence predict the normal patterns of a person/persons and anticipate their arrival, departure, and routine movements. If this technology is applied to all buildings, then both the building management agents and the power company's agent should be able to predict load fluctuations and micromanage their power demands, generators and power grids.

If an Intelligent Badge is used, a person can also interact with the building system and control lights, doors, temperature etc. from a Badge based interface. This provides an improvement over the simple motion detectors used in many offices to turn lights off - if there is no activity in the office. In such environments it is often difficult for the user to get the behavior that they want, for example to have the lights off even if there are people in the room or to keep them on when the people in the room are stationary. It also could greatly simplify the wiring necessary, since if each power outlet is network controlled, then one could eliminate all the light switches - since the command to turn on or off a device could be provided by agents interacting with Badge server(s).

See for example: The U.S. National Science Foundation workshop, which examined the effect of architecture, building operations, and communications. A participant in this workshop noted that half of the cost of HVAC systems was the wiring to all the sensors and actuators. Using the Badge system could potentially eliminate the need to run wires to the sensors or in many cases even the need for particular sensors.

APPLIANCES

An Intelligent Badge provides both a sensor platform and a user interface. A simple user interface might consist of a few buttons (such as used on Olivetti Active Badge). A more sophisticated interface might be a touch sensitive LCD or Electro-Luminescent graphics screen attached to the Badge. The overall size would still be similar to a credit card. When a person wants to use an appliance (for example a photocopier, dishwasher, cable-TV set-top box) they move to the appliance. The transceiver in the appliance sends an Intelligent Badge ID to the Badge server. The appliance's agent then notices that the person is waiting to use the appliance and loads its user interface into the Intelligent Badge (potentially using an alternate communications link). The interface is presented in the appropriate language and customized to the person's individual preferences and tastes. The interaction with the appliance is still mediated by the Badge server and the appliance's agent to ensure the security and integrity of the messages transferred.

One of the by-products of this approach is that the user has their own interface to appliances. Thus the user interface can be consistent for this user, not because each appliance supports this interface, but because the user's interface provides the consistency. A simple example of this would be an automatic teller machine, which no longer needs to have a human centered interface, but now receives all its commands via the network as EDI requests. While the user's device provides whatever interface is necessary for this user to enable them to get cash. A Badge might replace smart cards in electronic commerce transactions by provide higher levels of security, as it could utilize a biomedical signature of the person currently using the Badge, ensuring that only a specific user can use it.



Sensors

Sensors are the key to an environment aware system. In the past sensors have been large and cumbersome. Recently, Micro Electro Mechanical Systems [MEMS] technology has allowed sensors to become small enough, that a number of different types of sensors can be integrated onto a single chip. Examples of current integrated sensors measure: fluid flow, temperature, humidity, gas composition, airborne contaminants, acceleration, magnetic flux, electric field, sound, light, and X-ray radiation. 

Badges

Both a Dumb and Smart Badge prototype have been constructed. In addition, a simple Badge server has been implemented.

For our current Badges we have chosen temperature, light, humidity, sound, and tilt sensors. The sound sensor can face outwards for environmental monitoring or inwards for biomedical monitoring (heart rate and respiration). The tilt sensors allow the Badge to be used as a 2-degree of freedom input device (equivalent to a mouse, joystick or videogame control pad). The light sensor also doubles as a button (but not in the dark). Collectively light and tilt sensors can be used to determine when the Badge is stored in a drawer so it can go into long-term power down mode to extend battery life.

The initial Dumb Badge simply transmits its fixed ID every few seconds then goes to sleep. It can't be reprogrammed on the fly and it does not respond to commands from the Badge system.

The initial Smart Badge simply transmits its ID along with its sensor data, then listens for commands, performs the commands, then goes to sleep. It can accept commands from the Badge server to make a noise, resend its sensor data, change its network address, change values on a data output port, or change its encryption key. It is the basis for the first environment aware Badges.

The Intelligent Badge is still in the conceptual design stage. We envisage a small Badge with a touch sensitive graphics display and voice input and output. The user touches the screen or speaks to the device. The user's input is sent to an agent in the network for processing and further action. A network agent can upload information to the Badge, such as sound samples and compressed images. Unlike a PDA, the Badge provides only an I/O system; it does not attempt to process the data.

FUTURE WORK

Development of applications associated with Smart and Intelligent Badges for environmental aware systems.

· Adding multicast support to the Badges and Badge servers. 

Thus sensors and servers can easily be added to the network 

as desired (and as necessary to support multiple locations or load). 

· Extending the Badge server to a secure distributed system allowing

multiple security domains (so your Badge will also open your front 

door without your office having control of your door striker). 

· Interfacing a Smart Badge to a GPS receiver 

· Interfacing a Smart Badge to a PDA 

· Construction of a distributed test bed. 



Figure 2. South-facing light shelf: (a) Section along centerline of room, and (b) detail of light shelf reflectors.



It is important that the testbed not simply be a toy system with tens of sensors, but rather a system with dozens of Badges and sensors providing an infrastructure for several floors of a building. The goal is to promote the widespread use of environment aware computing devices and foster the development of applications. The testbed will incorporate: multiple Badge servers to prototype both the Badge server as a distributed system and the multiple persona aspects of the security architecture, prototype Intelligent Badges built from Smart Badge interfaced to PDAs. And a NetBeamIR based infrastructure over at least 2 floors of a building to ensure the system is really used. 

CONCLUSIONS

This paper has described the need of an intelligent control in our present buildings. The concepts and architecture of such intelligent control systems for building automation has also been looked into. Various aspects of conventional control systems has been described and compared with intelligent control systems. Then environment aware human centered computing and communication systems have been taken as a tool for implementing intelligent control and some examples are shown about how they can be used. In addition, it has been shown how mobile sensor systems and sensor fusion may be combined with security and privacy architecture of a building to provide a Badge environment. 
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Telephones and Pagers


Cellular telephones and pagers are wide area communications device that know nothing of their location. When combined with location sensing and Badge technology, the resulting product is a location and environment aware communications and control device. A single device can then provide a Badge like sensor platform and authentication mechanism, wide area voice and data communications links, and a user interface to telephony and other peripheral devices encountered in the field. 





While this type of device might seem like a prop on Star Trek, all the components are available as products today. Voice and data communication, along with a graphics screen with WWW browser are features of the Nokia 9000 GSM phone. Handheld GPS units are currently sufficiently cheap and provide sufficient accuracy. Thus, all that is required to realize a universal authentication, communications, and interaction peripheral is to integrate the available components and provide the conceptual framework of an environment aware computer system to allow applications to be developed.
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This "smart" automated Venetian blind system has been designed to respond to changing solar conditions and access to view in real-time by using a network of sensors and an intelligent computer control system to operate the slat angle of the blinds. In this field test, we are comparing the thermal performance of the smart system (left) to a static tinted glazing system (right) using the Mobile Window Thermal Test (MoWiTT) facility.





Figure 4. The reflector system used in the prototype skylight for the Palm Springs Chamber of Commerce was designed to split the incoming daylight flux and redirect it to the ceiling plane of two separate rooms (Figure 4a). The installed skylight (above) yielded excellent luminance uniformity on the work plane and brightened typically dark wall and ceiling surfaces.





The system is constructed from two components, a Badge and a computing environment. The Badge provides a small mobile sensor platform, which can be worn like a corporate ID card, attached to passive objects, attached (or built in) to devices such as PDAs and mobile telephones, or incorporated in PC class computing systems. As more and more assents are portable, locating them, accounting for them, and managing them is becoming increasingly difficult - therefore, increasingly such devices will have something built into them to help with this functionality. Therefore, we believe that in the future all equipment will contain some form of active environmental monitoring, communication, and control system akin to that provided by our Badges.
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