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1. Introduction
The phrase “Intelligent Building” can bring people images of high-technology buildings, filled with computer systems, sensors, controller and so on. The people working within them will have the appropriate physical and technological supports. The technologies should be adaptive and responsive, which means that they can be adjusted and updated automatically, intelligent like human being. The concept of “Intelligent Building” must cover all phases of building life cycle.
· Design

· Construction

· Operation

· Maintenance

· Renovation

Heating, Ventilating, and air-conditioning (HVAC) systems is an important part of building systems. A great deal of high technologies can be applied in HVAC system. I choose HVAC system for my understanding of “Intelligent Building”. HVAC system provide human beings with a more comfortable and productive environment, but the price is high. The consumption of energy by HVAC systems constitutes 14 % of the primary energy consumption in the U.S [1], and about 32% of the electricity generated in the U.S [2].  There is a big challenge to improve whole building energy efficiency while maintaining the indoor environmental quality. The difference between actual energy expense and the base requirement represents avoidable waste, which is caused by the faulty operation of HVAC system. Examination of data from a number of UK buildings shows avoidable waste levels in the range 25 to 50%; in a well-managed building, avoidable waste levels of below 15% are able to be achieved [3]. 

Sick-building syndrome do not just mean poor air quality, many buildings are sick from a lack of proper system effectiveness and integration.  Hardware failures, software errors, and the human factors related to the misuse of HVAC products will prevent buildings from achieving the energy efficiency that is expected.   Improper system design, installation and operation cause the building energy inefficiency. Eventually all of these faults lead to avoidable waste.  The routine maintenance and commissioning are effective ways to identify system faults and create an energy-efficient building, but highly skilled engineers are needed to conduct the process and the process should be time and cost consuming.  Furthermore, modern HVAC systems and control systems have become more and more complicated for an average building operator to understand.

2. Application of FDD technology
Building Management Systems (BMSs) are widely used in modern buildings and composed by many types of sensors and controllers.  Sensors measures temperature, flow rate, pressure, humidity etc and send signal to controllers, finally central station.  In fact, large amounts of data are available on the BMS central station.  The great developments in data communication, computing and data visualization technologies along with decreasing costs of sensors, actuators, and controllers give a chance to FDD technology.  The energy consumption of existing buildings could be largely decreased by performing continuous commission using FDD technology.  FDD technology can be used to automatically identify failures in operation of HVAC equipment and systems.  If FDD can identify inefficient system performance and alert building operators, the systems can be fixed sooner, thus reducing the time of operating in failure modes and thus saving energy.
BMS systems develop great amounts of data everyday and store in the form of database in the central station.  Through the computer network these data are available online.  This abundance of data has been described as a data rich but information poor situation and has stimulated research into better ways of examining the data (4).  Besides the large data quantity, a number of problems exist with the BMS data quality, such as missing data, erroneous values due to sensor accuracy, and faulty measurements due to sensor failure.  In general, there is a need to provide building managers user-friendly information by analyzing BMS data.
Fault detection and diagnostics (FDD) technologies are available ways to decrease energy consumption of HVAC systems while keeping the performance of HVAC systems.  The objective of FDD techniques is to early detect faults and diagnose their causes, prevent HVAC system from additional facility damage and energy waste. Fault detection is the process of determining fault occurred in HVAC system, fault diagnostics include fault identification, its location, significance and causes.
3. Classification of FDD Techniques

FDD methods can be classified into two broad categories, model based methods and data based methods [5].  The two categories differ by the knowledge used to diagnose the cause of faults, although both use simulation model and data.  Model based methods use “priori knowledge” (knowledge available in advance) to identify the differences between model simulation results and actual operation measurement.  Data based methods may not use any physical knowledge; instead, they can be driven completely by recorded measurement data. 

Model based methods are further divided into quantitative and qualitative models methods. Quantitative models based on mathematical relationship derived from the underlying physical knowledge. Quantitative methods rely on explicit mathematical models of HVAC system to detect and diagnose faults. By understanding the physical relationships and characteristics of the mechanical systems, we develop the mathematical equations to represent the each component of HVAC system and solve them to figure out the steady and transient behavior of HVAC systems.  Another broad methods are qualitative models, which use rule based methods based on priori knowledge. Qualitative models use the qualitative rule relationship to diagnose fault instead of quantitative mathematical equations. The rules are derived from expert knowledge, process history data and quantitative models simulation data. Expert knowledge is collected into a database in the form of if-then statements.

Data based models are derived from process history data, and are subdivided into black box model and gray box model [6], their difference is whether model parameters have physical meaning. Black box models use non-physical based relationship to represent the characteristics of the HVAC system; model parameter does not represent actual physical meanings. Black box models apply techniques like linear or multiple linear regression, artificial neural networks, and fuzzy logic. In gray box model [7], the parameters are determined based on physical principles and parameter estimation is also meaningful. Comparing with black box model, gray box model need more high level of user expertise to form the model parameter and estimate parameter value.
4. Conclusion

Data based models are well suited when the physics of system are not clear enough to develop the mathematical relationship and training data are plenty or easy to collect, including both normal and fault data. But data based models are usually limited to the system trained by its process history data and not generic for other systems.  Quantitative models are based on sound physical knowledge, so they can get the most accurate simulation results. Meanwhile, they are the most complicated and need heavy computation, small input error often leads to significant output mistakes.  Qualitative models are easy for development and understanding, because the methods rely on if-then relationship. The weakness is difficulty to update and learn new rules. The models often failed when the operation condition go beyond the defined boundaries.

Comparing other methods, quantitative model is complex and computationally intensive, so they are not the best choice.  When plenty of process history data is available, both qualitative models and data based models are likely to the methods of choice for FDD in HVAC system.
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