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ABSTRACT 

In this project, the building’s electrical equipment by using fuzzy logic rules 

are modeled and the appropriate fuzzy logic controller in order to reduce 

consumption of building’s electrical energy is defined. Buildings are the largest 

consumers of energy worldwide including new residential and industrial buildings. 

The purpose of using fuzzy logic rules for building’s electrical equipment (air 

conditioning system, lighting and blinds) is to save energy in the whole building 

while keeping occupants comfort based on the comfort zone. Most of the intelligence 

controller use the multiple controller consist of lighting controller, HVAC and blind 

controller in order to control the building power consumption or create the math 

model for just one part of building, but in this way, by applying fuzzy rules to the 

plant, there is no need to have any exact mathematical model of building and finally 

designed the fuzzy controller to save power consumption. 

 



 vi 

ABSTRAK 

Dalam projek ini, perkhidmatan bangunan dengan menggunakan kaedah-

kaedah logik kabur model dan pengawal logik yang sesuai kabur untuk 

mengurangkan penggunaan tenaga elektrik bangunan ditakrifkan. Bangunan itu ialah 

pengguna terbesar di seluruh dunia tenaga termasuk bangunan kediaman dan industri 

yang baru. Tujuan menggunakan kaedah-kaedah logik kabur untuk perkhidmatan 

bangunan (sistem penghawa dingin, lampu dan membutakan) adalah untuk 

menjimatkan tenaga di seluruh bangunan sementara memastikan keselesaan 

penghuni berdasarkan zon selesa. Kebanyakan pengawal perisikan menggunakan 

pengawal pelbagai terdiri daripada lampu pengawal, HVAC dan pengawal buta 

untuk mengawal penggunaan bangunan kuasa atau mencipta model matematik untuk 

hanya satu bahagian dari bangunan, tetapi dengan cara ini, dengan menggunakan 

peraturan kabur ke loji , tidak ada keperluan untuk mempunyai apa-apa model tepat 

matematik bangunan dan akhirnya direka pengawal kabur untuk menjimatkan 

penggunaan kuasa. 
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CHAPTER 1 

INTRODUCTION 

1.1       Introduction 

Climate change and growing shortages of resources are the big concerns of 

our time. In addition, many countries around the world are dependent on imported 

energy – in the EU, for example, 50 % of energy consumed today is imported – a 

figure expected to reach 70 % by 2030. Following the areas of transport and power 

generation, building technology is the largest consumer of energy. Heating, cooling 

and lighting in residential and office buildings comprise approximately 40 % of the 

energy consumed in the industrial nations – a share that leaves a lot of scope for 

efficient optimization. In other example, the energy consumed in Malaysia is 90% in 

the form of electricity. It has also been reported that Malaysia has one of the fastest 

growing building industry in the world. However, more than 40% of the energy 

consumed can be reduced if energy efficiency is adapted and sustainable 

technologies are applied to buildings. There are various techniques in order to 

manage consumption of powers for buildings but by using the appropriate way we 

can achieve to the desired result. 
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1.2 Problem Statement 

  As shown in Figure 1.1 consumption of the building is raising over the 40% 

in 2035 as compared to the industry and transportations, which is decreasing and 

remaining constant respectively. Therefore buildings are most important part of 

energy consumption in near future and by designing a controller that can control all 

part of buildings and by an efficient use and control of these systems, important 

energy and economical savings without affecting the users comfort could be gained. 

 

Figure 1.1:  Energy consumption rating in building, industry and 

transportation between 1980 to 2035 according to energy data book 

1.3  Comfort conditions 

In the 1970s and 1980s, the need for energy savings resulted in the design 

and construction of buildings that had small openings, lacked natural ventilation, etc. 

Because people spend more than 80% of their lives in buildings, the environmental 

comfort in a work place is strongly related to the occupants’ satisfaction and 

productivity. On the other hand, as well known, energy consumption is also strongly 
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and directly related to the operation cost of a building. Hence, energy consumption 

and environmental comfort conditions most often are in conflict with one another. 

In the past 20 years, special emphasis has been given to the bioclimatic 

architecture of buildings. Bioclimatic architecture is geared towards energy savings 

and comfort; utilizing glazing and shadowing systems, solar spaces, natural 

ventilation, thermal mass, Trombe walls, cooling systems with evaporation and 

radiation, etc. Bioclimatic architecture focuses on the design and construction of 

bioclimatic buildings that take advantage and make use of solar radiation and natural 

airflow for natural heating and passive cooling. 

The quality of life in buildings (comfort conditions) is determined by three 

basic factors: Thermal comfort, visual comfort, and Indoor Air Quality 

(IAQ) [1],[2],[3] and [4]. Thermal comfort is determined by the index PMV 

(Predictive Mean Vote) [4], PMV is calculated by Fanger’s equation [4] and [5]. 

PMV predicts the mean thermal sensation vote on a standard scale for a large group 

of persons. The American Society of Heating Refrigerating and Air Conditioning 

Engineers (ASHRAE) developed the thermal comfort index by using coding −3 for 

cold, −2 for cool, −1 for slightly cool, 0 for natural, +1 for slightly warm, +2 for 

warm, and +3 for hot. The ISO recommends maintaining PMV at level 0 with a 

tolerance of 0.5 as the best thermal comfort. Visual comfort is determined by the 

illumination level (measured in lux) and by the glare that comes from direct viewing 

of the solar disk. 

Indoor air quality can be indicated by the carbon dioxide (CO2) concentration 

in a building [1] and [3]. The CO2 concentration comes from the presence of the 

inhabitants in the building and from various other sources of pollution (NOx, Total 

Volatile Organic Compounds (TVOC), reparable particles, etc.). Ventilation is an 

important means for controlling indoor-air quality (IAQ) in buildings. Supplying 

fresh outdoor-air and removing air pollutants from interior spaces is necessary for 

maintaining acceptable IAQ levels [6]. However, ventilation rates inside buildings 

must be seriously reduced in order to control the cooling or thermal load in an 
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improved manner and reduce the energy load. In many cases though, this contributes 

to a degradation of the indoor-air quality and to what is generally known as’ sick 

building syndrome’ (SBS) [7]. For these reasons, IAQ is now a major concern in 

building design. Demand-controlled ventilation (DCV) systems offer an efficient 

solution for the optimization of energy consumption and indoor-air quality [8]. 

The main characteristic of DCV systems is that ventilation rates are modified 

according to the value of a certain parameter, for example the CO2 concentration, 

which is representative of the pollutant load in a room. This technique has already 

been successfully applied in many cases by using mechanical ventilation. Dounis et 

al. [9] investigated the potential application of CO2-based DCV to control ventilation 

rates for a building with natural ventilation. Simulations were performed in which 

window openings were adjusted based on measured CO2 concentrations. Due to 

concerns over the constant variation of natural ventilation driving forces, fuzzy logic 

was used instead of conventional on–off or PID control. Carbon dioxide 

concentrations, window openings, and air temperatures are presented for a simulated 

day. The feasibility of such a system was demonstrated. 

Wang et al. [10] developed a robust control strategy to overcome the control 

difficulties when DCV control is combined with economizer control. The main 

difficulty is the emergence instability phenomena (alternation and oscillation) in the 

transition phase between different control modes. Wang et al. [11] developed an 

optimal and robust control of outdoor ventilation airflow rate. This strategy employs 

a dynamic algorithm to estimate the number of occupants in the indoor building 

based on the CO2 measurement. The optimal robust control strategy achieves indoor 

air quality and minimum energy consumption. Hence, the second main goal and 

characteristic of advanced control systems is the achievement of occupants’ 

comfort conditions. 
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1.4 Background of the Study 

1.4.1 Intelligence buildings 

According to the above matter, intelligence building is becoming one of the 

main factors of the future building construction. Advantages of these buildings, such 

as high-level comfort, high power efficiency, environmental friendliness, result in 

using this kind of building in order to satisfying consumers. This technology is a 

hardware/software combination of microprocessors, and artificial intelligence (AI) 

software that yields artificial intelligence based tools to monitor the power 

consumption of a device.  

 

Figure 1.2: Smart building using sensors and relevant actuator 

Figure 1.2 is shown the overall features of smart buildings .The main propose 

of using smart buildings is to predict when building’s equipment will not be used so 

that it may be either powered down, or placed in a low power consumption mode. 
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1.4.2 Using controller toward energy saving 

Now, the important matter is that, which kind of controller must be used to 

achieve desired result in consumption of power? Previous studies showed that by 

using the math model of every services and creating the relevant model in each part 

of building such as lighting, HVAC and blinding, power is saved approximately 

about 11~31%. But obtaining this amount of saving requires applying exact math 

model of the every part of building and designing several controllers, which they 

should work together at the same time to achieve the desired result. In this project, 

we are going to discuss about the unique model of building which is consist of all 

services by using fuzzy logic algorithm and then designing the relevant controller 

according to the fuzzy rules. 

1.4.3 Fuzzy logic system as controller 

The use of fuzzy logic can help to circumvent the need for strict 

mathematical modeling. Fuzzy logic is a valid extension of conventional logic, and 

fuzzy logic controllers are a true extension of linear control models. Therefore, 

anything built for using conventional design techniques can be built with fuzzy logic, 

and vice-versa. However, in a number of cases, conventional design methods would 

have been excessively complex and, in many cases, might prove simpler, faster and 

more efficient. 
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Figure 1.3: Using fuzzy logic system as model for building power managing 

system including sensors and actuators 

1.5 Objectives of the Study 

Living space climate regulation is a multivariate problem having no unique 

solution, particularly in solar buildings. More specifically, the goals of an intelligent 

management system for energy and comfort are as follows: 

(i) High comfort level: Learn the comfort zone from the user’s 

preference, and guarantee a high comfort level (thermal, air quality 

and luminance) and good dynamic performance. 

(ii) Energy savings: Combine the comfort conditions control with an 

energy saving strategy. 

(iii) Air quality control: Provide CO2-based demand-controlled ventilation 

(DCV) systems. 
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1.6 Scopes of the Study 

(i) Using fuzzy logic rules as data for controller  

(ii) Designing the unique model for buildings  

(iii) Comparing the output amount while applying the desired amount 

from comfort zone chart   

1.7 Thesis Organization 

This thesis is organized as follows. Chapter 2 provides detailed explanations 

of smart building, which is used controller in order to reduce consumption of power 

in buildings. After that, Chapter 3 discusses the steps of designing of fuzzy logic 

membership functions and relevant fuzzy rules and defining the model for buildings 

at end of Chapter 3. Chapter 4 discusses the results and comparison with comfort 

zone chart. Chapter 5 ends this thesis with conclusions and recommendations for 

future works. Finally, the references are placed at the back of this thesis. 

 



 

REFERENCES 
 
 
1. ASHRAE Standard 62.2-2003. Ventilation and acceptable indoor air quality 

in low-rise residential buildings; 2003. 
 

2. ASHRAE handbook 2005—fundamentals; 2005. 
 

3. Emmerich SJ, Persily AK.,  State-of-the-art review of CO2 demand controlled 
ventilation technology and application. NISTIR 6729, National Institute of 
Standards and Technology, California Energy Commission, Technical report 
(demand-controlled ventilation assessment, P-500-03-096-A8); October 
2003. p. 1–43. 

 
4. P.O. Fanger Thermal comfort: analysis and applications in environmental 

engineering, McGraw-Hill, New York (1972) 
 

5. K. Chen, Y. Jiao, E.S. Lee, Fuzzy adaptive networks in thermal comfort 
, Applied Mathematics Letters, 19 (5) (2006), pp. 420–426 

6. ISO 7730 (International Standard), Moderate thermal environments 
determination of the PMV and PPD indices and specification of the 
conditions for thermal comfort; 1994. 
 

7. C.A. Redlich, J. Sparer et al., Sick building syndrome Lancet, 349 (9057) 
(1997), pp. 1013–1016 

 
8. Raatchen W (Ed.), Demand controlled ventilating systems: state of the art 

review, International Energy Agency (1990) [Annex 18] 

 
9. A.I. Dounis, M. Bruant, G. Guarrancino, P. Michel, M.J. Santamouris ,Indoor 

air quality control by a fuzzy reasoning machine in naturally ventilated 
buildings Applied Energy, 54 (1) (1996), pp. 11–28 

 
10. S. Wang, X. Xu, A robust control strategy for combining DCV control with 

economizer control Energy Conversion and Management, 43 (2002), pp. 
2569–2588 

 
11. S. Wang, X. X, Optimal and robust control of outdoor ventilation airflow 

rate for improving energy efficiency and IAQ,Building and Environment, 39 
(2004), pp. 763–773 

 
12. G.J. Levermore, Building energy management systems: an application to 

heating and control,E & FN SPON, London (1992) 
 

13. A.I. Dounis, M. Bruant, M.J. Santamouris, G. Guarrancino, P. Michel, 
Comparison of conventional and fuzzy control of indoor air quality in 
buildings, Journal of Intelligent & Fuzzy Systems, 4 (2) (1996), pp. 131–140 



 
 

69 

14. C. Bernard, B. Guerrier, M.M. Rasset-Louerant, Optimal building energy 
management. Part II: Control, ASME Journal of Solar Energy Engineering, 
114 (1982), pp. 13–22 
 

15. P.S. Curtis, G. Shavit, K. Kreider, Neural networks applied to buildings—a 
tutorial and case studies in prediction and adaptive control, ASHRAE 
Transactions, 102 (1) (1996) 

 
16. P.J. Lute, V.A.H. Paassen, Predictive control of indoor temperatures in office 

buildings energy consumption and comfort, Clima 2000 (1989) 
 

17. C.G. Nesler, Adaptive control of thermal processes in building, IEEE Control 
Systems Magazine, 6 (4) (1986), pp. 9–13 

 
18. J. Teeter, M.Y. Chow, Application of functional link neural network to HVAC 

thermal dynamic system identification, IEEE Transactions on Industrial 
Electronics, 45 (1) (1998), pp. 170–176 
 

19. E.H. Mathews, D.C. Arndt, C.B. Piani, E. Heerden, Developing cost efficient 
control strategies to ensure optimal energy use and sufficient indoor comfort, 
Applied Energy, 66 (2000), pp. 135–159 

 
20. C.B. Winn, Controls in solar energy systems, Advances in Solar Energy 

(American Solar Energy Society), 1 (1982), pp. 209–220 
 

21. M.T. Lah, Z. Borut, J. Peternelj, A. Krainer, Daylight illuminance control 
with fuzzy logic, Solar Energy, 80 (2006), pp. 307–321 
 

22. A.I. Dounis, D.E. Manolakis, Design of a fuzzy system for living space 
thermal-comfort regulation, Applied Energy, 69 (2001), pp. 119–144 

 
23. P. Dorato, Optimal temperature-control of solar energy systems, Solar 

Energy, 30 (1983), pp. 147–153 
 

24. J.W. Arthur Mac, E.W. Grald, Optimal comfort control for variable-speed 
heat pumps, ASHRAE Transactions, 94 (1998), pp. 1283–1297 

 
25. S. Wang, X. Jin, Model-based optimal control of VAV air-conditioning 

system using genetic algorithms, Building and Environment, 35 (2000), pp. 
471–487 

 
26. M. Zaheer-uddin, G.R. Zheng, Optimal control of time scheduled heating, 

ventilating and air conditioning processes in buildings, Energy Conversion 
and Management, 41 (2000), pp. 49–60 

 
27. J. House, T. Smith, A system approach to optimal control for HVAC and 

building systems, ASHRAE Transactions, 101 (2) (1995), pp. 647–660 
 

 



 
 

70 

28. M. Kummert, P. Andre, J. Nicolas, Optimal heating control in a passive solar 
commercial building, Solar Energy, 69 (Nos. 1–6) (2001), pp. 103–116 

 
29. D. Burghes, A. Graham, Introduction to control theory including optimal 

control, Ellis Horwood Ltd. (1980) 
 

30. T. Inoue, T. Kawase, T. Ibamoto, S. Takakusa, Y. Matsuo, The development 
of an optimal control system for window shading devices based on 
investigations in office buildings, ASHRAE Transactions, 104 (1998), pp. 
1034–1049 

 
31. T. Chen, Real-time predictive supervisory operation of building thermal 

systems with thermal mass, Energy and Buildings, 33 (2) (2001), pp. 141–150 
 

32. N. Morel, M. Bauer, El-Khoury, J. Krauss, Neurobat, a predictive and 
adaptive heating control system using artificial neural networks, International 
Journal of Solar Energy, 21 (2000), pp. 161–201 

 
33. Nygard A. Predictive thermal control of building systems. PhD thesis. 

Lausanne, Switzerland: Swiss Federal Institute of Technology; 1990. 
 

34. H.N. Lam, Stochastic modeling and genetic algorithm based optimal control 
of air conditioning systems, Building Simulation (1993), pp. 435–441 

 
35. A.H. Paassen, S.H. Liem, P.J. Lute, Digital control systems for passive solar 

buildings, CEC-Project Pastor (1990) 
 

36. S. Milanic, R. Karba, Neural network models for predictive control of a 
thermal plant, Proceedings of the international conference on EANN’96, 
London (UK) (1996), pp. 151–154 

 
37. L. Lopez, Sanchez, F. Doctor, H. Hagras, V. Callaghan, An evolutionary 

algorithm for the off-line data driven generation of fuzzy controllers for 
intelligent buildings, Systems, man and cybernetics, 2004 IEEE international 
conference on volume 1, October 10–13 (2004), pp. 42–47 

 
38. F. Calvino, M.L. Gennusca, G. Rizzo, G. Scaccianoce, The control of indoor 

thermal comfort conditions: introducing a fuzzy adaptive controller, Energy 
and Buildings, 36 (2004), pp. 97–102 

 
39. J. Singh, N. Singh, J.K. Sharma, Fuzzy modeling and control of HVAC 

systems—a review, Journal of Scientific and Industrial Research, 65 (6) 
(2006), pp. 470–476 

 
40. Kolokotsa D. Design and implementation of an integrated intelligent building 

indoor environment management system using fuzzy logic, advanced decision 
support techniques, local operating network capabilities and smart card 
technology. PhD. Technical University of Crete; 2001. 

 



 
 

71 

41. C.C. Federspiel, H. Asada, User-adaptable comfort control for HVAC 
systems, Journal of Dynamic Systems, Measurement and Control, 116 (3) 
(1994), pp. 474–486 

 
42. Kanarachos, K. Geramanis, Multivariable control of single zone hydronic 

heating systems with neural networks, Energy Conversion Management, 13 
(13) (1998), pp. 1317–1336 

 
43. K. Asakawa, H. Takagi, Neural networks in Japan, Communications of the 

ACM, 37 (3) (1994), pp. 106–112 
 
44. S. Huang, R.M. Nelson, Rule development and adjustment strategies of fuzzy 

logic controller for an HVAC system. Part 1: Analysis and part two-
experiment, ASHRAE Transactions, 1 (1994), pp. 841–856 
 

45. A.B. Shepherd, W.J. Batty, Fuzzy control strategies to provide cost and 
energy efficient high quality indoor environments in buildings with high 
occupant densities, Building Service Engineering Research and Technology, 
24 (1) (2003), pp. 35–45 

 
46. T. Tobi, T. Hanafusa, A practical application of fuzzy control for an air-

conditioning system, International Journal of Approximate Reasoning, 5 
(1991), pp. 331–348 

 
47. J. Liang, R. Du, Thermal comfort control based on neural network for HVAC 

application, Control applications 2005, CCA 2005, proceedings of 2005, 
IEEE conference (2005), pp. 819–824 

 
48. K.V. Ling, A.L. Dexter, G. Geng, P. Haves, Self-tuning control with fuzzy 

rule-based supervision for HVAC applications, IFAC intelligent tuning and 
adaptive control, Singapore (1991), pp. 205–209 

 
49. A.I. Dounis, M.J. Santamouris, C.C. Lefas, Implementation of A.I. techniques 

in thermal comfort control for passive solar buildings, Energy Conversion 
and Management, 33 (3) (1992), pp. 175–182 

 
50. C. Altrock, H.O. Arend, B. Krause, C. Steffens, E. Behrens-Rommler, 

Adaptive fuzzy control applied to home heating system, Fuzzy Sets and 
Systems, 61 (1994), pp. 29–35 

 
51. M.M. Ardehali, M. Saboori, M. Teshnelab, Numerical simulation and 

analysis of fuzzy PID and PSD control methodologies as dynamic energy 
efficiency measures, Energy Conversion and Management, 45 (2004), pp. 
1981–1992 

 
52. A.I. Dounis, M. Bruant, M. Santamouris, Optimization of fuzzy controller for 

thermal and indoor air quality in buildings using Genetic Algorithms, 
Applications modern technologies in automatic control, Technical Chamber 
of Greece, Athens, December 14–15 (1995), pp. 115–119 [in Greek] 

 



 
 

72 

53. A.I. Dounis, M. Santamouris, C.C. Lefas, A. Argiriou, Design of a fuzzy set 
environment comfort system, Energy and Buildings, 22 (1994), pp. 81–87 

 
54. A.I. Dounis, M.J. Santamouris, C.C. Lefas, Building visual comfort control 

with fuzzy reasoning, Energy Conversion and Management, 34 (1) (1993), pp. 
17–28 

 
55. A.I. Dounis, C. Caraiscos, Intelligent technologies for energy efficiency and 

comfort in a building environment, International conference of technology 
and automation, Thessaloniki (2005), pp. 91–95 

 
56. A.I. Dounis, C. Caraiscos, Intelligent coordinator of fuzzy controller—agents 

for indoor environment control in buildings using 3-d fuzzy comfort set, 2007 
IEEE international conference on fuzzy systems, Imperial College, London, 
UK, July 23–27 (2007) 

 
57. M. Eftekhari, L. Marjanovic, P. Angelov, Design and performance of a rule-

based controller in a naturally ventilated room, Computers in Industry, 51 (3) 
(2003), pp. 299–326 

 
58. B. Egilegor, J.P. Uribe, G. Arregi, E. Pradilla, L. Susperregi, A fuzzy control 

adapted by a neural network to maintain a dwelling within thermal comfort, 
5th internation97, September 8–10 (1997) 

 
59. G. Fraisse, J. Virgone, J.J. Roux, Thermal comfort of discontinuously 

occupied building using a classical and a fuzzy logic approach, Energy and 
Buildings, 26 (1997), pp. 303–316 

 
60. C. Ghiaus, Fuzzy model and control of a fan coil, Energy and Buildings, 33 

(2001), pp. 545–551 
 

61. M. Gouda, S. Danaher, C. Underwood, Thermal comfort based fuzzy logic 
controller, Building Services Engineering Research and Technology, 22 (4) 
(2001), pp. 237–253 

 
62. Guillemin A. Using genetic algorithms to take into account user wishes in an 

advanced building control system. PhD. École Polytechnique Fédérale De 
Lausanne; 2003. 

 
63. Guillemin, N. Morel, An innovative lighting controller integrated in a self-

adaptive building control system, Energy and Buildings, 33 (5) (2001), pp. 
477–487 

 
64. Guillemin, S. Molteni, An energy-efficient controller for shading devices self-

adapting to the user wishes, Building and Environment, 37 (2002), pp. 1091–
1097 

 
 



 
 

73 

65. D. Kolokotsa, Z. Liao, K. Kalaitzakis, G. Stavrakakis, A. Pouliezos, E. 
Antonidakis et al., Smart energy managements in the built environment, 
International conference in protection 2004, June (2004) 

 
66. D. Kolokotsa, K. Niachou, V. Geros, K. Kalaitzakis, G.S. Stavrakakis, 

M.Santamouris, Implementation of an integrated indoor environment and 
energy management system, Energy and Buildings, 37 (2005), pp. 93–99 

 
67. D. Kolokotsa, G.S. Stavrakakis, K. Kalaitzakis, D. Agoris, Genetic 

algorithms optimized fuzzy controller for the indoor environmental 
management in buildings implemented using PLC and local operating 
networks, Engineering Applications of Artificial Intelligence, 15 (2002), pp. 
417–428 

 
68. D. Kolokotsa, D. Tsiavos, G. Stavrakakis, K. Kalaitzakis, E. Antonidakis, 

Advanced fuzzy logic controllers design and evaluation for buildings’ 
occupants thermal–visual comfort and indoor air quality satisfaction, Energy 
and Buildings, 33 (6) (2001), pp. 531–543 
 

69. D. Kolokotsa, Comparison of the performance of fuzzy controllers for the 
management of the indoor environment, Building and Environment, 38 
(2003), pp. 1439–1450 
 

70. U. Rutishauser, J. Joller, R. Douglas, Control and learning of ambience by an 
intelligent building, IEEE Transactions on Systems, Man, and Cybernetics, 
Part A: Systems and Humans, 35 (1) (2005), pp. 121–132 

 
71. M.T. Lah, Z. Borut, A. Krainer, Fuzzy control for the illumination and 

temperature comfort in a test chamber, Building and Environment, 40 (2005), 
pp. 1626–1637 

 
72. M. Hamdi, G. Lachiever, A fuzzy control system based on the human 

sensation of thermal comfort, Fuzzy systems proceedings, 1998. IEEE world 
congress on computational intelligence. The 1998 IEEE international 
conference, vol. 1, May 4–9 (1998), pp. 487–492 

 
73. J.S.R. Jang, C.T. Sun, E. Mizutani, Neuro-fuzzy and soft computing, Prentice 

Hall (1996) 
 

74. C.P. Kurian, S. Kuriachan, J. Bhat, R.S. Aithal, An adaptive neuro-fuzzy 
model for the prediction and control of light in integrated lighting schemes, 
Lighting Research and Technology, 37 (4) (2005), pp. 343–352 

 
75. Argiriou, I. Bellas-Velidis, M. Kummert, P. Andre, A neural network 

controller for hydronic heating systems of solar buildings, Neural Networks, 
17 (2004), pp. 427–440 

 
76. Argiriou, I. Bellas-Velidis, C.A. Balaras, Development of a neural network 

heating controller for solar buildings, Neural Networks, 13 (2000), pp. 811–
820 



 
 

74 

 
77. Argiriou, C.A. Balaras, I. Bellas, A.I. Dounis, Use of artificial neural 

networks for predicting the heating requirements of single family houses, 
International Journal of Knowledge-Based Intelligence Engineering Systems, 
5 (5) (2001), pp. 234–239 

 
78. N.I. Barnard, Neural networks: potential areas of application in building 

services, Building Service Engineering Research and Technology, 14 (4) 
(1993), pp. B14–B18 

 
79. J.F. Kreider, Neural networks applied to building energy studies, H. Bloem 

(Ed.), Workshop on parameter identification, JCR Ispra, Ispra (1995), pp. 
243–251 

 
80. M. Mozer, The neural network house: an environment that adapts to its 

inhabitants, M. Coen (Ed.), Proceedings of the American association for 
artificial intelligence spring symposium on intelligent environments, AAAI 
Press, Menlo Park, CA (1998), pp. 110–114 

 
81. A.E. Ben-Nakhi, M.A. Mahmoud, Energy conservation in buildings through 

efficient A/C control using neural networks, Applied Energy, 73 (2001), pp. 
5–23 

 
82. F. Yamada, K. Yonezawa, S. Sugarawa, N. Nishimura, Development of air-

conditioning control algorithm for building energy-saving, IEEE 
international conference on control applications, Hawaii, USA (1999) 

 
83. B. Hu, G.K.I. Mann, R.G. Gosine, A systematic study of fuzzy PID 

controllers—Function-based evaluation approach, IEEE Transaction on 
Fuzzy Systems, 9 (2001), pp. 699–712 

 




