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Abstract 
The world is facing a severe energy crisis, which is likely to worsen in the future 

unless some deliberate steps are taken to control the energy consumption. Building 

sector consumes a major share of electricity produced. Many of the conventional 

equipment and appliances used in buildings are either inefficient or are not controlled 

efficiently. Hence, there lies a lot of scope in reducing the energy usage in buildings. 

Developed countries have already shown that proper design and energy saving 

measures can bring down the energy consumption in a conditioned building from 400 

kWh/m2  per annum to 100 kWh/m2  per annum. In India, this figure is nearly 300 

kWh/m2  per annum. Additional energy savings are possible by the use of building 

automation systems. These systems not only save energy but can also help in 

increasing the comfort levels in buildings that can lead to higher productivity. 

Substantial research work is going on in the field of building automation. Emphasis is 

generally laid on heating and cooling systems, as they are energy intensive systems. 

Work is also in progress in the areas of lighting control, task conditioning, daylighting, 

wireless sensors etc. Researchers usually employ conventional control methodologies 

in building automation systems. It has been shown by some researchers that the use of 

fuzzy logic can enhance the performance of automation systems in buildings, as 

processes in buildings are generally non-linear and hence difficult to model. Further, as 

all buildings are different, tuning of controllers is required for each installation. Fuzzy 

logic has an advantage that it can be easily tuned and can also be made self-

tuning/adapting. 
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Fuzzy controls can be used in buildings for controlling many processes. In this work, 

application of fuzzy logic in control of task heating, venetian blind and wireless 

sensors is explored. Moreover, smart occupancy sensor was designed to enhance 

energy savings and achieve higher level of comfort. These areas of work were chosen, 

as there was enough scope of improvement from the point of view of energy savings 

and controller performance. The work was experimental in nature. Designs of various 

controllers were studied, analyzed, implemented and experiments were done to 

validate these designs. 

Occupancy sensors have been used for quite some time now to switch off the devices 

when targeted areas are unoccupied. Existing occupancy sensors have a fixed time 

delay after which it inactivates the load. Activity levels of human beings change from 

person to person and from time to time for the same person. One particular setting of 

occupancy sensor cannot therefore be suitable to every individual for all the times of 

the day from the criteria of energy savings and comfort. Thus, the need of a smart 

occupancy sensor arises that can adjust itself to the activity pattern of the user in its 

controlled space. In this work, new type of occupancy sensors have been developed 

which have a variable time delay. The advantage of these smart occupancy sensors is 

that they can adjust themselves to different environments with different activity levels. 

Use of such occupancy sensors has shown substantial improvement in energy savings 

and lesser false triggering. Our experiments have shown that intelligent occupancy 

sensors can save about 5% - 10% more energy than ordinary sensors. Till now no 

significant work has been reported regarding the modelling of human movement as 

detected by an occupancy sensor. We have proposed a model based on Pareto 

distribution to model human inactivity period. An occupancy sensor that used this 
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model to predict occupancy was also developed and tested. By using this method there 

is a possibility of giving the "chances of false triggering" as an input setting to the 

occupancy sensor. 

In big offices where people sit in cubicles, it is difficult to control the environment for 

the satisfaction of everyone. In addition, it is difficult to control different zones of a 

room according to different requirements of the users. The concept of task control is 

fast picking up and products based on the concept have been introduced in the 

consumer market. Task heating/cooling can significantly reduce energy consumption 

as compared to ambient heating/cooling. Most of the task control devices that are 

commercially available use conventional controls. Use of fuzzy logic can enhance the 

performance of such devices. In this work a fuzzy logic controller was developed for 

task heating. Experiments were performed to observe the performance of the controller 

and energy saving potential. A set up was made in which localized heating near a 

working table was controlled by fuzzy logic controller. Smart occupancy sensor was 

used to detect the occupancy. It was observed that about 48% energy savings are 

possible by the use of task heating and smart occupancy sensor as compared to 

ambient heating. It was also possible to control the temperature near the task area 

within a close limit of +0.5°C. 

Control of venetian blind is a complex issue still evading a satisfying answer. A 

venetian blind is a very complex and non-linear system. This makes it difficult to 

model. Use of fuzzy logic can therefore enhance the performance of venetian blind 

control. An attempt has been made in this research to design a fuzzy logic controller 

for venetian blind control. The controller was tested on a venetian blind along with 
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dimmable lighting controls. It was observed that fuzzy logic controller handled the 

non-linearity in venetian blind system efficiently. The controller could maintain 

workplane illumination with very less blind movements. Our experiments showed that 

more than 80% energy savings are possible by the use of automated blind and 

dimmable task lighting with smart occupancy sensor. 

Use of wireless sensors and devices in building automation is a new and emerging 

field. There are various issues related to the use of wireless devices in buildings. These 

issues have been discussed by different researchers. Still a targeted discussion 

especially suited for building automation is missing. In this work, an attempt has been 

made to fill this gap and these issues are discussed. Different wireless sensors based on 

various methods of triggering were designed and experiments were conducted using 

them. Simulations were done in ns (Network Simulator) to show the potential for 

saving energy in wireless sensor networks. Further, a fuzzy logic based network 

communication protocol for an energy efficient wireless network was also proposed. 



List of Figures 
Figure no. 	 Title 	 Page no. 

1.1 	Fuzzy sets Cool, Normal and Warm temperature 	I-15 
1.2 	Fuzzy sets Low, Medium and High humidity 	 1-15 
1.3 	Fuzzy sets Zero, Low, Medium, High and Full cooling 	1-15 
1.4 	Cooling output as function of Temperature and Humidity 1-19 
1.5 	Firing of rules for temperature = 25°C and humidity = 50% 1-19 
1.6 	Firing of rules for temperature = 26°C and humidity = 60% 1-19 
2.1 	Isometric view of two rooms where experiments were 

performed 
2.1(a) Isometric view of Room 1 	 11-2 
2.1(b) Isometric view of Room 2 	 11-3 

2.2 	Climatic zones of India 	 I1-5 
2.3 	Installation details of blind control system 	 11-14 
2.4 	Position feedback from the blind 	 II-15 
2.5 	Circuit for driving the motor 	 11-16 
2.6 	Triac controller circuit diagram 	 11-19 
2.7 	Calibrated error of LM335 	 11-22 
2.8 	Thermal time constant of LM335 	 11-22 
2.9 	Thermal response in still air of LM335 	 11-22 
2.10 	Vertical and Horizontal field of view of the occupancy sensor 

2.10(a) Vertical field of view 	 11-24 
2.10(b)Horizontal field of view 	 11-24 

2.11 	Controller tower transmitter 	 11-25 
2.12 	Cassiopeia A-10 	 11-28 
2.13 	Different components of X-10 system 

2.13(a) Wireless link module 	 11-31 
2.13(b)Lamp module 	 II-31 
2.13(c) Palm pad 	 11-31 
2.13(d)Computer interface 	 11-31 

2.14 	Typical spectral response of LI-COR photometeric sensors 
vs. wavelength and the CIE standard observer curve 	11-33 

2.15 	Circuit diagram of instrumentation amplifier 	 11-35 
3.1 	Placement of occupancy sensor 	 III-13 
3.2 	Unoccupied and occupied periods on a typical day 	111-12 
3.3 	"TD1" with time of the day, as learned by the occupancy 

sensor in 5 days training 	 111-12 
3.4(a) No of observations vs. inactivity period in seconds 	111-19 
3.4(b) Detailed view 	 111-19 
3.4(c) Log-Log graph of the 3.4(a) 	 111-20 

3.5 	Variation of TD with p 	 111-21 
4.1 	Layout of Laboratory 	 IV-6 
4.2 	Front view of the task control area 	 IV-7 



Fuzzy Logic Controls: Applications to Building Automation Systems 

	

4.3 	Side view of the task control area with warm air movement IV-8 

	

4.4 	Power control using Triac 	 IV-9 

	

4.5 	Heating power controller card 	 IV-11 

	

4.6 	Temperature sensor LM335 	 IV-11 

	

4.7 	Variation of output voltage with the input signal to the 
triac controller 	 IV-10 

	

4.8 	Membership function plots for input and output of FLC 
For heater 

4.8(a) Block diagram of fuzzy logic controller for heater control IV-13 
4.8(b) Membership function plots for error in temperature 	IV-15 
4.8(c) Membership function plots for change in error in 

temperature 	 IV-15 
4.8(d) Membership function plots for output of fuzzy logic 

controller 	 IV-15 

	

4.9 	Surface view of the fuzzy controller 	 IV-17 

	

4.10 	Temperature response of thermostat based heater control IV-19 

	

4.11 	Temperature response of fuzzy logic heater controller 	IV-20 

	

4.12 	Performance of fuzzy logic controller with change in 
setpo int 	 IV-23 

	

4.13 	Performance of fuzzy logic controller with change in 
S etpo int 	 IV-25 

	

4.14 	Variation of temperature: below the table, and ambient air, 
With time of the day, on a typical day with fixed set point 
of 30°C below the table 	 IV-29 

	

4.15 	Output power of the heater over one working day 	IV-28 

	

4.16 	Percentage of energy consumed in task heating and 
percentage break up of energy savings obtained by 
different strategies of occupancy sensor 	 IV-34 

	

5.1 	Internal layout of the experimental room 	 V-17 

	

5.2 	Plan of the room 	 V-19 

	

5.3 	Section of the room 	 V-20 

	

5.4 	Location of the room in the block, glazed side facing North V-21 

	

5.5 	Location of the room with reference to the front block 
21 

	

5.6 	Vertical shadow angle for top and bottom of the window V-23 

	

5.7 	Definition of blind angle (a) 	 V-24 

	

5.8 	Correlation between lux level with voltage signal to 
dimmable ballast 	 V-25 

	

5.9 	Variation of efficiency with the operating point voltage 
signal 	 V-25 

	

5.10 	Normalized lux output v/s normalized load of the ballast 	V-26 

	

5.11 	Fixture with two 55 W dimmable CFLs used for task 
lighting 	 V-27 

	

5.12 	Continuously dimmable electronic ballast 	 V-27 

	

5.13 	Shielded photo-sensor 	 V-27 

	

5.14 	DC motor with batter pack and IR sensor to control the 
blind angle 	 V-27 



List of Figures 

5.15 Stepper motor connected to the shaft of the DC motor to 
change the blind angle V-27 

5.16 Li-Cor lux meter used for calibration V-27 
5.17 Correlation between blind position, sensor signal and 

blind angle V-30 
5.18 Shielding of the photo-sensor to prevent direct light from 

the window to enter in it V-32 
5.19 Variation of light distribution in room with the change in 

blind angle V-37 
5.20 variation of illuminance on the workplane with variation in 

blind angle for different times of the day V-39 
5.21 Correlation between photo-sensor signal and measured 

workplane illumination V-41 
5.22 Correlation between electric lighting power consumption 

and measured workplane illuminance V-41 
5.23 Correlation between photo-sensor signal and measured 

daylight workplane illuminance with various blind angles 
for different times of the day 

5.23(a)Correlation between workplane illuminance and 
photo-sensor signal for various blind angles V-43 

5.23(b)Zoomed view V-43 
5.24 Variation in the daylighting correlation coefficient V-45 
5.25 Variation in the daylighting correlation coefficient V-49 
5.26 Membership function of different input and output of FLC V-53 
5.27 The surface plot of ' Error and Time of Blind' with 

different values of ' Change in error' of the fuzzy logic 
rules by Matlab's Fuzzy logic Toolbox V-57 
Performance of FLC when setpoint is changed 5.28 V-59 

5.29 Performance of FLC when impulse is given V-59 
5.30 Performance of the controller over a day V-63 
5.31 Energy savings by replacing ordinary T8 lamps with high 

efficiency CFL with dimmable ballast and task lighting 
and venetian blind control for natural light V-65 

5.32 Contour plots of lux level distribution when task lighting 
is used and when T8 lamps are used V-66 

6.1 Temperature sensor Si using sensor S2 to relay its data to 
heater H1 VI-4 

6.2 Gossiping VI-13 
6.3 Broadcasting VI-14 
6.4 Gossiping VI-15 
6.5 The implosion problem VI-16 
6.6 The overlap problem VI-17 
6.7 Energy/packet as a metric VI-23 
6.8 Example of a battery discharge function VI-26 
6.9 The input and output variables of the fuzzy logic used VI-31 
6.10 Fuzzy variable power VI-31 
6.11 Fuzzy variable load VI-31 
6.12 Fuzzy variable battery VI-32 
6.13 Fuzzy variable output VI-32 



Fuzzy Logic Controls: Applications to Building Automation Systems 

6.14 Variation of output with battery and power for load = 0 VI-33 
6.15 Variation of output with battery and power for load .--- 0.5 VI-33 
6.16 Variation of output with battery and power for load = 1 VI-33 
6.17 Digital wireless transmitter VI-37 
6.18 Analog transmitter and receiver 

6.18(a) Transmitter VI-39 
6.18(b) Receiver VI-40 

6.19 Internal time base trigger V1-41 
6.20 RF external trigger VI-42 
6.21 Change in input trigger mechanism VI-44 
6.22 Wireless sensor developed in this research work VI-45 
6.23 Different scenarios of wireless nodes simulated in ns VI-57 



Table of contents 

1. Introduction 

	

1.1 	Introduction 

	

1.2 	Background 

	

1.3 	Context of the research in brief 

I-1 

1-2 

1-8 
1.3.1 	Scientific and technical significance of the research 1-8 

1.3.1.1 Smart occupancy sensor 1-8 

1.3.1.2 Task control for heating 1-9 

1.3.1.3 Control of venetian blind and artificial light 1-9 

1.3.1.4 Wireless sensors and devices I-10 

1.3.2 	Market potential I-10 

1.3.3 	Funding I-11 

1.4 Why fuzzy control and where does it fit in? I-11 
1.4.1 	Working of fuzzy logic I-13 
1.4.2 	Brief description of intelligence based systems 1-21 

1.5 What is building automation/intelligent building? 1-24 
1.6 What to expect: a road-map for this thesis 1-27 

1.6.1 	Experimental setup 1-27 

1.6.2 	Smart Occupancy Sensor in Energy Management 1-28 

1.6.3 	Task control for energy savings in heating 1-29 

1.6.4 	Control of artificial light and venetian blind 1-29 

1.6.5 	Development of wireless sensors and issues related to wireless 

networks 1-30 

1.6.6 	Conclusions and future scope 1-30 

2. Experimental Setup 

2.1 Introduction II-1 

2.2 Climate of Delhi 11-5 



Fuzzy Logic Controls: Applications to Building Automation Systems 

2.2.1 Summary of typical climatic features of New Delhi 

2.3 	Equipment 

2.4 	Computer specifications 

2.4.1 Dynamic Data Exchange 

2.4.2 Internet connectivity 

2.5 	Data acquisition card (DAQ) 

2.5.1 Accuracy of the analog input channel 

2.5.2 Accuracy of the analog output channel 

2.6 	Venetian blind with DC motor 

2.6.1 Position feedback 

2.7 	Venetian blind with Stepper motor 

2.8 	AC on/off sensor 

2.9 	Triac controller 

2.10 Dimmable CFL lamps 

2.10.1 Dimmers 

2.10.2 Lamps 

2.11 Temperature sensor 

2.11.1 Specifications 

2.12 Occupancy sensor 

2.13 Control tower transmitter 

2.14 Wireless sensors 

2.15 Cassiopeia A-10 

2.16 X-10 PLCC kit 

2.17 220-110 volts converter 

2.18 LiCor lux meter 

2.19 Instrumentation amplifier 

2.20 Indoor climate analyzer 

3. 	Smart Occupancy Sensor in Energy Management 

3.1 	Introduction 

3.2 	Working of occupancy sensor 

3.3 Methodology 

3.4 	Experimental setup 

11-6 

11-7 

11-7 

11-9 

II-10 

II-11 

11-12 

11-12 

11-13 

11-15 

11-15 

11-16 

11-17 

11-20 

11-20 

11-20 

11-21 

11-21 

11-23 

11-24 

11-27 

11-27 

11-29 

11-30 

11-30 

11-34 

11-35 



Table of Contents 

3.5 	Logic for occupancy sensor 

3.5.1 Method 1 

3.5.1.1 Observations 

3.5.1.2 Explanation of graphs 

3.5.1.3 Energy savings 

3.5.2 Method 2 

3.5.2.1 Energy savings 

3.5.2.2 Validity of model for different users 

3.6 Conclusion 

4. 	Task Control for Energy Savings in Heating 

4.1 	Introduction 

4.2 	Experimental setup 

4.3 	Use of fuzzy logic 

4.3.1 Fuzzy rules for heater control 

4.4 	Use of smart occupancy sensor 

4.5 Observations 

4.6 	Energy savings 

4.6.1 Savings by use of task heating 

4.6.2 Savings by use of occupancy sensors 

4.7 	Results and discussions 

4.8 Conclusions 

IV-1 

IV-6 

IV-13 

IV-16 

IV-17 

IV-19 

IV-30 

IV-30 

IV-31 

IV-35 

IV-36 

5. 	Control of Artificial Light and Venetian Blind 

5.1 	Introduction 

5.2 	Performance issues and requirements of a fenestration system 

5.3 	Desired illumination and luminance levels 

5.4 	Saving potentials 

5.5 	Thermal impacts 

5.6 	Lighting controls 

5.7 	Control of automated venetian blind 

5.8 	Thermal aspects 

5.9 	Daylighting aspects 

V-1 

V-6 

V-6 

V-7 

V-7 

V-8 

V-9 

V-10 

V-11 



Fuzzy Logic Controls: Applications to Building Automation Systems 

V-12 

V-13 

V-15 

V-23 

V-24 

V-29 

V-29 

V-30 

V-32 

V-33 

V-40 

V-43 

V-47 

V-50 

V-50 

V-51 

V-54 

V-59 

V-68 

5.10 User requirements aspect 

5.11 Types of blinds 

5.12 Experimental setup 

5.13 Window condition 

5.14 Lighting condition 

5.15 Motors 

5.15.1 DC motor 

5.15.2 Stepper motor 

5.16 Photosensor 

5.16.1 Calibration of photosensor 

5.16.2 Analytical method 

5.16.3 M vs. blind angle 

5.16.4 M vs. time of day 

5.17 Blind control 

5.17.1 First level (main controller) 

5.17.2 Second level 

5.17.3 Rules used in the controller 

5.18 Observations 

5.19 Conclusions 

6. 	Development of Wireless Sensors and Issues Related to wireless Networks 

6.1 	Introduction 	 VI-1 

6.2 	Different types of communication modes 	 VI-6 

6.2.1 IR communication 	 VI-7 

6.2.2 RF communication 	 VI-8 

6.2.3 PLC communication 	 VI-8 

6.2.3.1 Details of X-10 protocol 	 VI-9 

6.3 	Introduction to wireless networks 	 VI-11 

6.3.1 Classic flooding 	 VI-12 

6.3.2 Gossiping 	 VI-12 

6.4 	Deficiencies in simple approach as a protocol for sensor network VI-15 

6.4.1 Implosion 	 VI-15 



Table of Contents 

VI-16 

VI-17 

VI-17 

VI-18 

VI-19 

VI-20 

VI-21 

VI-22 

VI-22 

VI-24 

VI-24 

VI-25 

VI-28 

VI-28 

VI-35 

VI-35 

VI-35 

VI-38 

VI-38 

VI-40 

VI-40 

VI-41 

VI-42 

VI-47 

VI-47 

VI-49 

VI-50 

VI-50 

VI-51 

VI-52 

VI-54 

VI-54 

VI-55 

6.4.2 Overlap 

6.4.3 Resource blindness 

	

6.5 	Ad Hoc network routing protocol 

6.5.1 Destination-sequenced distance vector (DSDV) 

6.5.2 Dynamic source routing (DSR) 

6.5.3 Ad Hoc on demand distance vector (AODV) 

6.5.4 Sensor protocols for information via negotiation (SPIN) 

	

6.6 	Metrics for power-aware routing 

6.6.1 Minimize energy consumed/packet 

6.6.2 Maximize time to network partition 

6.6.3 Minimize variance in node power levels 

6.6.4 Minimize cost/packet 

6.6.5 Minimize maximum node cost 

	

6.7 	Fuzzy logic based metrics 

6.7.1 Rules 

	

6.8 	Wireless sensor development for BAS 

6.8.1 Digital wireless sensor 

6.8.2 Wireless occupancy sensor 

6.8.3 Analog wireless sensor 

6.8.4 Classification of sensors based on type of triggering 

6.8.4.1 Internal time based triggering 

6.8.4.2 External triggering 

6.8.4.3 Change in input triggering 

	

6.9 	Battery life for wireless sensors 

6.10 Classification of sensors and transducers 

6.10.1 Position encoder 

6.10.2 Current/voltage output sensors 

6.10.3 Self generating sensors 

6.10.4 Integrated, intelligent, or smart sensors 

6.11 Introduction to network simulator (ns) 

6.12 Energy saving potential of wireless networks 

6.12.1 The five scenarios 

6.12.2 Results of simulations 



Fuzzy Logic Controls: Applications to Building Automation Systems 

6.12.3 Discussion 

6.13 Security issues in wireless sensors 

6.13.1 Confidentiality 

6.13.2 Integrity 

6.13.2.1 Signatures 

6.13.2.2 Tamper resistance 

6.13.2.3 Preventing software upload 

6.13.3 Authenticity 

6.13.3.1 Secure transient association 

6.13.3.2 Resurrecting duckling security policy 

6.13.3.3 Imprinting 

6.13.4 Availability 

6.13.4.1 Radio jamming 

6.13.4.2 Battery exhaustion 

6.14 Conclusions 

VI-68 

VI-68 

VI-59 

VI-61 

VI-61 

VI-62 

VI-62 

VI-63 

VI-64 

VI-65 

VI-65 

VI-65 

VI-67 

VI-67 

VI-68 

7. Conclusions and future scope 

8. References 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18

