
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



Speech Driven User Interface 
For An Intelligent House 

A thesis presented in partial fulfilment of the 
requirements for the degree of 

Master of Engineering 
in 

Information Engineering 

at Massey University, [Albany], 

New Zealand. 

Zhenqing Liu -
2005 March 



Table of content 

Table of content ........................................................................... 1 

List of Figures ............................................................................... 3 

Abstract .............................................................................................. 6 

Acknowledgements .................................................................. 1 

Chapter 1 Smart house ........................................................ s 

1-1 Sm.art house overview ....................................................................... 8 

1-2 Home Autom.ation Network ........................................................ 12 

Chapter 2 Speech signal processing .................. 16 

2-1 Beam-forming .................................................................................. 16 

2-1-1 Theory of beaID forming ............................................................. 18 

2-2 Estimation of direction-of-arrival.. ............................................... 21 

2-3 Constant beam width ...................................................................... 24 

2-4 Matched filter .................................................................................. 26 

2-5 Speech recognition ....................................................................... 2 9 

Chapter 3 ActiveX and Lab VIEW ..................... 32 

3-1 ActiveX .............................................................................................. 32 

3-2 Lab VIEW ......................................................................................... 34 

Chapter4 

controller 

Speech driven Universal remote 

39 



2 

Introduction ............................................................................................ 39 

4-1 Software Interface ........................................................................... 39 

4-1-1 MP LAB IDE .................................................................................. 40 

4-1-2 Dragon Naturally Speaking ....................................................... 41 

4-2 IR Pro toco Is ................................................................................... 44 

4-3 Microcontroller ............................................................................. 48 

4-4 Wireless co01m.unication ................................................................ 53 

4-5 Touch control switch and dimmer ............................................. 59 

4-6 Solution .......................................................................................... 61 

4-6-1 PCB design ................................................................................. 61 

4-6-2 Program01ing the MCU ........................................................... 68 

4-6-3 Labview program ..................................................................... 69 

4-7 Antenna Design ............................................................................. 73 

4-7-1 Antenna characteristics ........................................................... 73 

4-7-2 Several kinds of antenna .......................................................... 7 5 

Chapter S Conclusions ....................................................... s9 

5-1 Conclusion ........................................................................................ 89 

5-2 Further work ................................................................................. 90 

References ................................................................................................. 92 

Appendix A ............................................................................................... 98 

Appendix B ...................•.............................•............................................ 112 



3 

List of Figures 
Fig.1 Communication flow in two nodes ...................................................... 15 

Fig.2-1 One dimensional microphone array with 2N+l elements ........................ 19 

Fig.2-2 Normalized beam pattern for 4-element array with df O =0.5 ................... 20 

Fig.2-3 comparison among 4 methods for identification of signal's direction ......... 24 

Fig.2-4 directivity pattern of two single-tone frequencies ................................. 25 

Fig.2-5 Alignment of captured signals using "delay-and -sum" beamforming and 

using MFA processing ............................................................................ 28 

Fig.3-1 The interface of Lab VIEW 6.0 ........................................................ 35 

Fig.3-2 Comparison between Lab VIEW and MATLAB for "IF"structure ........... 36 

Fig.4-1 Interface of Dragon Naturally Speaking 7 .......................................... 43 

Fig.4-2 SIRC protocol bit structure ............................................................ 45 

Fig.4-3 A typical SIRC protocol IR command waveform .................................. 45 

Fig.4-4 Phillips RC-5 protocol bit structure .................................................. 46 

Fig.4-5 A typical Phillips RC-5 protocol IR command waveform ........................ 47 

Fig.4-6 Architecture block diagram of PIC16F627 A/628A/648A Family Device ...... SO 

Fig.4-7 Pin diagram of PIC18F452 ............................................................. 52 

Fig.4-8 Architecture block diagram of PI Cl Sf 452 .......................................... 53 

Fig.4-9 Pin diagram of rfRXD0420/rfRXD0920 ............................................. 54 

Fig.4-10 Transmission timing for HT-12E .................................................... SS 

Fig.4-11 Oscillator frequency function with Roes and supply voltage for HT-12E ... 57 



4 

Fig.4-12 Oscillator frequency function with Roes and supply voltage for HT-12D .. 58 

Fig.4-13 Schematic of universal remote controller ......................................... 61 

Fig.4-14 Schematic of switch and dimmer ................................................... 62 

Fig.4-15 Schematic of DC supply ............................................................... 63 

Fig.4-16 Simulation wave form of DC supply ................................................ 64 

Fig.4-17 Schematic of 555 timer simulation circuit ......................................... 64 

Fig.4-18 Simulation wave form of Pin out, trigger and Net of capacitor ............... 65 

Fig.4-19 Top layer of Switch&Dimmer PCB board ......................................... 66 

Fig.4-20 Bottom layer of Switch&Dimmer PCB board .................................... 66 

Fig.4-21 Top layer of Remote controller PCB board ....................................... 67 

Fig.4-22Bottom layer Remote controller PCB board ....................................... 67 

Fig.4-23 The panel of Serial communication.vi.. ............................................ 71 

Fig.4-24 The diagram of Serial communication.vi. ......................................... 71 

Fig.4-25 The diagram of Signal generation voice menu.vi.. ............................... 72 

Fig.4-26 Quarter wavelength wire antenna ................................................... 76 

Fig.4-27 Structure diagram of 434Mhz PCB loop antenna ................................ 80 

Fig.4-28 Dimensions of a helical antenna ...................................................... 81 

Fig.4-29 Pattern with change of ratio%, .................................................... 82 

Fig.4-30 The geometry of antenna .............................................................. 83 

Fig.4-31 The scattering parameter of Sll in dB ............................................. 84 

Fig.4-32 The scattering parameter of Sll in magnitude ................................... 84 



5 

Fig.4-33 The E-plane pattern ........................................... ......................... 85 

Fig.4-34 The H-plane pattern .................................................................... 85 

Fig.4-35 Scattering parameter of Sll in smith chart ....................................... 86 

Fig.4-36 Relation of Sll and frequency for different spacing between turns .......... 86 

Fig.4-37 Relation of Sll and frequency for different turns of helix ..................... 87 

Fig.4-38 Relation of Sll and frequency for different radius of helix .................... 87 

Fig.4-39 Relation of Sll and frequency for different L which is the length of straight 

line part of helix can be seen in figure geometry of antenna in Fig.4-30 ............... 88 



6 

Abstract 
Speech driven user interface for an intelligent house is one of a number of Graduate 

research projects at Massey University. It is part of Project 'Smart House' . This thesis 

details development of a control system whose inputs are speech signal rather than 

manual. 

The control system consists of several sub-systems including speech recognition, 

command generation, signal transmission, signal reception and command manipulation. 

The completed speech driven user interface should operate in conjunction with Real-time 

implementation of a Microphone Array beam-former and Personal identity recognition 

that were developed concurrently with this project. 

The speech recognition and command generation subsystems are implemented on a PC 

whereas the signal transmission, signal reception and command manipulation subsystems 

are designed at embedded board level. The remote controller can control some electrical 

appliances, such as TV and CD player, and switch and dim the light. 



7 

Acknowledgements 
I wish to express my gratitude to the following people for their help during the course of 

this project. Special thanks go to my supervisor, Dr. Tom. Moir, who offered me this 

project, and who provided invaluable advice and motivated me to succeed. Thanks also to 

Joy. Wang, Tom Qi for their technical help in the process of building PCB board . Thanks 

to my parents for encouraging sponsoring me to get the M.S. degree. Thanks to my 

brother Dr. Zhenguo Liu for his technical help in process of designing the antenna. 

Thanks to Samir for his administrative help. This would not have been possible without 

the support of my fri ends and famil y. 


