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ABSTRACT  
Building automation is now very widespread in all the developed 

countries to ease the management of buildings like schools, hospitals, 

public edifices, private houses and so on. 

In this project, a feasible Building Automation System based on very 

cheap distributed microcontroller architecture is designed. A power line 

communication network is established to link those microcontrollers; so 

there is no need to install proprietary cables or a wireless network.  

The Power Line Communication (PLC) technology utilizes the power 

cables as a communication channel. A radio frequency signal of a few 

hundreds of Hz up to a few tens of MHz is transmitted through the power 

lines. The power line communication has distance and frequency 

limitations which depend on the type of power line used. The device 

performs the operation of data transfer through the power line and connects 

controllers to the power lines; is called the Power Line Modem (PLM). 

This report presents the design and implementation of Building Automation 

over Power Line, this model contains a user interface, irrigation system and 

lighting system; those systems are connected through the power line 

network. 
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  تجریدلا
عملیة أتمتة المباني واسعة الانتشار في كثیر من البلدان المتطورة بغѧرض تیسѧیر ادارة المبѧاني    

م تصѧمیم نظѧام تحكѧم فѧي     في ھذا المشروع  تѧ . المدارس، المستشفات، المرافق العامة والمنازل:مثل

المبنى مستنداً المتحكمات الدقیقة الموزعة ذات الأسѧعار الزھیѧدة، كمѧا تѧم تأسѧیس شѧبكة تحكѧم عبѧر         

خطوط الكھرباء لربط تلك المتحمكات الشيء الѧذي یغنینѧا عѧن تثبیѧت كوابѧل خاصѧة أو شѧبكة تحكѧم         

  .لاسلكیة

ھرباء كقناة اتصال؛ فاشارة رادیو إن تكنلوجیا الاتصال عبر خطوط الكھرباء تسخدم كوابل الك

إن . بتردد یساوي مئات الھیرتزات حتى عشرات المیقѧاھیرتزات یѧتم نقلھѧا مѧن خѧلال خѧط الكھربѧاء       

تقنیѧѧة الاتصѧѧال عبѧѧر خطѧѧوط الكھربѧѧاء لھѧѧا تقییѧѧدات للمسѧѧافة والتѧѧردد والتѧѧي تعتمѧѧد علѧѧى نѧѧوع خѧѧط        

ت عبر خطوط الكھرباء ویربط المتحكمات فالجھاز الذي یقوم بعملیة نقل البیانا.  الكھرباء المستخدم

  .بخط الكھرباء یسمى بمودم الاتصال عبر خطوط الكھرباء

لتوضѧیح فكѧرة الѧتحكم فѧي المبѧاني مѧن خѧلال         تصمیم وتنفیذ نمѧوذ مبسѧط    ویعرض ھذا التقریر

و نظѧام الاضѧاءة، كѧل ھѧذه      ريواجھة المستخدم، نظام : خطوط الكھرباء، ھذا النموج یحتوي على

  .  مة موصلة عبر خط الكھرباءالأنظ

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  



vi 

 

  

Table of Contents  

Contents  Pages 

Koran crème……………………………………………………. I 

Acknowledgment……………………………………………...... Ii 

Dedication……………………………………………………..... Iii 

Abstract………………………………………..………….……. Iv 

 V   ..………..……………………………………...……  التجرید

Table of Contents ……………………….……………….…….   Vi 

List of Tables ………………………………..………….…...…   Xi 

List of Figures ……………………………………………...….. Xi 

List of abbreviations and Symbols…………………………  Xii

i 

Chapter One: Introduction  

1.1 Overview………………………………………………………  1 

1.2 Statement of the problem ……………………………………..  2 

1.3 Project’s Aim and Objective ……………………………………  2 

1.4 Organization of the dissertation: ….. ………………………….    3 

Chapter Two: Literature Review   



vii 

 

2.1 Automation advantage's and disadvantage…………………… 6 

2.2 Building Automation Systems (BAS)…………………….. 7 

2.3 common automation control technologies…………………. 8 

Hard wires ……………………………………………………...    2.3.1  8  

Wireless …………………………………………………... …….. 2.3.2 8 

Serial (RS232, RS485)……………………………………... … 2.3.3  9 

2.3.4 Ethernet (Wired/Wireless Network) ………………………… 9 

Infrared (IR) …………………………….. 2.3.5   10 

Power line ………………………………………………………… 2.3.6  10 

2.4 Power line communication………………………………….  10   

2.4.1 The challenges associated with communicating over 

power lines…………………………………………………… 

11  

2.4.2 Bandwidth Limitations ………………………………… 13 

2.5 The Power-Line as a Communication Channel……………. 14 

2.5.1 Coupling Circuits…………………………………………  15 

2.5.2 The Noise…………………………………………………. 16 

2.6 PLC SYSTEM……………………………………………… 17 

2.6.1 PLC transmitter…………………………………………. 18 

2.6.2 PLC receiver…………………………………………….. 19 



viii 

 

2.7 power line modem………………………………………….  20 

 2.7.1 Design Considerations …………………………………     21  

2.8 Microcontroller…………………………………………....  23 

Chapter Three: Hardware Design Solutions   

3.1 Hardware Design and Development ……………………….                25 

3.1.1 The PC Unit ………………………………………………  26 

3.1.2 Control system …………………………………………… 26 

3.1.2.1 Lighting control system ………………………………...  26 

3.1.2.2 Irrigation system ……………………………………… 26 

…………………………………… 3.2 Hardware components  27 

...........................................................................  3.2.1 The PLM  28 

 3.2.2 Implementation tools and components...............................  30 

3.2.2.1 Implementation of HMI ……………………………… 30 

3.2.2.2 Max23 Description ……………………………………. 31 

3.2.2.3 Implementation of the lighting subsystem………… 31 

 The Microcontroller ……………………………… 31 

 Photo resistor ………………………………………. 33 

 Motion sensor ……………………………………… 33 



ix 

 

 LM423N Low Power Quad Operational Amplifiers… 34 

 ULN2003…………………………………………… 35 

3.2.3 Implementation of irrigation system…………………. 36 

 MCU programming development…………………… 36 

 TC4066B Quad Bilateral Switch……………………. 36 

  Chapter Four: Software Design and Implementation    

4.1 The BASCOM-AVR Language ……………………………  38 

Key Benefits……………………………………………………. 39 

4.1.1 The Irrigation system …………………………………….. 
40 

4.1.2 The lighting system ……………………………………… 
40 

4.1.3 The flowchart ………………………………………….. 
40 

4.2 The Visual Basic language ………………………………… 
44 

4.3 Programming………………………………………………. 
45 

4.4 Testing Environment ………………………………………. 46 

4.4 .1 Testing of Hardware system…………………………….. 46 

4.4 .2 Testing of Software Application and Results …………… 46  

Chapter Five:  Conclusion and Recommendations……   



x 

 

................................ 5.1 Summary ……………………………...  48 

5.2 Problems and solutions …………………………………… 48 

5.3 Future Work ………………………………………………. 49 

References …………………………………………………...… 50 

 Appendix A ………………………………………………...   

Appendix B ………………………………………………...  

Appendix C ………………………………………………...  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xi 

 

List of Tables 

 

List of tables  Pages  

Table( 2.1)  Component specification for Filter A and Filter B  16 

Table (3.1)  the main Hardware components  28 

Table (3.2)  PLM-24 pin description 30 

Table  (3.3)  atmega32 specifications 32 

Table (3.4 )  LM324N connection  36 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xii 

 

List of Figures 

Contents  Pages 

Figure2.1: Typical BAS architecture ………. …… 8 

Figure 2.2: Home networking over power line …… 13 

Figure2.3:  digital communication system for the 

power-line channel………………………………… 

14 

Figure2.4: the coupling filter……………………… 15 

Figure2.5: Noise in PLC environment …………. 16 

Figure 2.6: The ISI problem…………………… 17 

Figure 2.7: PLC-transmitter block diagram……  18 

Figure 2.8: PLC-receiver block diagram………… 18 

Figure 2.9 Sample recommended solutions………  20 

Figure 2.10 power line modem …………………… 21 

 Figure2.11 Typical architecture of the PLM system  22 

 Figure 2.12 Applications of Microcontrollers……..  24 

Figure 3.1 system diagram………………………… 25 

Figure3.2. hardware unit of the control system …… 27 

Figure 3.3 PLM-24 interfacing……………………. 29 



xiii 

 

Figure 3.4 max232……………………………..… 31 

Figure3.5 atmega32……………………….…… 32 

Figure3.6 Photo sensor (LDR sensor) appearance... 33 

Figure 3.7 PIR Receiver Pin out …….……………   33 

Figure 3.8 LM324N………………………………..  34 

Figure 3.9 ULN2003 pin out. …………………… 36 

Figure 3.10 TC4066B Quads Bilateral Switch ……. 37 

Figure 3.11 the circuit diagram …………………… 38  

Figure 4.1: the flowchart ………………………… 44 

Figure 4.2: HMI ………………………… 46 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xiv 

 

 
 

List of abbreviations and Symbols 

 
 

BAPOL Beauty Art Products on Line 

BAS  Building Automation System  

HMI  Human Machine Interface 

IDE  Integrated Development Environment  

IP Internet Protocol 

LDE  Light Diode   

MCU Microcontroller Unit 

OLE  Object Linking and Embedding 

PIR performance Infrared Radial Sensor  

PLC  Power Line Communication 

PLM  Power Line Modem   

TCP Transmission Control Protocol 

SQL Structured Query Language  

VB Visual Basic 

 


