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ABSTRACT

There are  several techn iques  th a t  have been  im plem ented  for sm art  h o m es  usage; how ever,  m ost o f th e se  

techn iques are limited to  a few  sensors. Many of th e s e  m e th o d s  ne i the r  m ee t  th e  n eed s  o f  th e  u se r  nor are  

cost-effective.

This thesis discusses th e  design, developm ent,  and im plem en ta t ion  of a wireless ne tw ork  system , based on 

multi-non-invasive sensors for sm art  hom e environm ents.  This system  has th e  potential to  be  used as a m eans  

to  accurately, and remotely, d e te rm in e  th e  activities of daily living by continuously m onitoring relatively simple 

p aram eters  th a t  m easure  th e  interaction be tw een  users and  the ir  surrounding  environm ent.

W e designed and developed a pro to type system to  m e e t  th e  specific n ee d s  of th e  elderly population. Unlike 

audio-video based health monitoring system s (which have associa ted  problems such as th e  enc ro ach m en t of  

privacy), th e  developed system 's  distinct fea tu res  ensu re  privacy and  are  a lm ost invisible to  th e  occupants, th u s  

increasing th e  acceptance levels of this system  in household  env ironm ents .  The deve loped  system not only 

achieved high levels of accuracy, bu t it is also portable , easy to  use, cost-effective, and  requires  low data  ra tes  

and less pow er com pared  to  o th e r  wireless devices such as Wi-Fi, Bluetooth, wireless USB, Ultra w ideband 

(UWB), or Infrared (IR) wireless.

Field testing  of th e  p ro to type  system was conducted  a t  different locations inside and  outs ide  of th e  Minto 

Building (Centre for Advanced Studies in Engineering a t  Carleton University) as well as o th e r  locations, such as 

th e  washroom , kitchen, and  living room  of a p ro to type ap a r tm en t .  The main goal o f  th e  tes ting  w as to



d e term ine  th e  range of th e  p ro to type system and th e  functionality of each  sensor in d ifferent env ironm ents .  

After it w as verified th a t  th e  system o p era ted  well in all o f  th e  te s te d  environments, d a ta  w e re  th e n  collected a t  

t h e  different locations for analysis and  in terpre ta tion  in o rd e r  to  identify th e  activities o f  daily living of an 

occupant.
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CHAPTER 1

INTRODUCTION

This chap te r describes the  objectives, brief overview of th e  research system  technology, contributions, and 

organization of this thesis.

1.1 Objectives

Smart hom e environm ents  can provide viable a lte rna te  living conditions for som e aging persons by monitoring 

th e  health conditions of the elderly population in real tim e. Small m otors and sensors  positioned around th e  

hom e automatically perform a num ber of functions, such as opening and closing curtains, turning lights on and 

off, and raising and lowering sinks and cupboards [1].

The objective of this thesis is to  design, develop, and im plem ent a prototype system  using sm art  hom e 

technology th a t  utilizes several wireless sensors to  rem otely  d e tec t  and m onitor an e lder 's  activities of daily 

living and health condition in their  own hom es in o rder  to  improve th e  quality of life of th e  elderly population.

O ther purposes of this research are th e  field testing of th e  p ro to type  system, utilization of th e  system to  collect

data  a t  different locations and environm ents,  and analysis o f th e  collected data. The 

field testing of the p ro to type system  was conducted  at different locations inside and 

outside of the  Minto Building (the figure to  the  right) as well as  o th e r  locations, such as
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th e  w ashroom , kitchen, and  living room of a p ro to type  ap a r tm en t.  The main goal o f this tes ting  was to  

de te rm ine  th e  range of th e  p ro to type  system and  th e  functionality of each  sensor in different environm ents .  

After th e  system was substan tia ted  as operating  well in all o f  th e  te s ted  environm ents,  da ta  w e re  collected at 

th e  d ifferent locations and  analysed and in te rp re ted  in o rd e r  to  identify th e  activities of  daily living of th e  

occupants.

To achieve its objectives, this study sought to:

•  Examine curren t conditions and possible fu tu re  deve lopm en ts  of wireless senso r  netw orks pertaining to  

th e  field of hom e care for th e  elderly population;

•  Investigate th e  reliability of research to  d a te  regarding wireless sensor netw orks th a t  have been  

developed in th e  field of monitoring th e  health  care of  occupants  in their hom es;

•  Survey th e  advantages and  disadvantages o f  th e  various wireless technologies;

•  Design, develop, and im plem ent th e  p ro to type  system; and

•  Collect, analyse, and in terp re t  th e  data.

1.2 Brief overview  o f th e  research system  technology

In this research, w e designed, developed, and im p lem ented  a pro to type system based on recen t advances in low 

data  rate, low-cost, and low-power wireless m esh networking technology. The data ra te  and  capabilities of such 

technology have been increasing over th e  past few  years, allowing for faster, eas ie r  to  use, less expensive 

installation and m ore reliable wireless connectivity, anytim e and anyw here. These advances enab le  wireless 

technology to  be widely deployed in controlling and monitoring applications. Recent wireless system s consum e



3

lower power, have a longer lifetime, and  use  smaller batteries ,  and m esh networking provides higher reliability 

and a m ore  extensive range of functions.

1.3 Thesis Contributions

This research provides a t  least four contributions to  th e  field of wireless sensor netw orks for sm art  hom e 

monitoring environm ents.  The developed p ro to type  system:

(1) Includes distinct features, including: six non-invasive sensors, a microcontroller, a p o w er  supply, 

and XBee modules. Also relies on  RF transceivers to  establish a wireless com m unication.

(2) Collects multiple data  s imultaneously to  identify bo th  activities o f  daily living and usage of 

appliances a t  different locations and environm ents.

(3) Contains a num ber of safety fea tu res  to  en su re  proper opera tion  in th e  ev en t  o f  em ergency. The 

em ergency  buzzers alert users o f  any unaccep tab le  change in behaviour of appliances (such as th e  

fridge) and or s ta tus  of fram es (such as window s o r  doors).

(4) Enables th e  analysis and in terpre ta tion  of th e  collected da ta  th a t  can potentially  identify pa t te rns  of 

behaviour o f  users and recognize th e  occurrence o f  any u n fo reseen  abnorm al conditions.

1.4 Organization o f th e Thesis

This thesis  is organized into six chapters . Chapter 1 is th e  introduction. C hapter 2 provides a background ab o u t  

sm art  hom e technologies and wireless sensor  networking (WSN) technologies and a review of th e  l i terature 

relevant to  th e  thesis, th e  limitations of th e  hardware , and  past and  curren t sm art  h o m e  research  a t  Carleton 

University. Chapter 3 concen tra tes  on th e  design goal, th e  hardw are  overview and specifications, and  ZigBee
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technology. Chapter 4  illustrates th e  hardw are  and so ftw are  design and th e  deve lopm en t and im plem entation  

of th e  pro to type system. Chapter 5 focuses on d a ta  collection, analysis, and  in terpre ta tions . Finally, Chapter  6 

provides th e  conclusions, limitations, and suggestions for fu tu re  research.
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CHAPTER 2 

BACKGROUND OVERVIEW 

2.1 Introduction

The purpose  of this chap te r  is to  provide background information re levant to  sm art  h o m e  env ironm ents  and 

wireless technologies for th e  sm art  hom e.

The ch ap te r  is organized into five main sections. Section 2.2 illustrates a sm art  h o m e env ironm ent.  Section 2.3 

provides information on past and curren t sm art  hom e research a t  Carleton University. Section 2.4 explains 

wireless sensors networks. Section 2.5 reviews th e  re levant literature and  p resen ts  th e  limitations of th e  

techniques usually employed in sm art hom e environm ents.

2.2 An Overview of Smart Homes

A sm art  hom e environm ent is usually equipped  with a wireless senso r  networks, which is used  to  relay vital 

information to  a central station. A com m on definition o f  a sm art  h o m e  is "a dwelling incorporating a 

com m unications network th a t  connects  th e  key electrical appliances and  services, and  allows th e m  to  be 

remotely controlled, m onitored or accessed" [1] [2]; in this context, "rem otely" m eans  both  within th e  dwelling 

and from outside of th e  dwelling. In o th e r  words, a sm art  hom e is a living env ironm ent th a t  consists o f  sensors, 

ac tuators ,  networks, and m iddleware to  automatically provide appropria te  service to  th e  h o m e 's  occupants. In 

o th e r  words, a sm art  hom e is a house o r  living env ironm en t th a t  contains t h e  technology to  allow devices and
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system s to  be controlled automatically [3]. It has major usages for environm ent,  security, h o m e  en te r ta in m e n t ,  

dom estic appliances, information and communication, and  health  [4], [5]. As its d ev e lo p m en t  and  applications 

becom e increasingly relevant to  bo th  th e  engineering and  hea lthcare  communities, th e  field of sm art  h o m e 

technology is growing rapidly [6], [7]. There a re  a t  least 20 d ifferent h o m e  labs se t  up for research ing  sm art  

hom es by research groups such as MIT, Siemens, Cisco, IBN, Xerox, and Microsoft. M ore th an  30 appliances, a t  

least 5 netw ork  protocols, and over 3 artificial intelligence tech n iq u es  have been used  to  conduc t th e  research

[2]. From a data  transmission point of view, sm art hom e technology can be  categorized into th re e  a reas  [2], [8]: 

Power line, Busline, and Wireless communication.

•  P ow er line: This type  of system is m ad e  of devices th a t  can be directly connected  into th e  main pow er 

supply of th e  building. The m ainstream  protocols in Pow er Line Communication (PLC) technology [2], 

[8], [9] are  X-10, INSTEON, PLC-BUS, LonWorks, and  Home Plug.

•  Busline: This system uses a sep a ra te  12-volt cable (tw isted pair cabling) to  transm it  and receive d a ta  

from th e  devices. The cable is similar to  th a t  used for ph o n e  and  network service. The m ains tream  

protocols in Busline communication (BLC) technology are  EIB, Cebus, Lonwork, and  Batibus [2], [8].

•  W ireless com m unica tion  (Radio f requency  (RF) an d  Infrared  (IR) system s): These system s are  th e  

networking alternatives th a t  wirelessly exchange data  be tw een  sender  and  receiver, bu t  a t  a much 

lower data  ra te  th an  LAN/WLAN. The represen ta tive  protocols in this case a re  Bluetooth, ZigBee/IEEE 

802.15.4, or Z-wave [2], [8]-[10].

2.2.1 Radio Frequency (RF)

Radio frequency (RF) transmission is m ore  suitable for o u r  application, due to  the  following reasons:
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•  Mobility: There is no need  for a cable to  t h e  location w h e re  th e  display is placed.

•  Installation s p e e d  and  simplicity: Installation of additional sensors  to  various locations can easily be 

achieved.

•  Cost effectiveness: New installation is inexpensive.

•  Topology: Wireless transmission provides extra flexibility in regards to  the connection  m ethod .

2.3 S m art  H om e Research a t  Carleton University

Several sm art  hom e projects a re  currently in operation  a t  Carleton University - Canada's Capital University1.

Figure 2.1: Bed-based pressure sensing system arch itecture  o f  th e  sm ar t  hom e m onitoring sy s tem 2

One of th e  m ajor concentra tions  of th e se  projects is on developing sensor  networks based  on solutions for 

health care and  patien t monitoring. These projects incorporate  various kinds of sen so rs  technologies, such as

1 Source: h ttp://w w w .sce.carleton .ca/dept/index.shtm l

2 Figure 2.1 is adapted (in December 2012) from the Department o f Systems and Computer Engineering at Carleton 

University, website: http://www.sce.carleton.ca/dept/index.shtml

http://www.sce.carleton.ca/dept/index.shtml
http://www.sce.carleton.ca/dept/index.shtml
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w earab le  sensors, am bien t  monitoring, or em b ed d e d  sensors. M oreover,  within th e  hom e, "sm art"  or  

"intelligent" devices include bed-based  optical pressure  sense  system (show n in Figure 2.1) th a t  track sleeping 

pa tte rns  to  d e tec t  central Apnoea3 [11]-[15], a system to  m onitor physiological signals caused  by chest  

m ovem en t [16], [17], and a device to  m easu re  bed -d ep a r tu re  tim e caused by sit-to-stand pressure  [18]-[20]. The 

sm art  hom e includes chest belt devices to  m easu re  breathing ra te , h ea r t  rate, and  skin conduc tance  during 

exercise [21]-[23] systems to  track food spoilage in fridges [24], [25]. Carleton University is also currently  

involved in joint projects with o th e r  universities, hea lthcare  institutions, an d  industries; an exam ple  of such a 

project is th e  TETAFE research, discussed in section 2.3.1.

2.3.1 Technology Assisted Friendly Environment for th e Third Age (TAFETA)

References [26]-[33] p resen t curren t research involving Carleton University in a jo in t O ntario-based project 

entitled Technology Assisted Friendly Environment for th e  Third Age (TAFETA). The co-lead in this project is SCO 

Health Service, one  of Canada's largest providers o f  continuing care, rehabilitation, palliative care, and primary 

care for elderly persons. The project 's o th e r  m em bers  include o th e r  healthcare institutions, schools, and  

industry partners  in Ontario, Canada. Its primary mission is to  identify and develop technology  th a t  will provide a 

safe living environm ent th a t  is responsive to  th e  health  needs  of elderly persons. The objective of this research 

is to  introduce TAFETA's curren t sm art hom e research. It describes th e  various sensing technologies currently 

u nder  investigation in th e  groups " Independen t  Living A partm ent"  laboratory, called th e  TAFETA Sm art 

A partm ent a t  th e  Elisabeth Bruyere Hospital (shown in Figure 2.2). At least 50 patients  have used  th e  ap a r tm en t  

facilities to  date .

3 Apnoea is th e m ost prevalent type of breathing disorder (SDB).
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Figure 2.2: TAFETA Smart A partm ent4

The TAFETA prototype ap a r tm en t  is equipped  with several sensors, including m agnetic switches to  m onitor 

entry into, and exit ou t of, rooms, therm istors  to  m onitor proper te m p e ra tu re  range, acce le rom ete rs  to  d e tec t  

high impact, radio frequency identifications (RFID) to  retrieve misplaced objects, infrared m otion sensors  to  

track th e  presence of motion by th e  occupant, microphone arrays to  d e tec t  abnormal sound o r  calls for help, 

sm art grab bars to  aid occupant in the  show er and washroom , pressure sensitive m ats  to  m onitor occupan t 's  

condition at rest, and electronic noses to  track food spoilage in the  fridge [24], [25],

2.4 W ireless Sensors Networks

The wireless sensor networks (WSNs) is one of th e  key technologies in th e  sm art h o m e design life cycle. The 

WSNs in the  sm art hom e environm ent can be thought of as a group of spatially dispersed and dedica ted  sensors 

for monitoring and recording th e  physical conditions of th e  environm ent and  organizing th e  collected data  a t  a 

central location [34]. The WSNs m easures  environmental conditions such as  tem p era tu re ,  sound, vibration,

4 The figure is adapted  (in D ecem ber 2012) from  th e  TAFETA w eb site: w w w .ta fe ta .ca

http://www.tafeta.ca


10

pressure, humidity, wind speed  and direction, pollution levels, motion, light intensity, and proximity to  objects. 

The WSNs is m ade  up of a set of independen t  sensor nodes, gateways, and software.

2.4.1 Nodes, G atew ays, and  Software

The sensor nodes are "self-contained" units, each consisting of a radio frequency (RF) transceiver usually with a 

single omni-directional an tenna , one or many sensors, a low-speed on-board  processor (microcontroller, CPUs, 

or DSP chip), and an energy source (usually a ba tte ry  or solar cells). Figure 2.3 show s a sensor node. Sensor 

nodes com m unicate  wirelessly and often  self-organize af te r  being deployed in an ad-hoc fashion [35].

Sensor Node

Sensors —  Processor B o a r d U ^ .  Radio Frequency
Transceiver

t
>■
<u
*Sroco

Figure 2.3: Sensor node, including processing board, radio frequency  transceiver, and battery

Each node can perform self-diagnosis, which m eans  it can relay data  off o th e r  nodes within its range until th e  

information reaches its final destination [36]. The range is ex tended  by allowing data to  hop from node  to  node, 

and reliability is increased by "self-healing," which is th e  ability to  c rea te  a lternate  pa ths  w hen one node  fails or  

a connection is lost [37], In addition, w hen data  is transm itted  from o n e  node to  ano ther ,  a network-level
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acknow ledgem ent is transm it ted  back across th e  es tablished rou te  to  th e  source node. This acknow ledgem ent 

packet indicates to  th e  source n ode  w h e th e r  or no t th e  da ta  packet was received by th e  destination  node. If a 

netw ork  acknow ledgem ent is no t received, th e  source node  will re -transm it th e  data  [38].

2.4.2 W ireless Sensors Networks in Healthcare

Wireless sensor networks are an em erging technology [39] consisting of small, low -pow er,  and  lo w -co s t  devices 

th a t  in tegra te  limited com putation, sensing, and radio com m unication capabilities. The technology has th e  

potential to  have an enorm ous impact on  many aspects  of em ergency  medical care [40]. The typical applications 

of th e  wireless sensor biomedical networks (WSBNs) are  num erous, including sm art  hom e hea lthcare  

monitoring, medical device networking for em ergency  call systems, and d a ta  collection for pat ien t  monitoring, 

as detailed below.

2.4.2.1 Smart Home Healthcare

WSN technology allows hom e hea lthcare  patients to  utilize a variety of m onitoring devices, such as 

s tethoscopes, glucose meters, and sphygm om anom eters  (blood pressure), in order to  collect data .  The d a ta  

collected from th ese  monitoring devices are securely s en t  to  a medical lab over a cellular netw ork  to  be 

analyzed. For example, reference [41] proposed wireless sensor  biomedical networking to  help o lder people o r  

patients with chronic disorders by increasing their  chances  o f  survival ability; a t th e  sam e  t im e  reduce th e  t im e  

of routine check-up and it's real-time monitoring also allows em ergency  situation to  be handled immediately in 

th e  hospital.
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2A.2.2 Emergency Call System s

Emergency call system s are  equipped  with WSNs, which allows th e  res idents  t o  call for help if th ey  seek  any kind 

of em ergency assistance.

2.4.2.3 Patient Data

In th e  medical field, WSN technology is used to  collect patien t 's  data  for medical reasons or to  g a th er  additional 

information for research purposes. WSN technology is em b ed d ed  in th e  patien t 's  bedside to  facilitate making 

patien t 's  da ta  widely available in real tim e for proprietary clinical applications and d a tab a se s  and  to  elim inate 

manual data  entry. An example of th e  WSNs in th e  medical field can be found in a study of sleep p a t te rn s  to  

de tec t  apnoea  in older adults [11]-[15], which m easured  chest  m o v em en t to  m onitor physiological signals [16] 

[17] and  sit-to-stand timing and sym m etry  to  m easu re  b ed -depar tu re  timing [18]-[20].
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CHAPTER 3 

HARDWARE OVERVIEW AND SPECIFICATION 

3.1  Introduction

This ch ap te r  is organized into th ir teen  sections: Section 3.2 to  3.4 discusses a l i te rature review and describes 

hardw are  limitations as outlined in th e  literature; th e  design goal; and  an explanation of th e  wireless 

technologies. Section 3.5 to  3.8 describes th e  ZigBee protocol, th e  topology netw ork; ZigBee outlines th e  

protocol architecture; and a system  overview. Section 3.9 to  3.12 provides pro to type system  overviews, system  

com ponents ,  rem o te  station hardw are  and specifications, and hardw are  specifications. Lastly section 3.13 to  

3.15 explains ZigBee s ta r te r  deve lopm en t kits, XBee modules, and th e  base  station of th e  design system.

3.2  Literature Review

This section is dedicated  to  providing an overview of th e  re levant li terature. The re levant l i terature is divided 

into seven streams: wireless sensor networks for hom e healthcare , XBee wireless senso r  netw orks for 

t em p e ra tu re  monitoring, th e  design of wireless sensors networking node  on  ZigBee, th e  deve lopm en t o f  a PIC- 

Based wireless sensor, ZigBee-Based wireless personal area  networks for health monitoring, and hardw are  

limitations.
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3.2.1 W ireless Sensor Networks for Home Health Care

In re ference [42], C.R. Baker e t  al. p re sen t  th e  results o f  research project w h ere  several p ro to types  fo r hom e- 

health care monitoring w ere  designed. Two of which w e re  dedica ted  to  th e  design of a wireless sen so r  system 

to  m onitor sleeping position and general health  of an infant. The p ro to ty p es  d e tec ted  th e  sleeping position of 

th e  infant in o rd e r  to  p ro tec t  th em  from Sudden Infant Death Syndrom e (SIDS). Due to  the ir  tiny nature , 

p rem a tu re  infants a re  susceptible to  a variety of health  problems. An in tegrated  health  m onitoring device w as 

also developed, and  contained within a swaddling baby w rap with strategically placed sensors,  to  m onitor th r e e  

main factors: tem p era tu re ,  hydration, and pulse ra te  [42].

3.2.2 XBee W ireless Sensor Network for Tem perature M onitoring

In reference [43], Boonsawat e t  al. explain an e m b ed d e d  wireless sensor  netw ork (WSN) p ro to type  system  for 

te m p e ra tu re  monitoring in th e  m an ag em en t of air-conditioning system s a t  th e  Sirindhorn In ternational Institute 

of  Technology (SIIT) in T ham m asa t University, Pathum-Thani, Thailand. The ultim ate goal o f  th e  project w as to  

help save energy costs and reduce energy consum ption  in th e  building. The system w as designed to  provide a 

w eb user-interface to  access th e  cu rren t  and past te m p e ra tu re  readings in different room s o f  th e  building. The 

designed WSN system is comprised o f  a da ta  ga tew ay  or a coord ina to r th a t  wirelessly joins each  WSN 

tem pera tu re-m onito ring  node located in each  room. Each WSN node  consists o f  a m icrocontroller on  an 

Arduino5 board and an XBee wireless com m unication m odule based on th e  IEEE 802.15.4/ZigBee s tandards . The

5 Arduino is an open-source electronics prototyping platform based on flexible, easy-to-use hardware and softw are, source: 

http://w w w .arduino.ee/

http://www.arduino.ee/
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coord ina tor also has an E thernet interface and  runs a simple d a ta  w eb server. Hence, th e  coord ina to r allows 

da ta  collection over XBee and data access from w eb  browsers.

3.2.3 Design o f W ireless Sensors Networking N ode on  ZigBee

In reference [44], S. Veerasingam e t  al. p ropose  a portab le  wireless data-acquisition system  fo r t e m p e ra tu re  in 

real tim e process dynamics. Process variables such as tem p era tu re ,  pressure,  flow, or  level vary with t im e in 

certain applications and such variation is recorded  so th a t  a control action can take place a t a defined se t  point. 

The study proposed an 8 bit em b ed d ed  platform for a senso r  with a netw ork  interface using th e  802.15.4 ZigBee 

protocol th a t  is specially designed for the  senso r  networks. This wireless data logger senses  and m onitors 

variations in local tem p e ra tu re  and transm its  th e  data  within th e  range to  an assigned e m b ed d e d  processor- 

based server. Received tem p era tu re  is displayed on a local Liquid Crystal Display (LCD) on th e  assigned server 

and simultaneously on a central computing unit placed within range. The central base  sta tion  receives th e  da ta ,  

s tores it in th e  file, and plots th e  variations.

3.2.4 D evelopm ent o f a PIC-Based W ireless Sensor

In re ference [45],Yussoff Y. e t  al. d em o n s tra te  th e  perfo rm ance  of WSN models th a t  w e re  developed using 

te m p e ra tu re  sensors, a microcontroller, and XBee technology. The project aimed to  use  th e  wireless senso r  

network to  com pare  th e  actual te m p e ra tu re  in different env ironm ents  and collect d a ta  t ransfe rred  by th e  

sensor. The collected information from the  te m p e ra tu re  sensor  was processed by th e  m icrocontroller before it 

w as transm it ted  to  th e  base station. The microcontroller w as p rogram m ed to  send th e  da ta  periodically to  th e  

base station th rough  th e  XBee module. T em pera tu re  results w e re  displayed a t  th e  b ase  station.
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3.2.5 Performance Study on ZigBee-Based W ireless Personal Area Netw orks for Health M onitoring

In re ference [46], B. K-P. Koh and P-Y. Kong conduc ted  research on th e  use  of ZigBee wireless personal a rea  

netw orks (WPANs) for real-time health  (heartbea t)  monitoring to  d e te rm in e  an increase in packet delays due  to  

con ten tions and collisions in transmissions w hen  multiple ZigBee WPANs a re  in close proximity to  each  o ther .  

They derived mobility pa tte rns  from th e  analysis of  a real-time video t ra c e  and subsequen tly  es t im ated  th e  

delay perform ance from th e  video trace  by combining data  collected from th e  ZigBee experim ents.  As such, for 

real-time hea r tb ea t  monitoring, a WPAN needs  to  ensu re  a 300 milliseconds packet delay so th a t  a systole 

reading can be cap tu red  before th e  next one is genera ted .  The results o f th e  study sh o w ed  t h a t  th e  req u irem en t 

of  a 300 millisecond packet delay is no t m et only 11% of th e  time. Also, w hen  failure occurs, it will last for an 

average duration of 1.4 seconds.

3.2.6 Temperature Data Logger Using IEEE 802.15.4/Z igB ee Protocol

In reference [47], Sehgal el al. p ropose  an 8 bit em b ed d e d  platform for a sensor with a netw ork  interface using 

th e  802.15.4, ZigBee protocol to  m onitor th e  variations in local t e m p e r a tu re  and transm it  th e  da ta  within th e  

range to  an assigned em b ed d ed  processor based  server. Received te m p e ra tu re  is simultaneously  displayed on a 

local liquid crystal display (LCD), an assigned server, and a com puter.

3.2.7 Limitations of Hardware

From th e  literature review, it can be  noted th a t  m ost of  th e  techniques t h a t  have been  im planted  for th e  sm a r t  

hom e environm ent have limitations. As a result o f  th e se  limitations, it w ould  be difficult to  g a th e r  information
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n eed ed  for our research using th e  existing techniques. These limitations can be g rouped  into four categories: 

num ber of sensors, pow er usage, price, and perform ance.

• Number o f sensors: M ost of  th e  existing techn iques  are limited to  o n e  or tw o  sensors  th a t  a re  focused 

on one  specific objective (e.g., monitoring e ither tem p e ra tu re ,  humidity, o r  m otion).Som etim es, it is 

difficult to  obtain reliable information with just one  or tw o  sensors. For example, t e m p e ra tu re  sensors  

can be suitable for providing information on appliances, bu t  not on  o th e r  areas, such as m onitoring 

en try  into, o r  exit ou t  of, room s or buildings.

• Power usage: Most of th e se  techniques a re  off-the-shelf. They a re  equipped  with 2 AA batteries .  

Depending on th e  application, for so m e activities th e  ba tte ry  lifetime could last a few days. This can be 

problem atic for us because our applications require long ba t te ry  lifetimes to  enab le  th e  con tinuous 

monitoring of Activities of daily living o f  occupants.

• Price: As indicated above, m ost of th e se  devices are off-the-shelf and  are to o  expensive for t h e  contex t 

o f  our research.

• Performance: Most of th e se  system s w ere  developed to  acco m m o d a te  th e  custom er. The devices a re  

no t  flexible; making th em  "intelligent" in th e  context of a precise application, such as th e  m onitoring of 

th e  elderly population, is a very difficult task. In addition, so m e sensors do  no t  perform well in so m e  

situations. For example, motion sensors can be deceived by w arm  objects and  m otionless persons. 

Ultrasound can be misled by any object. Also, as m en tioned  above , at t imes, it is difficult to  obta in  

reliable data  with just o n e  sensor.

•  Need for "intelligent" approaches for elderly monitoring: Aging populations living alone in their  h o m e 

p resen t  a t least tw o  major associa ted risks: short- term  risks, such as collapse, falling, o r stroke, and
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long-term risks, such as loss of  independence, malnutrition, or insufficient hygiene. M oreover, any 

abnorm al even ts  th a t  happen  to  an aging person in a h o m e can lead to  m ore  serious illnesses or even 

dea th . There is a need  for techn ique  th a t  can m onitor any change in behaviour of  th e  Activities of daily 

living of th ese  aging populations in their  hom es to  p ro m p t  early and  appropria te  medical o r  welfare 

intervention. Furtherm ore, according to  gerontologists, identifying changes in everyday behaviour, such 

as sleeping, food preparation, housekeeping, and en te r ta in m en t ,  is often m ore  valuable th an  biometric 

information for th e  early detec tion  of em erging physical an d  m en ta l  health problems, particularly for 

th e  elderly [48], [49].

In reviewing th e  existing techniques, w e have concluded th a t  th e re  is a n ee d  to  design and develop  techn iques  

th a t  m ee t  th e  needs of th e  elderly population and  achieve high levels of accuracy, while also being portable , 

easy to  use, and cost-effective. The necessary system would be ab le  to  continuously m onito r relatively simple 

p aram eters  to  m easure  th e  interaction be tw een  participants and th e i r  environm ent.

3.3 Design Goals

Unlike old-style networks, sensor  design networks are influenced by many factors. The core factors th a t  need to  

be unders tood  as a first s tep  to  making an informed choice are: environm ent, fault to lerance, transm ission 

media, hardw are  constraints, sensor node  size, pow er consum ption , expandability, ne tw ork  topology, p roduct 

cost, and security and different m e th o d s  and  standards  of wireless com m unication. It is im portan t  to  examine 

th e se  factors when designing sensors because they  serve as guidelines for the  design of a protocol o r  an 

algorithm for wireless sensor networks. In addition, th ese  influencing factors enable th e  com parison of d ifferent
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schem es [50], [51]. To deal with th e  technical challenges o f  designing an efficient wireless netw ork  based on 

multi-sensors for th e  sm art  hom e, th e  following design goals need to  be satisfied.

3.3.1 Environment

Sensor networks a re  expected to  be able to  o p e ra te  within different environm ents,  from  hospitable to  

extrem ely  hostile. They m ust be au to n o m o u s  and o p e ra te  in high volum etric  densities u n a t ten d e d .  The system  

must have fault to lerance to  respond gracefully to  unexpected  hardw are  or softw are failure.

3.3.2 Fault tolerance

There are  several levels of  fault to lerance. The level o f fault to le rance  should  m ee t  th e  env ironm en t to  which 

th e  system will be exposed. For example, rem o te  sta tions  deployed in a hospitable environm ent,  such as in a 

house, monitoring tem p era tu re ,  humidity, o r  light may require  low to lerance  levels to  continue to  o p e ra te  

com pared  to  th o se  deployed in an extrem ely  hostile environm ent,  such as around m achinery  or in a battlefield, 

ocean bed, factory, or d isaster o r  toxic area.

3.3.3 Transmission Media

Remote s tations in th e  wireless sensor network com m unicate  with each o th e r  th rough  transm ission media. 

These communication media can be established through  infrared, radio, o r  optical radios. There are advan tages  

and disadvantages to  each of th e se  media. The optical com m unication medium consum es low am o u n ts  of 

energy and provides high levels of security; however, it requires line-of-sight and is sensitive to  a tm ospheric  

conditions. The infrared communication m edium  does no t require an an ten n a  to  o p era te ,  bu t it has limited
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broadcasting capacity. The radio com m unication m edium  is th e  b e s t  choice of the  t h r e e  com m unication  media 

even though it requires an an tenna .  One option for th e  radio com m unication  m edium  is th rough  industrial, 

scientific, and medical (ISM) bands, which are unlicensed bands an d  bands allocated fo r low pow er devices. To 

gu a ran tee  th a t  th e  spectrum  is used fairly, th e  unlicensed bands n ee d  to  follow national usage requirem ents .

3.3.4 H ardw are  Constraints

The main functions of th e  sensor  node netw ork  (rem ote  station) in th e  field are to  d e te c t  events,  process data ,  

and th e n  transm it th e  data  to  th e  base station. The re m o te  s ta tion  is m ad e  up o f  th e  following four basic 

com ponen ts  (as shown in Figure 3.1): sensing unit, processing unit, transceiver, and p o w e r  unit.

Sensing Unit -------► Processing Unit -------► Transceiver Unit

R e m o t e  s t a t i o n

C
Z>
0>
5oQ.

Figure 3.1: Generic figure of senso r  node

• Sensing unit: The sensing unit is com posed  of sensors. Sensors a re  devices th a t  d e tec t  o r  m easu re  a

physical condition (such as heat, light, sound, pressure, m agnetism , or motion). The analog voltage or

signals genera ted  by corresponding sensors based  on th e  observed  p h enom enon  are  converted  to
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digital form by analog-to-digital conversion (ADC), processed, and th en  tran sm it ted  to  th e  processing 

unit for fur ther processing analysis. These tasks a re  th e  m ajor sources o f  p ow er consum ption  in th e  

sensing unit.

• Processing unit: The processing unit can be a microcontroller o r  microprocessor. Its main responsibilities 

include responding to  th e  sensing unit, processing data, and controlling th e  functionality of  o th e r  

com ponen ts  in th e  rem o te  station.

• Transceiver: The transceiver unit is used to  connect th e  rem o te  station to  th e  network. Within th e  

transceiver, a source of pow er consum ption for radio usage in th e  rem ote  s tation  evolves in five modes: 

transm it, receive, idle, com m and  and sleep.

idle m ode: The RF m odule (node) is in Idle m ode w hen  it is n o t  receiving o r  transm itting  data. 

Transmit m ode :  The RF module (node) is in Transmit m ode  w hen  it is transm itting  data .

Receive m ode: The RF m odule (node) is in Receive m ode  w h en  it is receiving data .

Sleep m ode: The RF m odule (node) is in Sleep m o d e  w hen  it is not being used and  en te rs  low- 

pow er consumption.

C om m and m ode:  The RF m odule (node) is in Com mand m o d e  when it is modifying o r  reading 

th e  RF module param eters .

Possible wasteful energy consum ption in sensor node  could be  due  to  th e  following reasons:

Idle: Idle attending  to  th e  channel waiting for possible traffic.

Retransm itting of da ta :  Due to  th e  occurrence of a collision 

Overhearing: W hen a sensor sends a packet to  th e  w rong recipient.
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Over-emitting: W hen sensors receive data  w hen  they  a re  no t  ready for them .

It is recom m ended  to  avoid using th e  idle m ode  w hen it is no t t ransm itting  or receiving da ta  to  reduce  pow er 

usage in th e  unit.

• P ow er unit: Power consum ptions can be divided into th re e  categories: sensing, communicating, and  

data  processing. A m ore  detailed discussion of this unit can be found  in the  p ow er consum ption  section.

3.3.5 Sensor N ode Size

Since th e  sensor nodes are deployed in th e  hundreds or thousands ,  they  a re  designed to  be small with limited 

resources such as energy, com putational power, and available s torage. All o f th e  co m p o n en ts  in t h e  rem o te  

station may need  to  fit into a matchbox-sized module [52]. The required size may be even smaller th a n  a cubic 

cen tim ete r  [53].

3.3.6 P ow er C onsum ption

Advances in microelectronic technology have m ade  it possible to  design senso r  nodes o f  small physical size, on 

th e  o rder  of o n e  cubic cen tim ete r  [53]. Although th e  size has m ad e  th e  wireless senso r  netw ork  usable in m any 

different applications, a t th e  sam e t im e the  size affects certain resources such as energy, com puta tional power, 

and  available storage. Sensor nodes are equipped  with a limited energy source: batter ies .  Their lifetime, 

therefo re ,  depends  on th e  lifetime of th e  batteries . Depending on th e  application, th e  lifetime of th e  sensor  

node can be only few days, which is unacceptab le  in areas  o f  application th a t  require co n s tan t  monitoring. In 

addition, hundreds or tho u san d s  of wireless sensor netw orks are o f ten  deployed in harsh and  hostile
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environm ents.  In th e se  contexts, af te r  th e  dep loym ent phase  occurs, it is difficult to  have access to  th e  nodes to  

recharge or replace batteries.

In som e applications (such as h o m e  au tom ation  or Smart energy) w h e re  line power is readily available in places 

w here  th e  sensors nodes are  placed, th e  line pow er can be  used so th a t  sensor nodes  can have an unlimited 

supply of pow er resources for th e  applications. In this respect, th e  no d es  are partially a wireless system. 

Although th e  nodes a re  not portable, th e  data  transmission occurs in a wireless manner.

3.3.7 Expandability

Depending on th e  application, th e  num ber of sensor  nodes deployed  in th e  field may be in th e  o rd e r  of 

hundreds or thousands. New schem e system s m ust be able work w ith  this num bers o f  s tations. The design goal 

is to  develop flexible and scalable architecture th a t  can ac co m m o d a te  th e  requ irem ents  of  new  senso r  nodes in 

th e  sam e infrastructure.

3.3.8 Network Topology

The topology network is important; it is th e  s truc tu re  th a t  allows s tandard  wireless devices to  have multiple 

sim ultaneous connections. It is also one  of th e  ways th a t  th e  different wireless s tandards  a re  distinguished. In 

theory, a wirelessly enabled device can connect to  any com patib le  wireless devices within transm ission ranges. 

It is im portan t to  understand  w ha t  th e  new  device will be  connecting to . Network topology is an im portan t 

fea tu re  of device connectivity. Not only does  it allow devices to  have multiple connections, bu t  it also allows 

devices to  join and leave th e  netw ork a t any time. Network topology is one of th e  im portan t m eth o d s  to
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distinguish th e  diverse s tandards  of wireless connections. In short, topology is a m eth o d  of making and  securing 

connections, managing pow er consum ption, transm itting  different types o f  data, and  coexisting with o th e r  

radios. Remote stations are deployed u n a t ten d e d  in high volumetric densities and harsh  env ironm ents .  The 

s tations are  prone to  freq u en t  failure and  m ake topology netw ork  m ain tenance  a significantly challenging issue. 

Topology m ain tenance  and changes can be v iewed in th re e  phases  [50], [51]: p re -dep loym ent and  dep loym ent,  

post-deploym ent, and re-deploym ent of  additional nodes.

3.3.8.1 Pre-deploym ent and Deploym ent

In th e  pre-deploym ent and dep loym ent phase , th e  system s for initial dep loym ent m ust [50], [51]:

•  Reduce th e  installation cost;

•  Eliminate th e  need  for any pre-organization and pre-planning;

•  Increase th e  flexibility o f  th e  a r rangem en t;  and

•  P rom ote  self-organization and fault to lerance.

3.3.8.2 Post-deploym ent

The com m on issues th a t  affect sensor node topologies a f te r  dep loym ent th a t  should be avoided a re  usually 

related to  im proper position, reachability due  to  jamming, noise, moving obstacles, energy availability, o r  

malfunctioning of th e  nodes [50]-[52], [54]. These issues should b e  taken  into account. It m ust be recognized 

th a t  node  failure could be cause by inefficient energy and th a t  th e  n ode  m ay be a ta rg e t  for delibera te  jamming. 

In this way, sensor network topologies a re  p rone  to  f req u en t  changes after dep loym ent [50], [51].

3.3.8.3 Re-deploym ent o f Additional N odes
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Re-deployment of new nodes to  replace malfunctioning nodes  should  be ab le  to  be  easily achieved and th e se  

new nodes should also able to  join th e  netw ork  or organize th e  ne tw ork  w ithou t  any problem.

3.3.9 Product Cost

As w e have indicated, th e  senso r  nodes a re  deployed in th e  thousands .  The price o f  th e  senso r  nodes is 

determ ined  by a single sensor node. The price of a single node  should as ch eap  as possible; o therw ise  it is wise 

to  use a commercial product.

3.3.10 Standard

Devices from a diverse range of suppliers need  to  in teract with each o ther.  It is, th e re fo re ,  im portan t to  

de te rm ine  a s tandard  to  establish communication to  each o th er 's  devices. This allows all o f  th e  devices th a t  

adop t th e  s tandard  to  work to g e th e r  o r share  e lem en ts  of the ir  design. Choosing s tan d ard s  is an im portan t  task  

because  it has a reference a protocol s tack th a t  ex tends up th rough  enough  layers to  provide th e  ability to  

design in teroperab le  application.

3.3.11 Security

Sensor networks can be deployed into any environm ent,  from harsh  to  hostile. They are no t  p ro tec ted  from 

physical attack; anyone can have access to  th e  location w h e re  they  are  deployed. This is m ajor security concern 

re lated to  th e  wireless networks because  anyone can gain access to  sensitive information by listening to  

transmission m essages and can even modify th e  m essage and  re transm it it t o  its in tended  destination .

The following elem ents  o f  netw ork  security a re  necessary to  ensu re  a secure network [55]:
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• Secrecy or confidentiality: Secrecy provides privacy and p ro tec ts  information from  being in tercep ted .  

Even if so m eo n e  intercepts  th e  information, t h e  information would have no meaning.

• A uthentica tion : Authentication m e th o d s  verify th e  identity o f  a person or co m p u te r  accessing th e

network.

• Integrity: Integrity maintains da ta  consistency and p revents  tam p er in g  with information.

• N onrepudiation : Nonrepudiation provides proof of origin to  th e  recipient.

3.4 Wireless Technologies

Besides ZigBee, several o th e r  technologies w ere  investigated in te rm s  of their  fe a tu res  such as pow er 

consumption, distance, data rate, data  delivery, cost, learning curve, size, installation, usability, portability, and 

reliability. The potential wireless technologies th a t  w ere  investigated included Wi-Fi, Bluetooth, Ultra w ideband 

(UWB), Wireless Universal Serial Bus (USB), Infrared (IR) wireless, and  XBee. These technologies  a re  discussed 

very briefly below and their advantages and disadvantages a re  outlined in th e  Appendix A.

3.4.1 Wi-Fi

Wi-Fi is a wireless local area netw ork  (WLAN) th a t  uses high frequency  radio waves to  t ransm it  and  receive d a ta  

over distances o f  a few hundred feet. The technology is based on  th e  Institute of Electrical and Electronics 

Engineers (IEEE) 802.11 standards. The main application for Wi-Fi is to  provide wireless high-speed In ternet and 

network connectivity. Many com puter-associa ted  devices, such as  v ideo gam e consoles, hom e co m p u te r  

networks, and mobile phones, a re  supported  by Wi-Fi.
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3.4.2 B luetooth

Bluetooth is o n e  of a s tandard  of wireless radio technologies th a t  utilizes sh o r t  distance radio w aves to  transm it  

signals over short  distances. Bluetooth technology was originally regarded  as a wireless alternative to  RS-232 

da ta  cables. The technology is suitable for applications th a t  are  b e tw een  different e lectronic devices, such as 

cars phones, mobiles, laptops, headsets ,  and various o th e r  devices.

3.4.3 Ultra wideband (UWB)

Ultra w ideband (UWB) technology o p e ra te s  on th e  3-10GHz frequency band  on  an unlicensed basis. With 

regulatory approval in major m arkets worldwide, this technology has gained broad industry use  as ev idenced  by 

its selection for th e  WiMedia s tandard  in addition to  Wireless USB and high-speed Bluetooth. UWB is used in 

wireless networking to  achieve high bandw idth  connections with low po w er  utilization by using a large portion 

of th e  radio spectrum . UWB technology has potential applications in co n su m er  electronics and  wireless personal 

area  networks (PAN) ranging from digital cam corders  and DVD players to  a mobile PCs and a high-definition TVs 

(HDTV). However, th e  m ost recen t applications ta rg e t  sensor data  collection, precision locating, and  tracking 

applications.

3.4.4 W ireless Universal Serial Bus (USB)

Wireless Universal Serial Bus (USB) is an industry s tandard  for wireless networking based  on Ultra w ideband 

(UWB) signalling technology. Wireless (USB) is a short-range, high-bandwidth, low -pow er wireless radio 

communication protocol th a t  employs a co m p u te r 's  USB ports  for wireless local networking for applications 

such as USB products.
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3.4.5 Infrared (IR) w ireless

Infrared (IR) is a wireless technology th a t  is used for short-m edium -range com m unications and  control devices 

o r  systems th a t  convey da ta  th rough  IR radiation. IR wireless technology is utilized for applications such as 

intrusion detectors; ho m e-en te r ta in m en t  control units; robo t control systems; m edium -range, line-of-sight laser 

communications; and cordless microphones, headsets ,  m odem s, printers, and o th e r  peripherals. Although 

so m e system s o p e ra te  in line-of-sight m ode with a visually unobstruc ted  straight line th rough  space b e tw een  

th e  transm it te r  and receiver, o th e r  systems o p e ra te  in diffuse m ode, also known as sca tte r  m ode. These kinds 

of systems can function w hen th e  t ransm it te r  and  receiver a re  no t directly visible to  each  o ther .  An exam ple  o f  

such a system is a television rem ote-control box [56], The rem ote -con tro l  box does  no t  have to  be pointed  

directly a t  th e  set, although th e  box m ust  be in th e  sam e  room  as th e  se t  o r  just ou ts ide  th e  room  with th e  d o o r  

open.

3.4.6 Radio Frequency Identification (RFID)

Radio frequency identification (RFID) is rapidly becoming th e  technology o f  choice for automatically identifying 

people or objects. It is small, inexpensive, and  not based  on line-of-sight operation . A RFID system  typical 

consists o f  an RFID reader (or transceiver) and  an RFID tag  (or transponder) .  The RFID read er  co m p o n en ts  

consist o f a RFID transm itte r ,  o n e  or m ore an ten n ae ,  and an RFID receiver to  allow encoded  da ta  to  be 

transm it ted  and received from a tag  o r  tags to  be processed. A typical tag  may contain a digital microchip 

a t tached  to  an ten n a e  to  send, receive, and process decoded  data.
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3.4.7 ZigBee

Based on our  investigation, th e  m ost suitable wireless technology for this research is ZigBee. The ZigBee 

technology is widely used in sm art  hom e systems. This technology  is designed for a low d a ta  rate, low p ow er 

consumption, low-cost, wide coverage, and wireless m esh networking s tandard  com m unications protocol for 

wireless sm art  hom e control and m onitor system. Table 3.1 illustrates comparison of ZigBee to  th e s e  potential 

wireless technologies. The comparison is mostly based on th e  following technical fea tu res :  range, frequency

band, bandw idth , netw ork  topology, power, and security.

ZigBee Wi-Fi Bluetooth Z-wave

IEEE Spec. 802.15.4 802. l l x 802 .15.1 N/A
Operating 

Frequency Band
868 MHz (EU), 

900-928 MHz (NA), 
2.4 GHz (Global)

2.4 and 5 GHz 2.4 GHz 900 MHz

Bandwidth 2 0 ,4 0  and 250 Kbits/s 11 & 54 M 
b its/sec

1 M bits/s 40 Kbits/s

Range
(m eters)

10-100 m 50-100 m 10 m 30 m

Networking
Topology

Ad-hoc, peer to  peer, 
star, or mesh

Point to  hub Ad-hoc, very small 
networks

Mesh

Network size 65536 32 7 232

Power
Consumption

Very low High Medium Very low

Security 128 AES plus 
application layer 

security

64 and 128 bit 
encryption

Applications Control and 
monitoring

W ireless LAN Device
Connectivity

Control and 
monitoring

Table 3.1: Comparison o f  ZigBee with o th e r  wireless protocols

3.5 ZigBee Protocol

ZigBee is a wireless communication s tandard  based  on IEEE 802.15.4 low-rate  wireless personnel a rea  netw ork 

(LR-WPAN). The s tandard  was established to  m e e t  th e  needs  of low-cost, low-data rate, low-power, and  short-
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range u n a t ten d ed  devices th a t  accom m odate  th e  global s tandard . The potential applications of th e  ZigBee 

include hom e au tom ations, sm art  energy, te lecom m unica tion , and hea lthcare .  ZigBee is specified to  o p e ra te  in 

th e  industrial, scientific, and medical (ISM) radio bands: 868 MHz with o n e  channel and  over-to-air d a te  ra te  of 

20 kbps in Europe, 915 MHz with 10 channels and  over-to-air da te  ra te  of 40  kbps in North America, and  2.4 GHz 

with 16 channels and  over-to-air da te  rate of  250 kbps for worldwide coverage. ZigBee allows multi-point 

networks. The different frequency bands and th e ir  characteristics are show n in Table 3.2. ZigBee protocol 

fea tu res  include [57]:

• Support for multiple network topologies, such as point-to-point, point-to-multipoint, and  m esh  

networks;

• Low duty  cycle -  provides long battery  life;

• Low latency;

• Direct Sequence Spread Spectrum (DSSS);

• Up to  65,000 nodes per network;

• 128-bit AES encryption for secure da ta  connections; and Collision avoidance, retries, and

acknow ledgem ents.

Band Data rate M odulator Channels Coverage License required

868 MHz 20 kbps BPSK 0 Europe No

915 MHz 40 kbps BPSK 1-10 North America No

2.4 GHz 250 kbps O-QPSK 11-16 Global No

Table 3.2: The different frequency bands and corresponding characteristics of ZigBee



31

3.5.1 ZigBee nodes

There are th ree  types  of ZigBee nodes: ZigBee coord ina to r (ZC), ZigBee ro u te r  (ZR), and  ZigBee end  device (ZED).

3.5.2 ZigBee Coordinator (ZC)

The ZigBee netw ork consists o f  one  ZigBee coord ina tor and  one  or m ore  en d  device to  form th e  personnel a rea  

netw ork (PAN). The end  device has a unique PAN identity  (known as PAN ID) to  avoid m iscom munication 

be tw een  PANs. The coordinator PAN ID is established using th e  ID (PAN ID) and ro u te r  com m ands. The en d  

device associates to  a coordinator w ithout knowing th e  address,  PAN ID, o r  channel o f  th e  coordinator. It is th e  

responsibility o f th e  ZigBee coordinator to  m onitor and  control th e  overall network.

3.5.3 ZigBee Router (ZR)

The ZigBee rou ter  establishes a com m unication link b e tw een  th e  coord ina to r and th e  end  device. Establishing 

this communication link is very im portan t in situations th a t  require  th e  relay of vital information from several 

rem ote  stations (end devices) to  central unit (ZigBee coordinator). The ZigBee rou ter  no t only ex tends netw ork

End Device Router Coordinator

Figure 3.2: Three types of ZigBee nodes: coordinators , routers , and end  devices
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a rea  coverage but also redirects data  around  obstacles. It also provides up alternative pa th  for data  t ransfe r  in 

case of netw ork  congestion or device failure.

3 .5 .4  End Device (ED)

The end  device m ust be connected  to  th e  coord ina to r or  rou ter in th e  network. The end  device has limited 

resources to  perform its function. The end  device can transm it  o r  receive messages, bu t  ca n n o t  relay m essages 

from o th e r  ZigBee networks. It is simple and consum es less power.

3.6 ZigBee Topology Network

The th ree  com m on network topologies supported  by ZigBee are  star, pee r-to -peer (mesh), and cluster t ree .  The 

structures  of  th e se  topologies a re  shown in Figure 3.3.

S ta r  M e s h  C l u s t e r  T r e e

End Device Router Coordinator

Figure 3.3: Three com m on ZigBee topologies: Star, Mesh, and Cluster Tree
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3.6.1 Star Topology Network

The s ta r  topology network consists of one coord ina to r co n n ec ted  to  o n e  o r  many end  devices (ED). The end  

devices have limited resource to  actively transm it data, receive acknow ledgem ent,  and  re tu rn  to  sleep. They do  

no t  relay information from o th e r  devices to  th e  coordinator.  By spending much t im e sleeping, th e  netw ork 

lowers their  duty  cycle and ex tends battery  life.

Data in s ta r  topology can be t ransferred  in tw o  ways only:

• Data transfer to  a coord ina tor from a device and

• Data transfer  from a coord ina tor to  a device.

3.6.2 M esh or Peer-to-Peer Topology Network

Mesh networking is a powerful way to  route da ta .  The p ee r- to -peer  topology ne tw ork  consists o f  all o f  th e  

routers. In peer-to-peer,  each device can com m unicate  directly with any o th e r  device if th e  devices a re  placed 

within th e  range necessary to  establish a successful com m unication link. Range is ex ten d ed  by allowing data  to  

hop node to  node and reliability is increased by "self-healing," t h e  ability to  create  a l te rn a te  paths  w hen o n e  

node fails or  a connection is lost [37].

A mesh network has th e  following characteristics:

• Every node is capable o f  connecting directly to  all o f  its neighbouring nodes;

• Every node is capable o f  routing traffic to  and  from all of its neighbouring nodes;

• The network is self-forming. This m eans th a t  new  nodes a re  automatically added  to  th e  ne tw ork  w ithout 

th e  need  for manual configuration; and
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• The network is self-healing. This m eans th a t  th e  netw ork  automatically adjusts  th e  rou tes  to  and from  

nodes.

Data in peer-to  pee r  topology can be transferred  in th ree  ways:

• Data transfer  to  a coord ina tor from a device;

• Data transfer  from a coord ina tor to  a device; and

• Data transfer  be tw een  tw o  p ee r  devices.

3.6.2.1 M esh Example

Figure 3.4 (Figure 3.5A) illustrates a typical m esh network, and Figure 3.4 (Figure 3.5B) show s how  th e  m esh  

netw ork  dynamically updates  itself w hen  a connection is lost. Node 5 c rea te s  an alternative  pa thw ay  th rough  

Node 4 to  send  collected da ta  to  th e  gatew ay w hen  th e  pa th  to  th e  gatew ay through N ode 3 fails for any  reason.

Node 5 waits for acknow ledgem ent from Node 3. If th e re  is no acknow ledgem ent from Node 3, Node 5 will still

a t te m p t  to  deliver th e  package to  th e  gateway; however, th rough th e  next bes t  path.

In our case, w e assum ed th a t  th e  best alternative hop to  th e  ga tew ay  is Node 4. Node 5 will dynamically a d a p t  

itself by creating an alternative path th rough Node 4  to  send  collected data  to  the gatew ay.



35

N odeS

—  » Node 4 f

N ode 2 i N ode 1

Node 6

Gateway

I  T
J

N ode 7 i

Node 2

Gateway

Node 6 j N ode 7

Node 4)—  I 1 '

— Node  6 j  N ode 7 ,

 /  ._ y
Figure 3.5 A M esh Network Figure 3.5 B A lternative Route fo r Node

Figure 3.4: Mesh Networking

The collected data  is wirelessly transm itted  to  th e  gateway. The gatew ay collects, processes, analyzes, and 

p resents  th e  m easu rem en t da ta  using software. The softw are running on  th e  gatew ay perform s appropria te  

com putation  and displays th e  information on th e  user screen.

3.6.3 Cluster Tree Topology Network

The cluster t ree  is a combination of both s tar and m esh topology. The topology allows for a h e te ro g en eo u s  

network in which ZigBee rou tes  and actively and continuously transm its  and  revives th e  data  th a t  requires a 

robust power supply, while o th e r  nodes respond to  stimulus and spend  m ost of  their t im e sleeping. The netw ork  

is reliable and scalable to  ex tend  the  range of th e  netw ork beyond th a t  of a s tar and m esh. Data in cluster t r e e  

topology can be transferred  in th ree  ways:

• Data transferred to  a coord ina tor from a device;

• Data transferred from a coordinator to  a device; and

• Data transferred be tw een  two peer devices.
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3.7 ZigBee Protocol Architecture

ZigBee protocol architecture consists o f  IEEE 802.15.4 and a ZigBee layer, as  shown in Figure 3.5.

Application Layer (APL)

Application Fram e
ZigBee Device 

Object
Application 

Support Sub-layer

Network Layer (NWK)

Security M essage Routing Netw ork
M anagem ent Broker M anagem ent M anagem en t

Medium Access Control (MAC)

Beacon Enabled 
slo tted  CSMA/CA 

GTS allocation

Non Beacon Enabled 
Non slo tted  CSMA/CA

Physical Layer (PHY)

2 .4 1 GHz/ 
250kbps

915 MHz/ 
40kbps

868 MHz/ 
20kbps

ZigBee Alliance

IEEE 802.15.4

Figure 3.5: ZigBee protocol stack

3.7.1 IEEE 802.15.4

IEEE 802.15.4 consists o f  a physical (PHY) layer and a M edium Access Control (MAC) layer.

3.7.1.1 Physical (PHY) layer

PHY layer is th e  lowest layer o f  th e  IEEE 802.15.4 protocol. It is t h e  closest layer to  th e  hardw are . The layer 

directly controls and com m unicates with th e  radio transceiver. The description of th e  PHY layer ou tlines a low-
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pow er spread spectrum  radio operating  a t frequency bands such as  2.4 GHz, 915 MHz, and 868MHz. The layer is 

responsible for th e  following tasks:

• Activation and deactivation o f th e  radio transceiver: The radio transceiver can o p e ra te  in four different 

m odes: transmitting, receiving, sleeping, and  idle.

• Energy detection  (ED): This layer de tec ts  and e s t im ates  signal energy (power) level within t h e  

bandwidth o f  an IEEE 812.15.4 channel and  de term ines  w h e th e r  th e  channel (desired channel) is busy or 

available (idle) before signal transmission.

• Link quality indication (LQI): This layer assesses th e  quality o f  signal on a link.

• Clear channel assessm ent (CCA): This operation  is responsible fo r  reporting m edium  activity s ta te s  

(busy or idle). It ensu res  th a t  th e  channel is no t se lec ted  by any  o ther  device for a signal to  be  

transm itted .  The th ree  following tasks are perform ed by th e  CCA:

Energy detection  mode: This m o d e  de te rm ines  w h e th e r  th e  received energy  is higher th a n  a given 

threshold  (e.g. energy  detection threshold). If th e  received energy  is high it is an indication o f  th e  

channel being busy.

Carrier sen se m ode: This m ode  is an alternative to  th e  busy or idle mode o f  a frequency  channel. 

Carrier sen se w ith energy detection  m ode: This m ode is the  com bination of th e  above m ethods.

• Channel frequency selection: The PHY layer selects the  desired  channel upon th e  reception  o f  a req u es t  

from a higher layer.

3.7.1.2 Medium Access Control (MAC) Layer
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The MAC layer provides an interface be tw een  th e  PHY layer and  th e  ne tw ork  layer. The description o f  th e  MAC 

layer explains how multiple 802.15.4 radios operating  in th e  sam e  area  can share th e  airwaves. The MAC layer 

description also explains d ifferent netw ork  topologies (e.g. star, peer-to-peer,  and  Tree cluster). Its 

responsibilities include th e  following tasks: generating  beacons  to  enab le  th e  netw ork  and  synchronizing th e  

device in a beacon-enabled network. It is also offers th e  op tion for a device to  join o r  leave a network, this 

option is known as association and disassociation.

3.7.2 ZigBee Layer

The ZigBee description explains application profiles th a t  allow devices from different m anufac tu rers  to  

com m unicate  with each o ther .  ZigBee consists o f th e  netw ork  layer and th e  application layer.

3.7.2.1 Network (NWK) Layer

The NWK layer is th e  interface be tw een  th e  MAC layer and th e  application frame. It is responsible for m anaging 

th e  network formation and  routing. Routing is th e  process of  selecting pa ths  th rough which th e  d a ta  will be 

relayed to  its destination.

3.7.2.2 Application (APP) Layer

The application layer is th e  highest level layer in th e  ZigBee netw ork  and  application objects. The application 

object is developed to  customize devices for various applications. It also controls and  m anages  th e  protocol 

layer in a ZigBee device. The application layer consists o f  th r e e  parts: t h e  application sub layer (APS), th e  

application framework (AF), and  th e  endpoints.
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•  The application sub-layer: This layer interfaces th e  ZigBee application layer to  th e  ZigBee networking 

layer. It also provides a com m on set o f data  t ran sp o r t  services to  all o f  the endpoin ts .  The endpo in ts  a re  

w h a t  m ost people associate with ZigBee.

•  The application f ram e  (AF): This is th e  multiplexes and  con ta iner  th a t  host  application objects on  a 

ZigBee device (endpoints). All endpo in ts  a re  associa ted with application fram es. The application fram e 

ga thers  data  th a t  com es into application layer and sends th e m  into the ir  right destinations, th e  endpo in t  

associa ted with th e  frame.

•  The application ob jec t  (endpoints): Endpoints a re  th e  num bers  (up to  240 endpoin ts)  o f con ta iner  

spaces  th a t  s tores  all of application objects. The application ob jec t  is basically a device profile with 

w h a tev er  extra functionality th e  user decides to  add.

•  ZigBee device object: This is a protocol within th e  ZigBee protocol stack th a t  is responsible fo r  overall 

device m anagem en t and  security keys and policies.

3.7.3 Data Transfer to  a C oord inator

There a re  tw o  m ethods th a t  data  can transfer  to  a coord ina to r in IEEE 802.15.4: beacon-enab led  and non- 

beacon-enabled. Figure 3.6 is shown th e  data transfer to  coord ina to r in IEEE 802.15.4. The tw o  approaches  of 

transferring th e se  data  to  th e  coord ina tor are  shown in Figure 3.7.
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Figure 3.6: Data t ransfe r  to  a coord ina to r in IEEE 802.15.4
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/Slot Allocation

Figure 3.7: IEEE 802.15.4 functioning m o d e

3.7.3.1 Beacon-enabled

If th e  PAN coordinator selects th e  beacon-enabled m ode to  transm it  th e  signal, th e re  a re  tw o  ways of 

transm itting th e  data: conten tion-based  or contention-free .
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In con ten tion -based ,  IEEE 802.15.4 (PAN coordinator) has im p lem en ted  Carrier Sense Multiple Access with 

Collision Avoidance (CSMA-CA) m ethod  to  allow all devices in th e  netw ork  to  transm it th e  signal a t  th e  sam e  

frequency channel. There a re  tw o  types  of th e  CSMA-CA m echanism s in describe IEEE 802.15.4: CSMA-CA with 

slotted and CSMA-CA w ithout s lotted. In both  circumstances, th e  algorithm is applied using units o f  t im e  called 

back-off periods. W hen any device decides to  transm it a signal, it m ust first perform clear channel as se ssm e n t  

(CCA) to  ensure  th a t  th e  desired channel is no t in use by any o th e r  device.

In con ten tion-free , IEEE 802.15.4 (PAN coordinator) allocates a t im e  slot to  a specific device. W ithout using 

CSMA-CA mechanism, th e  device with an allocated g u a ran teed  t im e slot (GTS) with initially t ransm its  th e  signal 

during GTS.

In a beacon-enabled network, th e  device continuously perform s actively and  requires a robust b a t te ry  supply. 

Beacon-enabled also allows for h e te rogeneous  networks. Som e devices a re  active a t  all t im es, while o thers  

respond to  stimulus and spend m ost of  the ir  t im e sleeping.

3.7.3.2 Non Beacon-enabled

If th e  PAN coordinator selects th e  non-beacon enab led  m ode, th e re  are  no channels to  access and  non-beacon- 

enabled th e  device to  use to  transm it th e  data  to  th e  PAN coordinator. The device does  not use slo tted  CSMA- 

CA mechanism to  provide m edium  access control. One of th e  advantages o f  th e  non-beacon enab led  ne tw ork  is 

th a t  th e  ZigBee device spends much t im e sleeping, lowering the ir  du ty  cycle (activity) and  ex tending th e  ba t te ry  

life, as a result. The devices are  active w hen  th e  beacon transm its  data ,  receives acknow ledgem ent,  an d  re turns  

to  sleep mode.
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3.7 .3 .3  Data Verification M ethod

Data verification m ethod  in IEEE 802.15.4 uses a 16-bit f ram e check seq u en ce  (FCS) based  on  th e  in ternational 

Telecommunication Union (ITU) cyclic redundancy  check (CRC) to  d e tec t  possible errors  in th e  d a ta  packet (58].

3.8  Overview o f th e  Research Prototype System

In our research, w e designed, developed, and im plem ented  a wireless system  consisting of several sensors to  be 

used to  m onitor various Activities of daily living of a user by analyzing different changes in th e  environm enta l  

conditions in a sm art  home, collect information using m icrocontroller PIC, and  wirelessly transm it th e  

information to  a base station using XBee modules. The collected inform ation can be analyzed and  displayed to  a 

user 's  PC screen and simultaneously to  a local liquid crystal display (LCD). A buzzer is also included in th e  

prototype system to  a lert th e  user of any unacceptable changes in behaviour. The p ro to type  system  is cost- 

effective, has low pow er consumption, and provides for wireless m esh networking. The p ro to ty p e  system  can 

collect multiple data  a t  th e  sam e time. The pro to type system  is divided into two parts: a re m o te  s tation  and a 

base station, as shown in th e  generic diagram of th e  p ro to type  system in Figure 3.8.
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Figure 3.8: Generic figure of base station and  rem o te  station o f  th e  p ro to type  system

•  The rem ote  station is com posed  of:

- A sensor unit,

- A controller board unit,

- An XBee m odule board  unit, and

- Power by an energy source (usually a battery  o r  solar energy)

•  The base station consists of a coordinator unit connected  to  a PC.

The pro to type system is m ad e  up of a se t  o f  in d ep en d en t  rem o te  stations, th e  base s ta tion  as  a gateway, and  

software. The rem ote  station is a self-contained system consisting of several units and  p ow ered  by an energy 

source, such as a battery  or solar cell. The sensor unit consists o f  several sensors co nnec ted  to  th e  controller
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board unit. The controller board  unit consists o f  a m icrocontroller PIC 16F876. The main functionality of  th e  

microcontroller in th e  research is to:

• Obtain raw sam ples of  sensor inputs e i ther  in analogue or digital form;

• Convert th e se  analog sam ples to  digital binary; and

• Get ASCII code and  compile information to  be displayed to  e ither on  X - CTU term inal o r  LCD display.

An XBee board unit is an XBee module. Its main functionality is to  wirelessly t ran sm it  acquired  d a ta  to  th e  

gateway. The gatew ay is connected  to  th e  PC, which is used  for collecting, processing, analyzing, and  presenting  

th e  m easu rem en t  data  using X-CTU software. The so ftw are  running on th e  gatew ay perfo rm s th e  ap propria te  

com putation  and displays th e  information on th e  user screen.

3.9 Com ponents o f th e  Research Prototype System

In this section, w e provide th e  description of each co m p o n en t  of  th e  p ro to type  system in m ore  detail. Figure 3.9 

illustrates each co m p o n en t  in th e  pro to type system. As m en tioned  above, th e  p ro to type  system  is divided into 

tw o  parts: a rem ote  station and a base station. The re m o te  sta tion  consists of several co m p o n en ts ,  including 

sensors, a buzzer, a microcontroller, an XBee module, and a p ow er source.
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Figure 3.9: Functional block diagram of th e  system

The base station consists of a coordinator unit. The description of th e  pro to type system  is ca tegorized into th e  

following five parts:

(1) Sensors and buzzer;

(2) Microcontroller;

(3) XBee module;

(4) Pow er supply; and

(5) Coordinator.
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3.10 Rem ote Station Hardware and Specification

The rem ote  station is com posed  of several sensors, a microcontroller board, an XBee Board, and a p ow er source 

board. Six non-invasive sensors are com posed  o f  tem p era tu re ,  humidity, photocell, ultrasonic, pyroelectric 

("passive") Infrared (PIR), Hall Effect, a 5V regulator, and a piezoelectronic buzzer. The microcontroller board 

contains a microcontroller (PIC 16F876) and XBee Board is com posed  of an XBee m odule. Table 3.3 provides a 

com plete  list of the  com ponen ts  we used for th e  purpose  of this research and  their cost.

Name Component Image Description Manufacturer Cost 
(US Dollar)

XBee M odule XBee Im W W ire 
Antenna - Series 1

Digi International 2 2 S 5

XBee Adapter XBee Adapter kit -
v l . l

Adafruit Industries 10 .00

PC16FS76-20^'SP M icrocontrollers 
(MCU) 14KB 36B 

RAM 22 I/O

M ioochip  Technology 7.84

LCD 16x2 LCD C haracter 
Display M odules

Lumex 6.97

T em peratu re
Sensor ♦ TM P36- 

T em peratu re Sensor
Analog Device Inc. 1.50

Ultrasonic sensor * Maxbotix Ultrasonic 
Rangrfinder * LV*

EZ1-EZ-1

M axBotix Inc. 25 .00

Humidity sensor I I I! HUMIDITY SENSOR 
SV S %  3-PIN- CHS- 

MSS - Sensors, 
Transducers

TDK 2 2  6 2

Light sensor

•

P hotocell 
ICdS photcresistor)

A dvanced Photonix inc. 1.00

Hal-Effect sensor m Sensor; BfcolarHaH- 
Effect; Radio Lead 1C 

Package

H oneyw el 0.99

PIR (motion) 
sensor

Pyroelectric 
(H Pa ssive”) 1 nf raRed 

sensors

Adafruit shop 10.00

Buzzer

* Piezoelectronic
Buzzer

TDK 1 s o

Total Cost 110.37

Table 3.3: Prototype com ponen ts  used for th e  study and their cost.
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3.11 Hardware and Specifications

The fea tu res  which are  e labora ted  in th e  following sections include sensors  and buzzers, a m icrocontroller 

board, an XBee module, and a 5V pow er supply to  th e  coord ina to r a t th e  b ase  station. Table 3.4 illustrates a list 

o f  th e  fea tu res  o f  th e  com ponen ts  of th e  pro to type system.

Com ponents Features
Type Objective Range Voltage

(V)
M anufacturer

Microcontroller PIC 16F876 Capture
values

-40°C ~>85°C 2-5.5 Microchip

Temperature
Sensor

TMP36 Monitor
te m p e ra tu re

-40°C->150°C 2.7-5.5 Analog Devices

Humidity Sensor CHS- series M onitor
humidity

5% ->95% 5 TDK

Light Sensor PDV-P8001 D etect light --- 2.5-
higher

Advanced 
Photonic, Inc.

Ultrasonic Sensor LV-maxBotix-
EZO

Detect
distance

6 -> 254 inch 2.5-5.5 M axBotix

M otion Sensor #555-28027 Detect
motion

20ft
(110°X70°)

3.3-5 Adafruit

M agnetic Sensor US5881LUA Detect
open /c lose

door

3.5-24 Melexis

Table 3.4: Prototype com ponen ts  used for th e  research

3.11.1 Asynchronous Serial Communication

It is im portan t th a t  different devices com m unicate  with each  o th e r  w h e th e r  they  are  p re sen t  on th e  s am e  board  

o r  th e  sam e device or are  on sep a ra te  individual devices; thus, th is com m unication has to  be hardw are  self

determining. It should not m a t te r  w ha t  th e  devices or  co m ponen ts  are  m ad e  of; however,  t h e re  has to  be  a 

protocol for communication. There are  large num bers  of  communication protocols available for devices to
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com m unicate  with each o ther.  The preferable  com m unication system m u s t  synchronize its da ta  transmission 

and  receive a clock signal. In certain situations, such as  in radio controlled wireless applications, it is difficult or 

som etim es impossible to  establish a s ep a ra te  channel for da ta  and  a clock. In th e s e  situations, single wire 

transmission is m ore  effective [59]. USART is th e  type  of serial com m unication protocol th a t  can establish this 

kind of transmission.

3.11.2 Universal Asynchronous Receiver and Transmitter (USART) Protocol

This protocol has tw o  terminals: one  term inal for receiving da ta  and  an o th e r  for t ransm itting  data .  The da ta  is 

sen t  and received with no need  for clock synchronization. Therefore, it is called asynchronous. The USART 

protocol is very simple; it requires data  com posed  of e i th e r  8 or  9 bits. Furtherm ore, The USART protocol can be 

configured as a full duplex asynchronous system  th a t  can com m unicate  with peripheral devices, such as 

cathode-ray  tu b e  (CRT) term inals  and personal com puters,  o r it can be configured as a half-duplex synchronous 

system th a t  can com m unicate  with peripheral devices, such as analog-to-digital (A/D), digital-to-analog (D/A) 

in tegrated circuits, o r  serial EEPROM. USART is very com m only used in microcontrollers, because  of which m ost  

o f  th e  microcontrollers provide a built-in hardw are  m odule  such th a t  this can be enabled . The h ard w are  m odule 

has built-in circuitry to  handle m ost of th e se  USART tasks automatically [59], [60]. M icrocontroller PIC 16F876 

has tw o  external pins (RC6 and  RC7) th a t  are necessary to  im plem ent th e  USART protocol, RC6 for th e  da ta  

transm it te r  (Tx), and  RC7 for th e  data  receiver (Rx).
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3.12 ZigBee Starter Developm ent Kits

The ZigBee alliance is com posed  of several associa ted companies. As of 2007, th e re  w ere  over 200 

sem iconductor com panies th a t  have developed the ir  own ZigBee protocol com patib le  hardw are  p latform s and  

corresponding softw are  stack packages, including MICAz from  Crossbow, JN5139 from  Jennie, CC2430 from 

Texas Instrum ent (Chipcon), and XBee from Digi International. In te rm s  o f  cost, unrestr ic ted  dev e lo p m en t 

environm ent, flexibility, and m an ag em en t of  advanced  nodes with many peripherals, th e  type  of ZigBee th a t  w e 

believe is suitable for this thesis a t this stage is XBee, as show n in Table 3.5.
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Component Component Image M a n u b c tn r Cost (US 
Dotar)

Crossbow MICAz 
Startar Kit

%

Crossbow 795

JN5139
ZigBee

Evaluation Kit L

Jennie 499.00

CC2430Z«Bea 
Davaiopmant Kit m-» s

Taxes
Instrumentm)

1499.00

KIT STARTER XBEE

USi
Digi

International

144.81

Table 3.5: ZigBee s ta r te r  Kits

3.13 XBee M odule

The brand of ZigBee module th a t  we used for th e  research is called XBee. An XBee m odule is a wireless 

communication m odule developed by Digi™ International to  m ee t  IEEE 802.15.4 s tan d a rd s  th a t  supports  th e
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I
 unique needs of low-cost and low-power wireless senso r  networks. The m odule is relatively small, 

reliable, and easy to  use; requires minimal power; and provides consistently good quality and 

perform ance on the  delivery of data  be tw een  devices. The XBee module consists o f a microcontroller 

and a radio frequency integrated circuit (RF 1C). The m odule supports  a wide range of com m unications 

protocols, such as 802.15.4 and Wi-Fi. The XBee module o p e ra te s  within th e  Industrial, Scientific, and  Medical 

(ISM)6 radio band frequency of 868 MHz in Europe, 915 MHz in th e  North America and  Australia, and 2.4 GHz 

worldwide.

3.13.1 XBee Series 1 and XBee Series 2

In our study, we began working with th e  XBee Series 1 m odule and th en  we switched to  th e  XBee Series 2 

module. XBee Series 1 and XBee Series 2 a re  not compatible. They use different chipsets, firmware, and 

protocol. They cannot be used to g e th e r  a t th e  sam e tim e. In addition, XBee Series 1 is designed for point-to- 

point or point-to-multipoint tasks, while XBee Series 2 is suitable for m esh networks. Figure 3.10 shows an XBee 

Series 1 with RPSMA connector an tenna .

Figure 3.10: XBee Series 1 with RPSMA connecto r  an tenna

6 ISM Band is the frequency band that is set aside to be used for scientific, medical, and industrial purposes.
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XBee Series 1 consum es less pow er com pared  to  o th e r  versions of XBee. The typical range for th e  basic module 

is up to  100 fe e t  (30 m eters)  in a normal hom e or office and  300 fe e t  (100 m eters) ou ts ide  u nder  Line-of-sight 

conditions.

On th e  o th e r  hand, XBee Series 2 has higher p ow er consum ption  com pared  to  th e  XBee Series 1 module. W e 

switched from XBee Series 1 to  Series 27 because  Series 2 has a higher range com pared  to  Series 1, and also 

Series 2 is suitable for m esh networking. Series 2 is capable o f  transm itting d a ta  to  a m axim um  range o f  133 fee t  

(40 m eters) indoors and  400 fee t  (120 m eters) o u td o o rs  under  Line-of-sight conditions. Series 2 can be 

sepa ra ted  into tw o  sub-series: Znet 2.5 and ZB. The difference be tw een  th e s e  two series  is th a t  Znet can u p d a te  

firmware over-the-air while ZB Series 2 and Series 1 can only upgrade firmware with X-CTU via a serial 

communication port [61]. The specification of XBee Series 1 and  Series 2 a re  illustrated in Table 3.6.

The XBee Series 2 m odules th a t  w e used for th e  s tudy are equ ipped  with a 1 /4  wave m onopo le  in tegra ted  whip 

an tenna  shown in Figure 3.11. The Series 2 m odule is based  on th e  Ember8 chipset and  is designed to  be  used in 

applications th a t  require repea te rs  or mesh networking. Appendix C provides m o re  information on XBee 

modules.

7 Series 2 consum es power approximately around 2mW (+3dBm).

8 Ember is th e ZigBee chip family that contains the highest w ireless networking performance and application cod e space  

within th e low est power-consum ing chip set.



Figure 3.11: XBee Series 2 module with an in tegra ted  whip a n ten n a

XBee Series 1 X Bee Series 2

Indoor/Urban range up to  100 ft. (30m ) up to  133 ft. (40m )

Outdoor RF line-of-sight range up to  300 ft. (100m) up to  400 ft. (120m )

Transmit Power Output lm W  (Odbm) 2m W  (+3dbm)

RF Data Rate 250 Kbps 250Kbp5

Receiver Sensitivity -92dbm  (1% PER) -9Sdbm (1% PER)

Supply \Mtage 2 .8 -3 .4  V 2 .8 -3 .6 V

Transmit Current (typical) 45 m A(@  3.3 V) 40 mA (@ 3.3 V)

Idle/Receive Current (typical) 50m A (@  3.3 V) 40m A (@  3.3 V)

Power-down Current 10 uA lu A

Frequency ISM 2.4GHz ISM 2.4 GHz

Dimensions 0.0960" x 1.087" 0.0960" x 1.087"

Operating Tern perature -40 to  85 C -40 to  85 C

Antenna Options Chip, In tegrated  Whip, U.FL
Chip, In tegrated  W hip, U.FL, 

RPSMA

Network Topologies Point to  point. Star Point to  point. Star, M esh

Number of Channels 16 Direct Sequence Channels 16 Direct Sequence Channels

Filtration Options
PAN ID, Channel & 

S ource/D esti nati on
PAN ID, Channel & 

Source/D estination

Table 3.6: The specification of XBee series 1 and  series 2
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3.13.2 XBee D evelopm ent Board

The XBee m odule canno t function by itself; it needs  to  be connected  to  a circuit board  to  transm it  o r  receive 

data. There a re  several XBee deve lopm ent boards th a t  w e re  considered in this research, such as SparkFun XBee 

Explorer USB board from SparkFun,9 XBee a d a p te r  from  Adafruit, and Digi d ev e lo p m en t board  from Digi 

International. However, af te r  investigation, w e choose  th e  SparkFun XBee Explorer USB board  for th e  base  

station and  an XBee ad a p te r  for th e  rem o te  station. Appendix C provides m ore  information on th e  Digi 

International board.

3.13.3 The XBee Board

The XBee wireless m o d em  ad ap te r  seen  in Figure 3.12 is th e  board  th a t  w e used for th e  re m o te  station. It is an 

excellent low-cost ad a p te r  board, costing only $10 as show n in Table 3.7. The m odule  is th e  eas ies t  way to  

crea te  a wireless point-to-point o r  m esh netw ork. It has e r ro r  correction and  is configured with AT com m ands. 

There a re  multiple kinds of th e  unit and it can even be used to  c rea te  a wireless serial link o u t  of th e  box. The 

connection to  a com pute r  via USB can be d o n e  using an FTDI cable, which m eans th a t  configuring or upgrading 

th e  a d a p te r  can be as simple as plugging in a cable. RESET and RX pins a re  connected  into th e  XBee, passing 

through a level converter  chip th a t  brings th e  levels to  3.3V; however, voltage b e tw e en  2.7 to  5.5V can be 

suitable to  com m unicate  with th e  XBee.

As shown in Figure 3.12, th e  a d a p te r  is very simple, consisting of th e  following com ponen ts  on  board:

9 SparkFun is a well-known online electronic vender that sells bits and p ieces to  make electronics projects possible, w ebsite: 

www.sparkfun.com

http://www.sparkfun.com
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• 3.3V regulator to  supply XBee with power, up to  250mA;

• 5V regulator to  be used to  connect to  circuitry, such as the  o n e  we are  using, w ithou t risk of dam age;

• Two LEDs, one for activity (RSSI) and th e  o th e r  for p ow er (associate); and

• 10-pin 2m m  sockets, included to  protect th e  m odem  and allow for easy exchange, upgrading, o r

recycling.

D T R  - F io w  c o n t ’-ol in to  X B e e ------
R S T  - X B e e  R e s e t ------------------ *

C o m m o n  G r o u n d  -4 r -  ' ^
C T S -  F 'o w  c o n tro l  fro m  X B e e  ~’" |y 

5 V  - p o w e r  tc  r e g u la to r  —— J *  
R X  • S e n a l  d a t a  in to  X B e e  —-  ~  

TX - S e n a >  d a t a  f ro m  X B e e  ♦  
R T S  - F low ' c o n tro l  in to  X B ee*

3V  fro m  - e g u la to r  ■ o r  input.:

Figure 3.12: XBee A dap te r10

10 XBee Adapter from Adafruit, Adafruit website: http://w w w .adafruit.com

http://www.adafruit.com
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Component Component Imaf a Manufacturer Coat (US Dollar)

XBee Adapter kit - 
v l . l

Adafruit
Industries

10.00

FTDi Cable SV VCC- 
3.3V I/O

O -
<►

K

Adafruit
Industries

20.00

Total 30.00

Table 3.7: XBee ad a p te r  board

3.14 Base Station -  Receiver

The base station consists of th e  coordinator unit and th e  PC. The coord ina tor unit is com posed  of an XBee 

module plugged into an XBee explorer USB board from SparkFun Electronics and  connec ted  to  th e  PC through a 

USB Mini-B cable connector, as shown in Figure 3.13.

The main functionalities o f th e base station are th e following:

• To collect, process, analyze, and p resen t th e  m easu rem en t  data  using X-CTU softw are. The software 

running on th e  gatew ay performs th e  appropria te  com putation  and displays th e  information on the  user 

screen; th e  softw are is used for configuring th e  XBee modules as a coord ina tor for th e  base station or 

routers  for th e  rem ote  station. Further discussion of the  X-CTU can be found in section 4.6.4.



To configure th e  XBee modules as a coord ina to r for th e  base  station or rou ters  and end  devices for th e  

rem ote  station.

The coord ina tor is used to  establish th e  ZigBee network. Only one ZigBee coord ina to r  and one  o r  m ore 

end device are needed  to  form th e  personnel area  netw ork  (PAN). The coo rd ina to r  is configured to  

synchronize th e  communication network so th a t  all wireless data received by th e  an ten n a  are  echoed  

through th e  USB port to  the com puter .  The end  device in th e  PAN has a unique PAN identity (known as 

PAN ID) to  avoid miscommunication b e tw een  PANs.

The coordinator chooses the  suitable channel with th e  appropria te  PAN ID (16 and  64 bits) to  establish 

th e  ZigBee network. The coordinator requests  th a t  th e  end device link to  th e  netw ork  w ithout knowing 

th e  address, PAN ID, or channel of th e  coordinator.

The ZigBee coordinator is responsible for monitoring and controlling th e  overall network.

The collected data  are displayed on th e  X-CTU window, as shown in Figure 3.13.

Figure 3.13: Base s tation  of th e  prototype system
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3.14.1 SparkFun XBee Explorer USB

The XBee explorer USB board w as selected for the base station. The board w as  chosen for th e  following reasons:

(1) It is reasonably small and cost effective;

(2) The board works well with a lm ost all XBee modules, including Series 1, Series 2, Series 2.5, and XBee 

Pro;

(3) It is very simple to  establish a connection with this board. All th a t  is necessary is to  plug th e  module 

into the XBee Explorer and a t tach  it to  a mini USB cable (as shown in Figure 3.14), which allows 

direct access to  th e  serial and  program pins on th e  XBee module.

Figure 3.14: SparkFun XBee Explorer USB b o ard 11

Table 3.8 summarizes th e  cost of the  XBee Explorer USB board.

11 SparkFun XBee Explorer USB board from SparkFun, w ebsite: http://w w w .sparkfun.com /

http://www.sparkfun.com/
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Component Component Image Manufacturer Coit (US Dollar)
XBee Explorer USB

0

Sparkfun
E lectronics

24.95

USB MinhB Cable

&

Sparkfun
E lectronics

3 .95

Total 28 .90

Table 3.8: SparkFun XBee Explorer USB board
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CHAPTER 4

DESCRIPTION OF THE HARDWARE AND SOFTWARE

4.1 Introduction

The purpose  of this ch ap te r  is to  provide a detailed  description o f  the  hardw are  and  softw are  design of our  

prototype system. The chap te r  is divided into four sections: Section 4.2 show s th e  co m p o n en t  images; section

4.3 provides information on th e  pow er supply for th e  p ro to type  system. Section 4.4 contains an explanation o f  

th e  connection of th e  com ponents ,  and, finally, section 4 .6  contains information on th e  softw are  th a t  we used  

to  design and develop th e  pro to type system.

4 .2  C om p o n en t  Images

Figure 4.1 show s th e  actual images of th e  com ponen ts  w e used for th e  research with arrow s pointing to  th e  

direction of their  connection. The figure consists o f  th e  following com ponen ts :

Sensors: T em perature , Humidity, Light, Ultrasonic, Motion, and Hall Effect

M icrocontroller: PIC 16F876

XBee: Series 2

XBee Board

5V regula tors: LM 7805

LCD an d  Buzzer
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Temperature Microcontroller 
Sensor PIC 16F876

/  LĈ
_  _  XBee Board

Humidity Sensor |IU

• “ Solderless Board
Light Sensor ^

% y *  XBee Module

i  Buzzer
Ultrasonic Sensor f  \ \  x _

5V Regulator

Hall effect , *. ,*  PIR (motion)
sensor sensor

Figure 4.1: Developed rem o te  station with all com ponen ts

4.3 5V Power Supply Regulator

The first task is to  design, develop, and im plem ent a voltage regula tor board to  g en e ra te  pow er to  th e  

microcontroller and o ther  com ponen ts .  With th e  exception of th e  XBee module, which consum es 

only 3.3 V DC (Direct Current), the  microcontroller PIC 16F876 and  o ther co m p o n en ts  require  5V DC 

pow er supply for their operation. The m ost com m on 5V pow er supply is LM7805. LM7805 has a 

pow er supply of 1 AMP and a to lerance of +/- 5 %. In addition, a major concern for the  accuracy of 

th e  ou tpu t  voltage is the  AC noise coming into th e  input pin. This noise m ust  be reduced. The easiest way to  

help flatten out ripple is by using filtering capacitors. Electrolytic capacitors and  ceramic capacitors w ere  th e  tw o  

types of capacitors chosen for this task. These tw o  types of capacitors and  o ther  co m p o n en ts  in Table 4.1 and 

Figure 4.2 w ere  used to  design the  5V DC power supply for th e  prototype system.
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C om ponent V oltage (V)
XBee Series 1 2 . 8 - 3 .4
XBee Series 2 2.8  -3 .6

M icrocontroller (PIC 
16F876)

2 - 5 . 5

liquid crystal display (LCD) 5
Tem perature  Sensor 2 .7 -  5.5

Humidity Sensor 5
Light Sensor up to  100

Ultrasonic Sensor 2 . 5 - 5 .5
PIR (Motion) sensors 3 . 3 - 5
Hall - Effect Sensor 3.5 - 24

Piezo Buzzer 3 - 3 0

Table 4.1: Com ponents  and  their  voltage ranges

•  Switch: Use to  tu rn  system ON/OFF contains th ree  pins th a t  can easily be sn ap p ed  into a b readboard  to  

turn  th e  system on or off. The cen te r  pin is connected  to  th e  power. Sliding forward tu rns  th e  system  off 

and sliding backward tu rns  th e  system on.

•  DC jack: Terminal for pow er source to  th e  system  contains pins th a t  snap  into a breadboard .

•  1N4001 protection diode: Allows th e  curren t to  flow in o n e  direction, thus  blocking th e  curren t from

flowing in th e  opposite  direction.

•  Two electrolytic capacitors and tw o  O.luF ceramic capacitors: Are used to  stabilize th e  supply o u tp u t  

and input.

•  Two LEDs and matching resistors: The matching resistors a re  used  to  o p p o se  an electric cu rren t  by 

making a voltage drop  be tw een  its terminals in proportion to  th e  current.

From Ohm 's law (Voltage (V) = curren t (I) x Resistor (R) -> V = IR) with a 5V power supply and  a cu rren t  o f  0.005, 

th e  matching resistor is 5 /0 .005 = 1000 Ohm.
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Electrolytic
Capacitor

Diode

Electrolytic
CapacitorSwitch

1KQ Resistor

Ceramic Capacitor

Figure 4.2: 5V pow er com ponen ts

Figure 4.3 illustrates th e  5V DC power supply th a t  w as designed for th e  study. The figure on th e  right is w hen  th e  

power switch w as tu rned  on, and th e  figure on th e  left is w hen  th e  pow er switch w as tu rned  off. W e used a 

vo ltm eter to  tes t  the pow er ou tput.  Appendix D provides m ore information related to  designing th e  5V pow er 

supply for the  system.
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5V R e g u la to r  C ircu it OFF 5V  R e g u la to r  C ircu it ON

Figure 4.3: 5V regulator circuit designed board w hen  th e  switch is off and on

4.4  Component Connections

The com ponen ts  and the  orders of their  in terconnections are shown in Figure 4.4. Once th e  5V pow er supply is 

functioning properly, the  next task is to  design and develop  th e  microcontroller board. The microcontroller is 

designed and developed for its functionality by using th e  LED, buzzer, and LCD, which are  p rogram m ed to te s t  

for th e  following: LED to tes t  if it's blinking, buzzer to  check it's buzzing, and LCD to  te s t  if we could display 

ou tpu t  from it. Once the  microcontroller is confirmed to  be working well, th e  sensors are connected  o n e  by o n e  

and th e  display of their o u tpu t  on th e  LCD begins. Then, we connected  th e  XBee m odule to  transm it th e  

collected data  to  th e  base station. The com ponen ts  and o rd e r  of their  connections in this system  can be 

described in the  four following steps:

(1) Step 1 - microcontroller, PIC 16F876

(2) Step 2 - sensors, LCD, and piezoelectronic buzzer

(3) Step 3 - XBee module
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(4) Step 4 - coordinator

Remote Station

f  \
LCD buzzer

Transmit Data to 
Receiver

5 V power 
supply

microcontroller 
circuit board

3 .3  v power 
supply XBee board Data from 

Transmitter

Tx to  Din

CD
O

U
O

a
w
2
S

111
O

Data to Receiver

Base Station

Coordinator

Figure 4.4: Block diagram of th e  p ro to type  design

4.5  Components Connection Pins

Microcontroller PIC 16F876 is th e  h ea r t  of th e  rem o te  station. All o f th e  com ponen ts  on th e  re m o te  s tation 

system m ust be connected  to  th e  microcontroller to  be program m ed to  t ran sm it  da ta  to  th e  base  s tation  via th e  

XBee modules. These com ponen ts  consist o f  th e  XBee modules, liquid crystal display (LCD), Hall Effect Sensor, 

and buzzer and m onitor tem p era tu re ,  humidity, photocell, ultrasonic, and  Pyroelectric ("passive") Infrared (PIR).
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4.5.1 Microcontroller PIC 16F876 Pin Assignm ents

I
 Microcontroller PIC 16F876 has th ree  input and o u tp u t  (I/O) ports: PORTA, PORTB, and PORTC. These 

ports  are bidirectional, which m eans th e  ports can be se t  as e i th e r  inputs or  ou tputs .  These ports  

provide the  m eans  of communication with th e  microcontroller. PORTA has six pins, RAO (least significant 

bit) to  RA5 (most significant bit), as show n in th e  Figure 4.5 and Table 4.2. PORTB and PORTC have eight 

pins each, RBO to  RB7 and RCO to RC7, respectively. Both PORTB and PORTC are 8-bit ports. In this thesis, PORTB 

is devoted to  LCD usage. The LCD is used to  display da ta  locally. RC 6 and RC 7 of PORT C are  used as th e  UART 

PORT to  transm it and receive th e  collected data . Table 4.2 shows th e  pins of  the m icrocontroller assigned for 

th e  function of th e  com ponents .

1C Pin PORTA
Bit

1C Pin PORTB Bit 1C Pin PORTC Bit

Pin 2 RAO Pin 21 RBO Pin 11 RCO

Pin 3 RA1 Pin 22 RBI Pin 12 RC1

Pin 4 RA2 Pin 23 RB2 Pin 13 RC2

Pin 5 RA3 Pin 24 RB3 Pin 14 RC3

Pin 6 RA4 Pin 25 RB4 Pin 15 RC4

Pin 7 RA5 Pin 26 RB5 Pin 16 RC5

Pin 27 RB6 Pin 17 RC6

Pin 28 RB7 Pin 18 RC7

Table 4.2: Structure of ports for microcontroller PIC 16F876
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MCLR/Vpp

RAO/ANO
RA1/AN1

RA2/AN2A^ref-
RA3/AN3A/ref+

RA4/TOCW
RA5/AN47SS

Vss
OSC1/CLKIN

OSC2/CLKOUT
R co m o so m cK i

RC1/T10SI/CCP2
RC2/CCP1

RC3/SCK/SCL

RB7/PGD
RB6/PGC
RB5
RB4
RB3/PGM
RB2
RB1
RBO/1NT
Vdo
Vss
RC7/RX/DT
RC67TOCK
RC5/SOO
RC4/SDI/SDA

Figure 4.5: Microcontroller PIC 16F876

Appendix B provides m ore information on th e  microcontrollers and  o th e r  co m p o n en ts  th a t  w e  considered for 

th e  purpose  of this research.

4.5.2 Analog to  Digital Conversion

Most sensors provide analog voltage readings th a t  m ust be converted  to  a digital form  using an  A/D converter .  

The digital equivalent to  th e  analog voltage can be de term ined  from Equation 1.

/ r a w  r e a d in g \
o u tp u t  v o l ta g e 12 =  y-^ADC bit— x r e fen c e  v o l ta g e (v )  (1 )

Where:

Raw reading is an incoming raw reading th a t  will contain any reading value from  0 to  2ADC blt — 1.

Reference voltage is 5V pow er supply; there fo re , by default, th e  re ference is set to  5V.

12 Output voltage is converted into volt by (5/1023)*raw  reading. Raw reading contains a value from 0 to  1023.
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ADC Bit is th e  microcontroller PIC resolution. The microcontroller PIC recom m ends a 10-bit resolution o f  analog 

to  digital conversion. This indicates th a t  w hen  measuring an arriving voltage, th e  PIC microcontroller m atches  up 

th a t  voltage to  a re ference voltage and gives th e  associa ted represen ta tion  n u m b er  from 0 to  1024-1 

bit resolution _  Therefore, th e  re tu rned  raw reading value is converted  into volts by (5/1023)* raw 

reading. 0 indicates th e  lowest m easu rem en t  voltage and 1023 rep resen ts  th e  highest m easurab le  voltage. The 

o u tp u t  will be 0 w hen th e  analog input is 0V, and th e  o u tp u t  will b e  1023 w hen  th e  analog input is 5V, and each  

s tep  indicates an increm ent o f  5V/1023= 0.00488.

( r a w  r e a d in g \
o u tp u t  v o l ta g e  =  I   1 x 5V (2 )

To get voltage in mV, w e multiplied equation  (2) by 1000 to  ge t  equa tion  (3):

o u tp u t  v o l ta g e  = ( ra w  r e a d in g ) x  4 .88  (3 )

Equation (3) is used to  obtain th e  digital values of th e  thesis com ponen ts .

4.5.3 T em p era tu re  Sensor

The TMP36 tem p e ra tu re  sensor o u tp u t  voltage is ((output voltage) mV -500) p er  10 d eg rees  cen tigrade 

(lOmV/centigrade). From equation  (3), th e  te m p e ra tu re  can be  de term ined  as follows:

rr a w  r e a d in g  1x4 .88  — 5 0 0 i  
te m p e r a tu r e  (C°) = I-------------------— -------------------1 (4 )

Equation (4) can be reduced to  equa tion  (5):

t e m p e r a tu r e (  C°) =  [ ( ( r a w  r e a d i n g  l ) x 0 .4 8 8 )  — 50] (5 )
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For example, if raw read ing l is equal to  num ber 185, th e  corresponding tem p e ra tu re  it will be 

t e m p e r a tu r e (C ° ) =  [ ( (1 8 5 )x 0 .4 8 8 )  — 50] 

te m p e r a tu r e  (C °) =  [(9 0 .2 8 )  — 50] 

t e m p e r a tu r e (C °) =  40 .28  

Figure 4.6 shows th e  voltage o u tp u t  in volts responding to  th e  te m p e ra tu re  in centigrade.
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0

^ R S pM

VS = 3V

y
A \01

y

/
va

-50 -2 5  0 25 50 75
TEMPERATURE ( C)

100 125

0 /- \1 3Figure 4.6: O utput voltage (V) vs. T em p era tu re  ( C)

The TMP36 T em peratu re  sensor is a th ree  pin IC sensor. The senso r  should be connected  as follows: th e  left pin 

is connected  to  power (5V), th e  right pin is connected  to  a ground, and th e  middle pin (an analogy voltage th a t  is 

directly proportional (linear) to  th e  tem pera tu re )  is connected  to  PIC16F876 a t  RAO of PORTA.

13 Source o f  this figure: Adafruit, ladyada, h t tp : / /w w w .la d va d a .n e t / learn /sen sors /tm p 3 6 .h tm l

http://www.ladvada.net/learn/sensors/tmp36.html
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4.5.4 Ultrasonic SensormUltrasonic Sensor provides an o u tp u t  analog voltage with a scaling factor of (Vcc/512) per inch, 

with a pow er supply of 5V yields ~9.8mV/in. and 3.3V yields ~6.4mV/in.

From equation  2, th e  ultrasonic sensor reading can be de term ined  as th e  following:

r / 1 0 2 3 \
ra w  r e a d in g !  =  N —̂ ~ J  x 9 .8 m V /d is tan ce ( in ch )

Equation (6) can be reduced to  equation  (7):

(6)

d is ta n ce  ( in ch )  =
( ( ra w  r e a d in g 2 )^  

\  2 .0 0 5 0 8  J (7)

The sensor has th ree  pins: pin 3 (right) is connected  to  5V power. Pin 2 (middle) is connected  to  th e  ground; and 

pin 1 (left) is connected  to  the RA 1 of PORTA of the  microcontroller.

4.5.5 Humidity Sensor

The relative humidity (RH) can be read directly with a vo ltm eter;  an o u tp u t  DC of IV can produce

100(%) RH. The sensor is capable of measuring humidity in th e  range of 5% to  95% relative humidity.

/ ' Relative humidity can be determ ined  from equation  (2) by multiplying equa tion  (2) by 100 to  g e t

equation (8):

h u m id i ty  (% ) =
( ( r a w  r e a d in g 3 )x 5 V \

V 1023 (8)

Equation (8) can be reduced to  equation (9):

h u m id i t y (% ) =  ( r a w  r e a d in g 3 )x 0 .48 8 (9)
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The sensor was connected  to  RA 2 of PORT A of the  microcontroller.

4.5.6 Photo Cell Sensor (Light Sensor)

The photocell sensor has tw o  pins. The pins a re  symmetric. O ne of th e  pins is connected  to  th e  5V pow er 

supply, and th e  o ther  pin is connected  to  RA3 of PORTA of microcontroller PIC 16F876.

The photocell 's sensor can be de term ined  from equation  2 above  as follows:

/ ra w  r e a d in q 4 \
“ Sht = {  10 2 3  ) X5V (1 0 )

Equation (10) can be reduced to  equation  (11):

l ig h t  =  ( r a w  re a d in g 3 )x  0 .0 0 4 8 8  (11 )

4.5.7 PIR (M otion) Infrared Sensor

U
PIR (Motion) Infrared Sensor o u tpu t  provides a binary reading. The sensor has th ree  pins. Pin 3 

(right) is connected  to  5V power. Pin 2 (middle) is connected  to  th e  ground, and pin 1 (left) is 

connected  to  th e  RC 4 of PORTC of microcontroller. The motion is d e tec ted  when th e  RC 4 of PORT C o u tp u t  is 

T  and motion is not de tec ted  w hen the  RC 4 of PORT C o u tp u t  is 'O'.
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4.5.8 Hall Effect (magnetic) Sensor

The Hall Effect (magnetic) Sensor has th ree  pins, pin 3 (right) is co nnec ted  to  5V pow er, pin 2 (middle) is 

connected  to  th e  ground; and pin 1 (left) is connected  to  th e  RC3 of PORT C. The senso r  o p e ra te s  with a 

magnet, as shown in Figure 4.6. W hen th e  south  pole of the  m agnet is near th e  front of th e  sensor, pin 3 will go 

down to  OV. In our  research, this will indicate th a t  th e  door is closed. O therwise, it will stay a t w h a tev e r  th e  pull- 

up resistor is connected  to  and display th e  d o o r  being unlocked on th e  screen. In th e  north  pole of th e  magnet, 

nothing occurs if a m agnet is placed nearby (unipolar).

Hall Effect S en so r M ag n e t
M ag n e t Hall E ffect S e n so r

South p o le;

OUT = low fVosoo) 
UA package

Figure 4.7: Hall Effect sensor with m agnet

4.5.9 Piezoelectric Buzzers

Piezoelectric buzzers are  used to  alert any unacceptable changes in behaviour. It consists of two pins. 

The pins are  connected  to  RB2 of PORT B and ground of th e  microcontroller.
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4 .5 .10 Liquid Crystal Display (LCD)

A 16 x 2 backlight liquid crystal display (LCD) is th e  type o f  LCD th a t  w e used for this thesis. 

The LCD can display letters, num bers, and a few  symbols. All cha rac te r  and le tter  fonts are  

developed into th e  hardw are of th e  LCD device. The LCD is connected  to  a 5V pow er supply; th e  ground; and 

RBO, RBI, and RB4 of PORT B. The goal o f  th e  LCD is to  display th e  d a ta  results locally.

4.5.11 XBee M odule Communication Protocol

The XBee module com m unicates with o th e r  devices th rough Universal Asynchronous Receiver and Transm itter  

(UART) protocol. The UART communication pins of th e  XBee m odule are connected  directly to  th e  

microcontroller 's UART, as illustrated in Figure 4.8. The XBee m odule  needs  tw o  wires, one  for transm itting  th e  

data  and th e  o th e r  for receiving th e  data . In our case, th e se  tw o wires a re  directly a t tached  to  RC6 and  RC7 of 

PORT C of th e  microcontroller to  establish com m unication with o th e r  devices. For serial data ,  data  en te rs  th e  

module UART through th e  DIN (pin 3) and exits th e  module UART th rough  th e  DOUT (pin 2) as an asynchronous 

serial signal.

CMOS Logic (2£ ■ 1.4V) CMOS Logic (2.1 - 34V)

D N  :c*ta r;

crs C"S

DCU' idat* att:O J *  'data n--i

RTS RTS

XBee
Module

XBee
Module

Figure 4.8: System data  flow diagram in a UART-interfaced env ironm ent14

14 Source Digi International: h ttp : // f tp l .d ig i .co m /su p p o r t /d o cu m en ta t io n /9 0 0 0 Q 8 6 6  C.pdf

http://ftpl.digi.com/support/documentation/9000Q866
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4.5.12 XBee Module Pins

Table 4.3 shows pin assignm ents for th e  XBee and XBee-Pro m odules  with brief descriptions of all 20 pins in th e  

modules; however, th e  pin num bers  of significance for th e  study a re  th e  following five pins: pin 1, pin 2, pin 3, 

pin 5, and  pin 10.

Pin Name Direction Description
I VCC - Power supply
2 DOUT Output UART data out
3 DIN CONFIG Input UART data in
4 DOS Output Digital output 8
5 RESET Input M odule reset (at least 200nS)
6 PWMO RSSI Output PWM output 0 RX signal strength indicator
n PWM1 Output PWM output 1
8 (reserved) Do not connect
9 DTR SLEEP_RQ DI8 Input Pin sleep control line or digital input 8
10 GND - Ground
11 AD4 D I0 4 Either Analog input 4 or digital 1 O 4
12 CTS DIO? Either Clear to send flow control or digital I Q 7
13 ON SLEEP Output M odule status indicator
14 VREF Input Voltage reference for A D  inputs
15 Associate ADS DIOS Either Associated indicator, analog input 5 or digital I/O 5
16 RTS AD6 D I0 6 Either RTS flow control, analog input 6 or digital 1 O 6
17 AD3 D I03 Either Analog input 3 or digital 1 O 3
18 AD2 , D I0 2 Either Analog input 2 or digital 1 O 2
19 ADI DIO 1 Either Analog input 1 or digital l ’O 1
20 ADO DIOO Either Analog input 0  or digital 1 O 0

Table 4.3: Pin assignm ent for th e  XBee and XBee PRO modules [61]

• Pin num ber 1, Vcc, is a power-supply pin; its practical use is to  provide the XBee m odule  with th e  pow er 

it needs  to  transm it or receive data

• Pin num ber 2, DOut, is a pin for "UART Data Out"; its purpose  in th e  design o f  th e  m odule  is t o  t ransm it  

da ta  to  th e  receiver

•  Pin num ber 3, Din, is a pin for "UART Data In"; its task  is to  receive da ta
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• Pin num ber 5 is an XBee reset pin

• Pin num ber 10, GND, is ground pin

4.5.13 R em ote  Sta tion Experimental P ro to type

The overall system in terconnections are  illustrated in Figure 4.9.

LM8705 10Kn
•-------  IN OUT  •

GND u.a.r-.

Tem perature Sensor 

Humidity Sensor 

Light Sensor 

Ultrasonic Sensor
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20MHz GND

o.
INI
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<SI ___(SI '---►

M agnetic Sensor
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-> 1 4
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T—I
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to

u

27

26
m

25 Buzzer

24 30

23

22 T3

21  <■

<JJ CQ
X

18
LM8733

17 < - OUT
GND

PIR(motion) sensor

Figure 4.9: Pin details of PIC 16F876 with system com ponen ts
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Figure 4.10 is th e  actual p ro to type for the  rem o te  station we designed fo r the study. The rem o te  s tation is 

equipped  with its own 5V regulated pow er supply, which can supply up to  1A of load. The pow er supply to th e  

rem ote  system is given through 9V regulated DC wall-power a d a p te r  or 9V battery  clip.

Buzzer

Photocell
PIC 16F876

Sensor

Ultrasonic
Sensor

XBee Module

Temperature
Sensor

Infrared Sensor

Humidity Sensor

Figure 4.10: Remote station including sensors, LCD, microcontroller, buzzer, and XBee m odule

4.5 .14 The main experim ental prototype com ponents

The main experimental p rototype com ponen ts  include:

• On board 5V regulated supply;

• Microcontroller PIC 16F876;

• A 16 x 2 backlight liquid crystal display (LCD);

• XBee modules;
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•  TMP36 tem p e ra tu re  sensor;

• C H S -se r ie s  humidity sensor;

• PDV -  P8001 photocell sensor (light sensor);

• US5881LUA hall effect sensor;

• #555 -28027 Infrared (IR) sensor;

• Buzzer;

• 20 MHz oscillator;

• Capacitors;

• Resistors; and

• LED indicators.

4 .6  Softw are

4.6.1 Introduction

The purpose  of this subsection is to  provide information on Proton IDE, PICKit2, X-CTU, and  MATLAB, th e  

softw are utilized for this thesis. The softw are w ere  utilized for writing code, compiling and  program m ing th e  

microcontrollers, displaying collected data  on th e  PC screen, and analyzing th e  data. The section is divided into 

four subsections. Section 4.6.2 provides s te p -b y - s te p  information on writing and compiling code. Section 4.6.3 

provides information on th e  PICKit2 software used to  load program ming code  into th e  microcontroller. Section

4.6.4 provides information on th e  program m er board  used to  load proton IDE onto  th e  microcontroller. Section

4.6.5 provides information on th e  X-CTU window. This w indow  is used to  display ou r  collected da ta  on  th e  PC 

screen. Finally, section 4.6.6 provides information on MATLAB. MATLAB w as used to  analyze o u r  collected da ta .
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Table 4.4 below illustrates a brief description of th ese  softw are packages.

Software Feature
Version Objective Manufacturer

X-CTU -- Program XBee m odule and 
collect data.

Digi International

Proton IDE Version 3.1 Compile th e  program code. Labcenter Electronics
PICKit2 Version

2.61
Download proton softw are  

into microcontroller PIC 
16F876.

Microchip

Matlab 2007a Analyse collected da ta . The M athW orks
Table 4.4: List of software used for th e  research

4.6.2 Proton IDE: Compiler

There are several m ethods  of writing program ming code on to  a PIC microcontroller. These 

m ethods  can be done through programming languages such as BASIC, C, or Assembly Language. In 

our study, we chose Proton Basic Integration Development Environment (IDE) because  of its fea tu res  and 

integration option. The Proton (IDE) is a very popular program ming language for microcontrollers. Proton IDE is 

developed and distributed by Crownhill Associates LTD. The program ming language w as c rea ted  as a result of 

collaboration am ong th ree  British companies, Crownhill Associates, Mecanique, and Labcenter Electronics. The 

com m on goal was to  develop a best b reed of product th a t  could:

• Provide an affordable, comfortable, and powerful deve lopm en t environm ent for th e  m ost popular 

microcontrollers: th e  Microchip PIC® MCU;

• Suit all levels of users from outright beginner to  professionals;

• Allow for the  developm ent of programming code in a s ta te -o f-the-a rt  developm ent environm ent;  and



79

• Compile th e  program code and view th e  resulting assembly language com m ented  with th e  program 

code.

After installing th e  Proton (IDE) software, th e  window shown in Figures 4.11 and 4.12 was used to  write and  

compile our programming code and save it on to  th e  PC hard drive so that it could be loaded into th e  

microcontroller via software called PICKit2.

$  Proton IDE - Untitled.bas ■*

I j |

o  ’  I %  ^
Fie E d t View Help

□  i '
ts2  M  Untitled

Code Explorer

+ O  16F84 
: *> Indudes 

^  Dedares 

^  Constants 

Variables
Alias and Modifiers 
Labels 

. ^  M aaos 
^  Data Labels

-  □  Untitled

***********
* Nacre
* Author
* Notice
*

* D a t e
* V'ersi or.
* Notes

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

U N T I T L E V . BAS
fse lec t V I E W . . . E D I T O R  C P T I C N S )
C o p y r i g h t  ( c )  2 0 1 0  [se lec t VI EW.  . . E D I T OR  CPU 
A l l  Bights Reserved
2 9 / 1 2 / 2 0 1 0  
1. 0

* * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Figure 4.11: Proton IDE
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Proton IDE - Untitled.bas

l } , *  I J l  

^  O ”■ I %> %  %  %
Be Edit ^ J  help _

: ®  Code Explorer..

Loader...
Code Expfo-

Loader O ptions...
♦ O  16f=

^  Ind- Compte and Program Options..

Dec ^ E d i t o r  O ptions...

COr ToobarsO  Vari
)  Alia:

' - 3  l a b  £  O nSneU pdates... 
i.-^ Macros - ........ .... .........

\. ~*i D ataLabeb

U N T I T L E D . 3 A S  *
[ s e l e c t  V I E W . . .  E D I T O R  O P T I O N S }  *

C o p y r i g h t  ( c )  2 0 1 0  [ s e l e c t  V I E W . . .  E D I T O R  O P T I O N S  J +
&Z  7 B ^ T h l - c  J ? »  «c i*» *■

ASCII Table...

sl'C .>r. . .

IDE Serial Convnuricator.. F4

Mecarique

Plugin Editor.. 

Programs

Q  Mecanique Homepage

Proton Support

Crownhi Homepage 

Labcenter Electronics Homepage

Figure 4.12: Proton IDE with fea tu res

4.6.3 PICKit2: Program m ing M icrocontroller

After all of the  logical errors w ere  resolved, th e  program m able tool PICKit2 (shown in Figure 4.13) was used to  

download the  proton IDE programming code into th e  microcontroller. The hex file was loaded into th e  

microcontroller via the  microcontroller program m er hardw are  as shown in Figure 4.13, Figure 4.14, and Figure 

4.15.
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Im p o r t  H e x  Tib?

lo o k jr t  ,_ J tC D _ n iE

My R ecant 
Document*

0
Desktop

My Documents

&
My Computer

3$ API. HEX 
2§CXCTU_T£ST.t€X 
JtOATA.COL LECTIO,HEX 

FINAL _COPY_TEST.HEX 
3 |  <3tAHAM_C0DE HEX 
3|lR_LED.HEX 
j|LCD_BOARD.HEX 
^LCD.TEST.HEX

MOUSER_0OARD.HEX 
jljPAKS.COOE.HEX 
rijPIN_5_POftTC.HEX 
^  RECEIVER_5ERIAL.CCM.HEX 

^SERIAL.COM.HEX 
^  SERIAL _COM_SEND.HEX 

TEMP. HEX

Fie name: 

My Network F ies d  iype.

v ^  t  • ra
ilTEMP_TEST.HEX 
23} TEST .MICROCONTROLLER! HEX 
s |  THESIS _COOE.HEX 

2£tRAN5_TEST.HEX 
pjXBEE.TEXT.HEX 
EjxTU.TEST.HEX

Q pen

Figure 4.13: HEX file to  be loaded into PICKit2

P IC k it  2 P r o g r a m m e r  O lH o ss

Midrange/Standard Configuration 

Device FIC18F876A

User IDs. F FFFFFFF

Checksum: 7F45

Confiquiation 2F02

^ M icrochvi

a  V D 0P IC M 2
□  On

□ /waR

0  Enabled Hen Only v  S o w c a :  C : 'd £ D J rll£\MOUSER_BOARD.HEX

6.0 ;

0000 0000 3004 008* 2C20 3080 00*1 30FE 20E7
0008 3001 20E7 3075 OOB2 3030 2964 01*1 17*1
0010 OOBE 30FE 20E7 0831 28E7 OOCF 1FC1 281*
0018 302D 20E7 01A9 01** 01AB 01AC 17C1 306*
0020 07C0 1003 0CC1 0CC2 0CC3 0C*C OCAB DC**
0028 0CA9 orco 2821 0843 0240 07C3 02C0 0842
0030 0241 07C2 02C1 01*5 206D 302E 20E7 01C0
0038 1003 0D29 OOC3 0D2A 00C2 0D2B 00C1 QD2C
0040 OOCO ODDO 1003 0DC3 0DC2 0DC1 ODCO ODCO
0048 0829 07C3 082* 1803 0F2A 07C2 082B 1803
0050 0F2B 07C1 082C 1803 0F2C 07CO 1803 OFDO
0058 1003 0DC3 0DC2 0DC1 ODCO ODDO 0850 3E30

EEPROM Data
0  Enabled He* Only

Auto Import Hex 
♦ W rite D evice

00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
10 FT FF FT FT FF FF FF FF FF FF FF rr FF FT FF FF
20 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF PICkit' 2

Figure 4.14: PICKit2 is used to  load the  hex file into th e  microcontroller via microcontroller program m er

hardw are
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PICkit 2 P ro g ra m m e r  O lH oss f j j j  [Sc|

no iwnriHr riu^Mntr ioob wp nô>
Midrange/Standard Configuiation

Device: PIC1GF876A Confioufatiori: 2F02

User IDs: FFFFFFFF

Checksum: 7F45

Exited A uto-lm port-W rite m ode.

 ..............................   VDD PlCk* 2

| Read | [ Write | [ V erity ] | Erase ] [ Blank Check ] Q  /MCLR

Program Memory
0  Enabled HexOnfc v  S ource: C:\tCD_FILE\MOUSER_BOARD.HEX

0000 0000 3004 008A 2C20 3080 00A1 30 FE 20E7 A
0008 3001 20E7 3075 00B2 3030 2964 01A1 17A1
0010 00BE 3GFE 20E7 083E 28E7 00CF 1FC1 281A
0018 302D 20E7 0IA9 01AA 01AB 01AC 17C1 306A
0020 07CO 1003 0CC1 0CC2 0CC3 0CAC 0CAB OCAA
0028 0CA9 orco 2821 0843 0240 07C3 02C0 0842
0030 0241 07C2 02C1 01A5 206D 302E 20E7 01D0
0038 1003 0D29 00C3 0D2A 00C2 0D2B OOC1 0D2C
0040 ooco ODDO 1003 0DC3 0DC2 0DC1 0DC0 ODDO
0048 0829 07C3 082A 1803 0F2A 07C2 08 2B 1803
0050 0F2B 07C1 082C 1803 0F2C 07C0 1803 OFDO
0058 1003 0DC3 0DC2 0DC1 0DC0 ODDO 0850 3E30 v

Auto Import Hex 
♦ Write Device

Read Device + 
Export Hex FUe

PICkit' 2

Figure 4.15: PICKit2 is used to  load the  hex file into th e  microcontroller via microcontroller p rogram m er

hardw are

4.6.4 UK1300 USB PIC P rogram m er

The UK1300 USB PIC Program m er shown in Figure 4.14 is th e  type  of a p rogram m er w e used to  dow nload

proton IDE program into th e  microcontroller. The p rogram m er board  includes ZIF15 (zero-force-insertion)

15 ZIF is an acronym for zero insertion force, a con cept used  in th e  design o f  1C sockets ,  invented to  avoid p rob lem s caused

by applying force upon insertion and extraction.

EEPHOM Data
0  Enabled Hex Only v

00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF *
10 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
20 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF v

M ic r o c h ip
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ad ap te r  sockets. The socket board allowed us to  remove and  insert th e  PIC 16F876 easily and quickly. The 

p rogram m er w as selected for th e  thesis because  it:

• Supports practically all cu rren t pic microcontroller, 8 to  40 PIC pins;

• Does not require a pow er supply. Power is supplied directly from th e  USB Port;

• Is 100% compatible with PICKit 2 interfaces; and

• Saves a considerable am oun t of tim e and pro tec ts  microcontroller pins from dam age.

U SB  port

Power LED  

Target pow er LED  

Busy LED

28 to 40  pin PIC

ICSP

ICD2 Port
8 to 20  pin PIC

Figure 4.16: UK1300 -  USB PIC Program m er for program ming microcontroller

Programm er UK1300-USB PIC Program m er

Support 8 to  40 PIC pins

M anufacturer Cana-Kit Corporation

Table 4.5: U K 1300- USB PIC Program m er
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The device was connected  to  th e  com pute r  to  program our microcontroller, as shown in Figure 4.15.

Figure 4.17: USB PIC Program m er connected  to  co m p u te r  to  program microcontroller

4.6.5 X -C T U

X-CTU is a Windows-based application for XBee softw are for configuration and te s t  utility. The 

software is provided by Digi and designed to  in teract with th e  firmware files found on Digi's RF 

products  and to  provide a simple-to-use graphical user interface [62]. W e used th e  softw are  to  

configure the  XBee radio and also to  collect the  data  to  be analysed. Figure 4.16 depicts X-CTU window. The 

"Terminal" tab  is w here  collected data  is displayed. "Select Com Port" is w h e re  the  information on  th e  type of 

XBee module connected to  th e  Com Port is displayed. There is no XBee m odule connected  in th e  Figure 4.16 to  

be displayed into the  Com port. The "M odern  Configuration" bu tton  is w h e re  the  XBee module is configured. 

Firmware needs to  be loaded to  all ZigBee modules to  form th e  network. X-CTU softw are  is used configured 

ZigBee modules. X-CTU softw are program and installation instruction are  available a t 

h t tp :/ / f tp l .d ig i .com /support/docum enta tion /90001003_A .pdf. In addition to  X-CTU software, th e  appropria te  

driver for the XBee ad a p te r  board is also available a t h t tp :/ /w w w .d ig i.com /support /p roductdeta il?pid=3352.

http://ftpl.digi.com/support/documentation/90001003_A.pdf
http://www.digi.com/support/productdetail?pid=3352
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Here are th e  basic steps th a t  m ust be followed to  load firmware properly into the  ZigBee m odule.

• Download and install th e  X-CTU software, and make su re  th e  right version of th e  X-CTU softw are  is

installed.

• Connect th e  XBee board to  co m p u te r  Com Port via th e  USB adap te r .  This p rocedure  will p rom pt th e  

connected  Com Port to  ap p ea r  on th e  X-CTU screen.

• Click th e  "New version" button  to  dow nload  th e  new version of th e  X-CTU software.

• After th e  new  version is installed, click "Configure tab ."  This will load settings for th e  install m odule. In

"Function Set" select th e  type of m odern  from th e  list.

• Once th e  firmware update  is com pleted , click on th e  "Read" button  to  change a few param ete rs .

To set ZigBee device as "Coordinator," th e  following pa ram ete rs  need to  be changed:

•  PAN ID = 234 (actual any PAIN ID nu m b er  b e tw een  0x0 and  OxFFFFFFFFFFFFFFFF)

•  Destination Address Low = FFFF

•  Node Identifier = COORDINATOR

•  Packetization Timeout = 25

• The coordinator was program m ed as a coord ina tor to  synchronize t h e  com m unication netw orks so th a t  

all of th e  wireless m essages received by th e  an ten n a  w ere  echoed  through  th e  USB port  to  th e  

com puter.

To set ZigBee device as "router,"  th e  following pa ram ete rs  n eed  to  be changed:

•  PAN ID = 234 (PAIN ID selected  should be th e  sam e  as in Coordinator)

•  Destination Address Low = FFFF

•  Node Identifier = R1 ...Rn
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•  Packetization Timeout = 25

»  X-CTU ~ t e a g j

About
PCSettngs | Range Test | Terminal | Modem Configuration |

Com Port Setup —  ------------------------
Select Com Port

Baud |9600 d

Flow Control | none d

Data Bits 1® d

Parity | none d

Stop Bits h d

Test / Query

Host Setie | User Com Ports | Network Interface |

- API-----------  -  - —  - Reponse.Timeout...................... -
r  Enable API i------- r r r r -

. Timeout | 1000

AT command Setup
ASCII Hex

Command Character (IX) F F  

Guard Time Before (BT) | i°00

Modem Flash Update 
r  No baud change

Figure 4.18: X-CTU Windows graphical user interface (GUI) for configuration and  testing

X-CTU is designed to  o p e ra te  strictly for the  Windows platform. W indows 98, 2000, ME, XP, and W indows 7 are 

versions of Windows th a t  are compatible with X-CTU. Window 95, NT, UNIX, or Linux are  no t com patib le  with X- 

CTU. However, th e re  is o th e r  software tha t  can be used for th e  following operating systems, such as Coolterm, 

HyperTerminal, TeraTerm, Zterm, or Screen.
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• CoolTerm: Is an o pen  source serial terminal program c rea ted  by Roger M eier16 th a t  runs well on bo th  

Windows and Macintosh.

• HyperTerminal: Is a serial term inal program th a t  can be  found in W indows XP and  o th e r  o lder versions 

o f Windows operating  systems.

• Tera Term: Is a free  open  source  window th a t  has m any functions, including a serial com m unication 

terminal.

• Zterm: Is a Macintosh serial terminal program.

• Screen: Is suitable for UNIX and Macintosh serial term inal programs.

16 Roger Meier is a person w ho began writing his own program as a hobby when h e could not find any d ecen t firewall or 

shareware for certain tasks he wanted to  use on a com puter.
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CHAPTER 5 

TESTING AND RESULT 

5.1 Introduction

This chap te r  is organized into th re e  sections: Section 5.1 provides an  introduction to  th e  chap te r .  Section 5.2 

presents  information on th e  tes ting  of th e  p ro to type system a t  different locations. Finally, section 5.3 focuses on 

th e  results o f  collected data  in th e  pro to type apartm ent.

5.2 Testing th e Prototype system  at Different Locations

This section explains th e  tes ting  process of th e  indoor and o u td o o r  range o f  the p ro to type  system , which was 

done  to  de term ine  th e  accuracy and functionality o f  th e  system  indifferent environm ents. Appendix E provides 

information related to  th e  testing  of each  sensor for their functionality prior to  their usage for th e  research.

The section is divided into five subsections: section 5.2.1 provides a brief description of th e  Portable  Radio 

Communication Lab. Section 5.2.2 discusses th e  indoor tes ting  of th e  system. Section 5.2.3 reflects on th e  da ta  

collected a t  th e  Portable Radio Communication Lab (4050MC). Section 5.2.4 focuses on th e  o u td o o r  testing of 

t h e  system for accuracy and functionality in different environm ent.  Finally, section 5.2.5 focuses on th e  

comparison of th e  ou tside collected w e a th e r  data  of  th e  p ro to ty p e  system  to  an O ttaw a w e a th e r  repo rt  from  

Google and Yahoo websites
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5.2.1 Laboratory Portable Radio Communication

The experim ent was conducted  a t  th e  Portable Radio Communication Lab (4050MC) in th e  Minto Building. The 

Lab is located on the  4th floor o f  th e  Minto Building, 4050 MC. The lab is ab o u t  40 fe e t  by 40 fee t  and equ ipped  

with all of th e  necessary tools for the  research.

5.2.2 Indoor Test Case

Test purpose: To te s t  th e  range of the  p ro to type system. The field testing  for the range of th e  p ro to type  system 

was tes ted  a t different locations of th e  Minto Building (MC), both inside and  outside of th e  building. Figure 5.1 

illustrates indoor testing range of th e  system a t  different locations o f  th e  4 th floor of th e  MC Building.
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Hallway RX Location 1 RX Location 2 RX Location 3

RX Location 6

Transmitter RX Location 4 RX Location 5

Room 4038 MCRoom 4050 MC Room 4032 MC

Figure 5.1: Prototype system testing locations at 4 th floor o f  th e  Minto Building

Expected result: The pro to type system was expected  to  transm it data  every tw o  seconds within th e  XBee 

t ransm it te r  range. W e also anticipated th a t  fading, reflection, o r  interference w ould  d eg rad e  th e  indoor 

perform ance of th e  pro to type system. W e also expected t h e  th ro u g h p u t  would decrease  considerably w hen  th e  

d istance be tw een  th e  tran sm it te r  and receiver reached a particular distance.

Test procedure: The transm it te r  (base) and receiver (rem ote) w e re  se t  a t  distances of 10-100 fee t  from  each  

other. The base station was positioned at different locations to  t e s t  th e  range of th e  p ro to type  systems, as 

shown in Figure 5.1. The station was th en  moved fu r ther and  fu r ther  away from  th e  t ran sm it te r  s tation  until w e 

reached a t a distance th a t  could no longer receive any da ta .  The m aximum distance a t  which XBee Series 1 can 

transm it data is 100 fee t  and th e  maximum distance a t  which XBee Series 2 can transm it da ta  is 133 feet.  As w e 

w ere  approaching this maximum distance, th e  th roughpu t began to  fail.
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Tested result: The results we obtained  w ere  as we had anticipated. As soon th e  XBee Series 2 w as positioned at 

distance of th e  base station at location 3 and th e  XBee Series 1 was positioned at d istance of th e  base station a t  

location 5 (as illustrated in Figure 5.1), th e  pro to type system  perfo rm ance  degraded. Theoretical range as 

indicated by th e  product m anufactu rer  data  sh ee t  for the  XBee Series 1 is 100 feet and 133 fee t  for XBee Series 

2; however, our experimental result showed th a t  w hen th e  distance b e tw een  tran sm it te r  and receiver range 

w as 80 feet for XBee Series 1 and 100 fee t  for XBee Series 2 th e  perfo rm ance  of th e  p ro to type  system dropped  

dramatically, as illustrated in Figure 5.2.

Xbee series
1 2 0 :- . . . . . . .

Xbee 1 
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100 - 

8 0 -  
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20  -
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0 20 40 60  80 100 120 140
Distance(feet)

Figure 5.2: Range of XBee Series on 4 th  floor of th e  Minto Building
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5.2.3 Collected Data a t  th e  P ortab le  Radio Com m unica tion  Lab

The collected data  a t th e  Portable Radio Communication Lab 4050  MC consists o f th e  room  tem p e ra tu re ,  

ultrasound distance, light, and humidity. The collected da ta  a t  th e  Portable  Radio Communication Lab is show n 

in Figure 5.3.

•  Light: 4.154 w as indicated as th e  level o f  light in th e  room  a t  th e  t im e  (2:00 PM). The d a ta  was collected

using th e  light sensor. A value of 5 is th e  maximum level o f  brightness to which th e  light can be  tu rned

on and  0 is th e  minimum value of darkness w hen th e  light is tu rned  off.

•  T em pera tu re :  24.780 w as th e  te m p e ra tu re  of th e  lab in Celsius.

•  U ltrasound: 63.837 w as th e  d istance from th e  w orkbench  of th e  research to  th e  ceiling of th e  lab in 

inches.

•  Humidity: 29.325% was th e  humidity of th e  lab a t  t im e  th a t  th e  d a ta  was obta ined  as d e te rm in e d  by th e  

humidity sensor.
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Figure 5.3: 4050 MC laboratory collected data

5.2.4 O u tdoor Test Case

Test purpose: The purpose  of th e  o u td o o r  te s t  was to  d e te rm in e  th e  accuracy and functionality of th e  system in 

different environments.

Expected result: The device w as expected  to  transm it da ta  every tw o  seconds and o p e ra te  a t  any condition.

Test procedure :  The transm itte r  station was placed outside of th e  Minto Building a t  below zero tem p era tu re s  

for 20-30 m inutes to  transm it data  within th e  system transmission range to  the receiver station. The receiver 

station was placed inside the  Minto Building a t  a distance of abou t  30 feet  from the transm it te r .
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Tested  result: The result we received was as we had anticipated . This result is show n in Figure 5.4, which 

consists o f  outside tem p e ra tu re  and humidity values a t  th e  particular time of day th a t  th e  d a ta  was ga thered
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Figure 5.4: Outside tem p e ra tu re  and humidity results

•  T em p era tu re  sensor: - 6.011 w as th e  outside tem p e ra tu re  in Celsius.

•  Humidity sensor:  48.875% w as the  outside relative humidity.

5.2.5 O ttaw a  W e a th e r  Report

The collected data  in Figure 5.4 w ere  com pared  with th e  w e a th e r  report o f  the city ob ta ined  from Google and 

Yahoo sites in Figure 5.5 to  de term ine  th e  accuracy and  functionality of th e  prototype system. Based on th e
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results, we conclude th a t  our results in Figure 5.4 are very close to  th e  results in Figure 5.5. A com parison  of th e  

results is shown in Table 5.1.

Weather for Ottawa, ON Add to Googi

*7 °c  I ' F F"
Current Partly Cloudy
Wind: S at 21 km/h • W  
Humidity: 51%

S a t Sun
From Google

-8°C| - i r C  - 6 ' C  |  - 11 ° C  - 3 ° C  |  - 6 ’ C  - 2 * C | - 7 * C

*C » RacordB and Avaragee
SSW 20.18 kadh a Oat Yahoo1 Wiaaiir on yowr d

B ro ad cast
T e m p e ra tu re

B ro ad c ast
H um idity

From Yahoo

O Seaay
H«̂ i S '  Lew .it* 
PsrtfyOotttfy

S '  Lew -it* 
Snw  Showers
Hen -3* Lew S '
Few Seow Showers
Hen -2* Lew -r  
U9M Snow 
Heft -S* LOW -13’

Figure 5.5: O ttawa w e a th e r  report  from Google and Yahoo w ebsites

Type Research Result Google Yahoo

T em pera tu re  (°C) -6.011 -7 -7

Humidity (%) 48.875 51 51

Table 5.1: Comparison of our research values with Google and yahoo  w ebsites w e a th e r  report

5.3 Prototype Apartment Results

5.3.1 Introduction
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The purpose  of this section is to  analyze ou r  collected da ta  from  the  different locations of th e  p ro to type  

ap a r tm en t  and various appliances in th e  apa rtm en t.  The main goal of th e  section is to  potentially identify an 

a sso r tm en t of various Activities of daily living (ADL) such th a t  a u ser  can be alerted  of any u n accep tab le  change 

in behaviour of  th e  occupant in th e  apartm ent.

The section is organized into seven subsections. Section 5.4.1 is t h e  introduction; section 5.4.2 provides brief 

information on th e  data  collection. Section 5.4.3 provides brief discuss on the  locations in th e  p ro to type  

ap a r tm en t  of th e  collected data .  Section 5.4.3 discusses th e  d a ta  analysis. Section 5.4.3 de libera tes  on th e  

results o f  th e  data  collected in th e  ba throom . Section 5.4.4 discusses th e  results o f  th e  kitchen collected data .  

Section 5.4.5 reflects on results of th e  refrigerator collected data. Section 5.4.6 deliberates on th e  results o f  th e  

living room collected data, and  finally section 5.4.7 describes th e  results for th e  balcony collected da ta .  Section

5.4.8 discusses th e  Activities of daily living and th e  actual d a ta  in terp re ta t ions  of even ts  o f  th e s e  th e  activities of 

daily living.

5.3.2 Data Collection

The data  collection occurred through a laptop co m p u te r  and som etim es  through a desk top  com puter .  The 

collection of th e  data  can be divided into tw o parts: hardw are  and software.

•  Hardw are: The hardw are  consisted of a rem ote  s tation  and  th e  base  station, as show n in Figure 5.6.

•  R em ote  s ta tion : The rem o te  station consisted o f  th r e e  m ajor com ponents: six non-invasive sensors,

LCDs to  display data  locally, and an XBee module to  transm it data  to  th e  base s tation  wirelessly. In ou r  

case, since line pow er w as available w h ere  th e  re m o te  s ta tion  was placed in th e  ap a r tm en t ,  th e  rem o te
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station w as plugged into electrical ou tlets  via a DC a d a p te r  (wall wart), as shown in Figure 5.7. Even 

though th e  station was not portable in this situation, da ta  transm ission still occurred in a wireless 

m anner.

R e m o t e  S t a t i o n  B a s e  S t a t i o n

Figure 5.6: The system hardw are consisted of a rem o te  station and a base station

Figure 5.7: The rem ote  station connected  to th e  electrical ou tle t



Base station: The base station consisted of a coord ina tor co n n ec ted  to  a desk top  co m p u te r  o r  laptop. 

The coordinator was connected  to  a com pute r  th rough  a USB connector. The coo rd ina to r  collected d a ta  

from  th e  rem o te  station and relayed it to  th e  co m p u te r  w h e re  th e  data w e re  s to red .  The sensors d a ta  

fusion w ere  recorded  according to  changes in even ts  (such as  active o r  inactive), physical characteristics, 

m oisture co n ten t  o f th e  environm ent,  o r  speed  or vec to r o f  an  object or objects in th e  field of view. 

Sensors: The following six non-invasive sensors w e re  used t o  collect data  for analyses: 

o Infrared Sensor

■ To ta rg e t  mobility of  hum ans in specific a p a r tm e n t  areas, such as kitchen, w ashroom , 

living, and  bedroom .

o Light Sensor

■ To d e tec t  th e  switching on /o ff  o f  lights.

* To d e tec t  lightness and darkness.

■ To de term ine  use  of appliances, such as th e  refrigerator, 

o Temperature Sensor

■ To m easure  am bien t tem p era tu re .

■ To d e tec t  use of th e  sh o w er and toilet.

■ To d e tec t  use o f  th e  electrical appliances, 

o HumiditySensor

■ To m easu re  am bien t humidity.

■ To d e tec t  use o f  th e  sh o w er and toilet.

■ To d e tec t  use o f  th e  electrical appliances.
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o Magnetic Sensor

* To identify the  opening and closing o f  doors.

■ To identify use of major appliances, such as th e  refrigerator, 

o Ultrasound

■ To m easu re  the  distance be tw een  objects.

5.3.3 Data Collection Locations

This section focuses on th e  results of th e  data  collected a t  th e  following locations of th e  p ro to type apa rtm en t:  

kitchen, living room, w ashroom , and balcony, as shown in Figure 5.8. The data  for th e  ap a r tm e n t  appliances, 

such as th e  fridge and stove, w ere  also collected and analysed.

Tx location 2 

W ashroom

Storage

Bed room

Balcony

r

Tx location 1 

1 Kitchen

Tx location 3 

Rx location

\

Living room

Tx location 4

Refrigerator

Cooker

TV

B athtub

Toilet

Sink

Couch

Chair

Phone

Figure 5.8: The p ro to type  ap a rtm en t
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Table 5.3 shows th e  types of sensors  used to  collect da ta  a t  d iffe ren t locations in th e  p ro to type  ap a r tm en t .

Locations Sensor M onitoring
Bathroom

therm isto r,  humidity, 
Photocell, PIR motion

tem p e ra tu re ,  humidity, light, ba th room  m otion

Kitchen te m p e ra tu re ,  humidity, light, kitchen motion

Living room t e m p e ra tu re ,  humidity, light, living room  m otion
Refrigerator therm istor,  humidity, 

Photocell, hall effect
tem p e ra tu re ,  humidity, light, refrigerator door

Balcony therm istor,  humidity, 
Photocell

te m p e ra tu re ,  humidity, light

Table 5.2: Location and sensor used to  collect data  in th e  ap a r tm en t

5.3 .4  Data Analysis

This subsection discusses th e  detec tion  of events  from  different sensors.  Each ev en t  w as given a symbol to  

identify it, as shown in Table 5.3. The goal o f this subsection is to  investigate events th a t  occurred  as a result of 

changes in th e  environm ent. The purpose  of this subsection is to  analyze our  collected da ta  o f  even ts  of daily 

living o f  an occupant in th e  different locations of th e  p ro to type  ap a r tm e n t  th a t  pertain to  th e  usage o f  various 

appliances in th e  apartm en t.  The analysis part is d one  using MATLAB. Figures 5.9, 5.11, 5.13, 5.15, and 5.17 

illustrate th e  results of th e  data  analysis. Table 5.3 illustrates th e  transition s ta tes  of  th e  sensors.

Sensors Transition sta te Actions

Motion O n -O f f A

O ff -O n B

Light O n - O f f C

O ff -O n D

T em pera tu re Rise - Fall E
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Fall - Rise F

Humidity Rise - Fall G

Fall - Rise H

Magnetic O n -O f f 1

O ff -O n J

Table 5.3: Transition s ta te s  o f  sensors

5.3.5 B athroom  Results

T est  purpose : The purpose  of this section is to  collect d a ta  ab o u t  th e  changing events  in th e  b a th room .

Expected result: The result was expected  to  indicate th a t  t e m p e ra tu re  and humidity sensors  d e tec ted  an 

increase in tem p e ra tu re  and  humidity in th e  w ash room  w hen  th e  ba th tub  w as filling with h o t  w ater .  

Furtherm ore, we expected  m otion  sensor to  d e tec t  hum an  m otion in th e  w ashroom  while t h e  o ccupan t  w as in 

th e  washroom  filling th e  b a th tu b  with th e  hot water.

Test procedure :  The rem ote  s tation  w as placed in th e  b a th ro o m  to  transm it  data every tw o  seconds.

T es ted  result: The results w e  received w ere  as w e had expected .

Figure 5.9 illustrates th e  real-time monitoring of th e  physical activities of a user inside a bath room .

•  Before th e  user took  a shower, Figure 5.9 indicates that:

❖ The tem p e ra tu re  sensor d e tec ted  th a t  th e  te m p e ra tu re  was a t  room  te m p e ra tu re  of 

approximately 23.8 degrees Celsius.

❖ The humidity senso r  de tec ted  th a t  th e  humidity reading was low; it w as a t  approxim ately  

28% relative humidity a t 23.8 degrees  Celsius.



❖ The light sensor sp o tted  no indication th a t  th e  light w as tu rned  on (event ('D')) and no 

hum an motion (event ('B')) o r  activities in th e  ba th ro o m  prior to  th e  user taking a show er 

w ere  identified by th e  motion sensor.
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Figure 5.9: Graph of th e  da ta  collected in the  bathroom  

However, during th e  show er (as shown in th e  Figure 5.9), the  prototype system  te m p e ra tu re  and 

humidity readings in th e  washroom  indicated that:

❖ The tem p era tu re  sensor de tec ted  an increase in th e  washroom te m p e ra tu re  to  25.4 degrees

Celsius (event ('E')).
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❖  The humidity sensor  noticed th e  humidity increased to  approxim ately 88% o f  relative 

humidity a t 25.4 degrees  Celsius (event ('G')).

❖ The m otion sensor also show ed th a t  th e re  was an indication of h um an  m otion  (event ('B')) 

in th e  bath room  during th e  show er period.

❖  The light sensor indicated th a t  th e  ba th room  light w as tu rned  on (event ('C')) during th e  

show er period.

•  A few m inutes af te r  th e  user left th e  w ashroom , th e  te m p e ra tu re  and humidity senso rs  show ed th e  

tem p e ra tu re  and humidity d ropped  to  its original level before  th e  user had en te re d  th e  w ash room  to  

take th e  shower.

❖ The te m p e ra tu re  sensor  d e tec ted  th e  w ash room  tem p era tu re  d ro p p e d  to  approxim ately

22.8 degrees  Celsius (event ('F')).

❖ The humidity sensor noticed th e  w ashroom  humidity also d ropped  to  approxim ately 30% 

relative humidity a t  22.8 deg rees  Celsius (event ('H')).

❖ The motion senso r  de tec ted  no hum an  motion was p resen t in th e  ba th ro o m  af te r  th e  

show er (event ('B')).

❖ The light sensor sp o tted  no light p re sen t  in th e  ba th ro o m  after t h e  sh o w er  (event ('D')).

We noticed th a t  th e  tem p e ra tu re  and humidity of th e  ba th room  increased when th e  user  was taking a shower. 

The figure also shows th a t  th e  light in th e  ba th room  w as tu rn ed  on  and th e re  was indication of th e  m otion o f  a 

person in th e  w ashroom . These results indicate th a t  during th e  collection o f  the da ta ,  t h e re  w e re  so m e even ts  

going on in th e  washroom .
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Figure 5.10: Remote station in ba th ro o m  collecting data

5.3.6 Kitchen Result

The kitchen is an area in house com posed  of various appliances, such as th e  refrigerator, d ishwasher, oven, cook 

top, microwave, toaster ,  etc.

Figure 5.11: Prototype ap a r tm en t 's  kitchen

Test purpose : The purpose of this section is to  collect data  of  the  events  w hen  kitchen appliances w ere  used in 

the  kitchen.
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Expected result: The results w e re  expected  to  show  th a t  th e  te m p e ra tu re  and humidity sensors  d e tec ted  an 

increase in te m p e ra tu re  and  humidity w hen  oven w as sw itched on to  cook in th e  kitchen. F urtherm ore , w e also 

expected th a t  th e  motion sensor would d e tec t  hum an  m otion in th e  kitchen.

Test procedure: The rem o te  station was placed in th e  kitchen to  transm it d a ta  every tw o  seconds.

Tested result: The results w e  received w ere  as w e had expected . Figure 5.11 illustrates th e  d a ta  o f  th e  events  in 

a kitchen in real t im e monitoring when a kitchen appliance, such as th e  stove, was used. Figure 5.11 show s th e  

results of th e  da ta  in th e  kitchen before, during, and  a f te r  th e  kitchen appliances w ere  used.

•  Before any de tec ted  of events  in kitchen o f  appliances been  used:

❖ The te m p e ra tu re  sensor d e tec ted  th a t  th e  kitchen te m p e ra tu re  was approxim ately  22.8 degrees  

Celsius.

❖ The humidity sensor identified th a t  th e  kitchen humidity w as at approxim ate ly  23.2% relative 

humidity a t 22.8 degrees Celsius.

❖ The motion sensor show ed no de tec tion  of hum an m otion (event ('B')) inside th e  kitchen before 

th e  s tove w as tu rned  on.

❖ The light sensor d e tec ted  th a t  th e re  is no light (event ('C')) p resen t in th e  kitchen before any 

activities occurred.
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Figure 5.12: Graph of th e  data  collected in th e  kitchen

During the  events  in th e  kitchen - Figure 5.11 shows th a t  w hen  th e  stove w as tu rned  on to  cook or boil 

w a te r  for tea or coffee, the tem p era tu re  and  humidity sensors de tec ted  th a t  th e  kitchen te m p e ra tu re  

and humidity increased.

❖ The tem p era tu re  sensor de tec ted  th a t  the  kitchen tem p e ra tu re  increased to  ab o u t  26.8 degrees  

Celsius (event ('E')).
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❖ The humidity senso r  sp o tted  th a t  th e  kitchen humidity also increased to  approxim ately  30% 

relative humidity a t  26.8 degrees  Celsius (event ('G')).

❖ The motion sensor d e tec ted  hum an motion (event ('A')) inside the  kitchen w hen  th e  stove w as 

tu rned  on.

❖  The te m p e ra tu re  sensor de tec ted  th a t  th e  te m p e ra tu re  of th e  kitchen increased w hen  th e  s tove 

w as switched on (event ('E')).

❖ The light senso r  identified th a t  th e re  was also light p resen t in th e  kitchen (event ('€’)).

•  After th e  even t in th e  kitchen stopped:

❖ The te m p e ra tu re  sensor de tec ted  th a t  th e  kitchen te m p e ra tu re  d ropped  to  approxim ately 23.8 

degrees  Celsius (event ('F')).

❖ The humidity sensor noticed th a t  th e  kitchen humidity also d ropped  to  approxim ately 23% 

relative humidity a t 23.8 degrees  Celsius (even t ('H')).

❖ The motion sensor de tec ted  th a t  no  hum an m otion (event ('B')) was p re sen t  in th e  kitchen a f te r  

th e  stove w as tu rned  off.

❖ The te m p e ra tu re  sensor de tec ted  th a t  th e  te m p e ra tu re  of th e  kitchen d ro p p ed  a f te r  th e  stove 

was tu rn ed  off (event ('F')).

❖ The light sensor indicated tha t  th e  kitchen light w as tu rned  off (event ('D')).
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Figure 5.13: Remote station located in the  kitchen collecting da ta

5.3.7 Refrigerator Result

Test purpose: The purpose  of this subsection is to  explain th e  procedure  used  to collect th e  refrigerator data  in 

th e  kitchen.

Expected result: The results w ere  expected to  show  th a t  th e  tem p e ra tu re  and humidity sensors  would d e tec t  a 

decrease in tem p e ra tu re  and humidity w hen th e  pro to type system was placed inside th e  refrigerator for a few 

minutes. Furthermore, we expected th a t  th e  motion would to  show hum an motion p re sen t  in th e  kitchen.

Test procedure: The rem ote  station w as placed inside th e  refrigerator to  transm it da ta  every tw o  seconds. 

Tested result: The results we received w ere  as we had expected .

Figure 5.13 illustrates th e  results of th e  collected da ta  from th e  refrigerator in real t im e monitoring.
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Figure 5.14: Graph of th e  da ta  collected in th e  fridge

W hen th e  rem ote  station was positioned inside th e  fridge for few  minutes and th e  fridge d oor  w as 

closed:

❖ The tem p era tu re  sensor show ed th a t  th e  fridge tem p era tu re  was set to  4 d eg rees  Celsius.

❖ The humidity sensor showed th a t  th e  fridge humidity was a t  8% relative humidity at 4 degrees  

Celsius.

❖ The light sensor indicated th a t  th e  fridge light automatically tu rned  off (event ('D')) w henever  th e  

fridge door was closed.

As soon as th e  fridge door was opened:
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❖ The figure indicates th a t  th e  tem p e ra tu re  sensor d e tec ted  t h a t  the te m p e ra tu re  of th e  fridge 

increased to 12 degrees  Celsius (event ('E')).

❖ The humidity sensor also de tec ted  th a t  th e  fridge humidity increased from 8% w hen  th e  fridge door 

w as closed to  42% relative humidity a t  12 deg rees  Celsius (event ('G')).

❖ At th e  sam e time, th e  light sensor show ed th a t  th e  fridge light tu rned  on autom atically  (event ('C')) 

w henever  th e  fridge door w as opened.

❖ The magnetic switch sensor also show ed th a t  th e  fridge door was opened  (event ('I')).

Figure 5.15: Remote station inside fridge collecting da ta

5.3.8 Living Room Result

Test purpose: The purpose  of this section is to  collect data of  even ts  in the  living room.

Expected result: The result was expected to  indicate even ts  of daily living in th e  living room.

Test procedure: The rem ote  station was placed in th e  living room to  transm it data every tw o  seconds. 

Tested  result: The results we received were as w e had expected.

Figure 5.15 illustrates th e  collected data in real t im e in the  living room  of th e  apartm ent.
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Figure 5.16: Graph of data  collected from th e  living room of the ap a r tm en t

As can be seen  in th e  Figure 5.15:

❖ The tem p e ra tu re  sensor de tec ted  th a t  th e  living room  tem p era tu re  w as a t  22 deg rees  Celsius.

❖ The humidity sensor de tec ted  th a t  th e  living room humidity was a t  25% relative humidity a t  22 

degrees  Celsius.

❖ There was also th e  detection of hum an m otion in th e  living room (event ('A')) by th e  motion 

sensor.
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❖  There w as also th e  sensor detec tion  of light p resent inside th e  living room  (event ('C')).

As soon as th e  balcony door was opened  as shown in Figure 5.16:

❖ The Figure 5.15 indicates showed th e  tem p e ra tu re  senso r  de tec ted  th e  te m p e ra tu re  of th e  living 

room dropped to  4 degrees  Celsius when th e  balcony door w as o pened  for few  m inu tes  (event 

('F')).

❖ The humidity sensor de tec ted  th e  living room relative humidityalso increased to  42% relative 

humidity a t 4 degrees  Celsius (event ('G')).

❖ At th e  sam e time, th e  light sensor indicated th a t  th e  living room light w as tu rn ed  on, (event 

('C')).

❖ The magnetic switch sensor also show ed th a t  th e  balcony do o r  was o p en e d  (event ('I')).

Figure 5.17: Living room  when balcony door was o p ened

5.3.9 O utside Results

Test purpose : The purpose of th e  section is to  collect data  from th e  balcony of the ap a r tm en t.

Expected result: The results w ere  expected to  indicate a decrease  in tem p era tu re  and an increase in humidity 

during th e  wintertime.
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Test procedure: The tran sm it te r  station w as placed on th e  balcony o f  th e  a p a r tm en t  to  t ran sm it  d a ta  every tw o  

seconds.

Tested result: The results w e received w ere  as w e had  expected , th e  pro to type system  indicated a drop  in 

tem p e ra tu re  ou ts ide  and an increase in humidity.

Figure 5.17 illustrates th e  data  collected outside th e  ap a r tm e n t  (balcony) during th e  w in tert im e.

•  Outside - As can be seen  in Figure 5.17, th e  te m p e ra tu re  and humidity sensors  d e tec ted  d ro pped  in 

te m p e ra tu re  and increased in relative humidity w hen  th e  re m o te  station was placed outside.

❖ The outside te m p e ra tu re  d ropped to  -4 degrees  Celsius w hen  the  deve loped  system w as placed 

outside to  collect data .

❖ The outside humidity increased to  77 % relative humidity a t  -4 degrees Celsius (event ('G')).

❖ It was pitch black, th e re  was no light (event ('D')) p re sen t  outside a t  th e  t im e  of collecting th e  

data.

• Inside (living room) -  As can be seen  in Figure 5.17, as soon  th e  rem o te  station w as brough t inside th e  

apa rtm en t,  th e  te m p e ra tu re  and humidity sensors  show ed  th e  te m p e ra tu re  increased  gradually while 

th e  humidity reading decreased  simultaneously. Furtherm ore, th e re  was an indication of th e  p resence 

o f light in th e  living room.

❖ The tem p e ra tu re  increased to  4 degrees  Celsius w hen th e  system  w as placed inside th e  

ap a r tm en t  (event ('E')).

❖ The humidity sensor d e tec ted  d ropped  o f  52% relative humidity at 4 deg rees  Celsius (event ('H')).



There was light (event ('C')) p resen t  inside th e  ap a r tm en t  a t th e  time of collecting th e  d a ta  for th e  

Figure 5.17.
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Data in terpre ta tion  is im portan t to  identify com m on p a t te rn s  such th a t  meaning can be  derived. In th e  d a ta  

analysis subsection, we assigned a symbol to  each  event.  In this subsection, w e  will show  how  to  derive m eaning 

from th e  sequence  of th ese  symbols and  duration of th e  events , as shown in Table 5.4. The goal is to  potentially 

identify various Activities of daily living o f  an occupant from th e  s eq u en ce  o f  th e  symbols. The Activities of daily 

living in which w e are  in terested  are  activities such as bathing, toileting, eating, sleeping, and  cooking, as show n 

in Table 5.4 and Figure 5.19.

Activities o f  daily 

living (ADL)

Transition s ta te  

(sequence)

Events

Bathing A,C,E,G,D,B Motion on, light on, t e m p e ra tu re  on, humidity on, light off, m otion  off

Toileting A,C,B,A,E,G,D,B Motion on, light on, motion off, m otion on, t e m p e ra tu re  on, humidity 

on, light off, motion off

Cooking A,C,I, E,G,J,E,D,B Motion on, light on, m agnetic  on, t em p e ra tu re  on, humidity on, light 

on, m agnetic  off, t e m p e ra tu re  on, light off, m otion off

Eating D, B, A,C,D, B A,C Light off, m otion off, m otion on, light on, light off, m otion off, motion

on, light on

Sleeping A,C,D,B, A,C Motion on, light on, light off, motion off, m otion  on, light on

Table 5.4: Sequence of events  of Activities of daily living of an occupan t
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Figure 5.20: Activities o f daily living o f  an occupant

Possible scenario  fo r ba th ing  activity is as sh o w n  in Figure 5.20: An occupan t en te rs  th e  w ashroom , 

triggering th e  m otion sensor (event ('A')); tu rn s  on th e  light, which activates t h e  light sen so r  (event 

('C')); and proceeds to  taking a shower, turning on th e  h o t  w a te r  tap, which triggers th e  te m p e ra tu re  

and humidity to  rise (event ('E') and even t ('G'), respectively). After th e  shower, th e  occupan t  gets  o u t  of 

th e  bath tub , takes  a tow el to  rub w a te r  off her /h is  body, puts  on som e body lotion, dresses, and th en  

moves tow ard  th e  door  to  exit th e  washroom ; th e s e  activities continue to g en e ra te  m otion  (event ('A')). 

The occupan t th en  tu rns  th e  light off (event ('D')) and d ep a r ts  th e  w ashroom  (event ('B')). The expected  

duration  of th e  activity is 10-15 m inutes as show n in Figure 5.20.
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Figure 5.21: Bathroom results

Possible scenario  for toile ting activity is as  sh o w n  in Figure 5.21: : An occupant en te r s  th e  w ashroom , 

triggering th e  motion sensor (event ('A')); tu rns  on the  light (event ('C'); and sits dow n on toilet seat,  

w here  they  make no m ovem ent at all and th e re fo re  trigger the  motion off (event ('B')). The occupant 

moves to  stand up, triggering th e  motion sensor on (event ('A')); flushes th e  toilet; and  tu rns  on  the  tap  

to  wash their hands, triggering the  tem p e ra tu re  and humidity to  rise (event ('E') and ev en t  ('G'),



respectively). The occupan t th en  m oves tow ard  th e  d o o r and  tu rns off the  light (even t ('D')) and  d ep a rts  

(event ('B')). The expected  duration  o f th e  ev en t is 5-10 m inu tes as show n in Figure 5.21.
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Possible scenario  fo r cooking activity  is as  sh o w n  in Figure 5.22: An occupan t e n te rs  th e  kitchen, 

triggering th e  m otion senso r (event ('A')), and sw itches on  th e  light (event ('C')). The occupan t th e n  

m oves tow ard  th e  refrigerato r and o pens th e  refrigerato r door, triggering th e  m agnetic sen so r on (event 

('I')). The refrigera to r's  light tu rn s  on, as it does au tom atically  w henever th e  re frigerato r d o o r is o p en ed  

(event ('C')), and th e  tem p era tu re  and hum idity rise (even t ('E') and event ('G'), respectively) as show n



119

in Figure 5.13. The occupan t th en  closes th e  fridge door, triggering th e  m agnetic sen so r off, (event ('J')) 

and refrigerato r's  light tu rn s  off, as it does autom atically  w h en ev er th e  refrigerato r d o o r is closed (event 

('D')). The occupant sw itches th e  stove on, prom pting  th e  te m p e ra tu re  sensor to  go up (event ('E')). The 

occupan t's  m ovem ent and activity around th e  kitchen con tinues to  trigger th e  m otion  sen so r on  (event 

('A')) in th e  kitchen. Upon com pletion of food p repara tion , th e  occupan t tu rn s  off th e  light (event ('D')) 

and d ep a rts  from  th e  kitchen, triggering th e  m otion sen so r to  no t d e tec t any m otion (even t ('B')) in th e  

kitchen. The expected  duration  of th e  cooking ev en t is 10-30 m inu tes as show n in Figure 5.22.
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Possible scenario eating activity is as show n in Figure 5.23: The activity sta rts  in th e  kitchen, m oves to  

th e  living room , and th en  back to  th e  kitchen again. Upon com pletion  of food p rep ara tio n , th e  occupan t 

tu rns off th e  kitchen light (event ('D')) and d ep a rts  from  th e  kitchen, triggering th e  m otion  sen so r to  off 

(event ('B')). The occupan t th en  en te rs  th e  living room , triggering th e  m otion sen so r (even t ('A')), tu rn s  

on th e  light, (event ('C')), and sits dow n to  ea t. After th e  m eal th e  occupant goes back to  kitchen, 

triggering th e  m otion sensor on, (event ('A')), and sw itches th e  kitchen light on again (even t ('C')). The 

expected duration for th e  eating  even ts  is 10-30 m inutes as  show n in Figure 5.23.
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Possible scenario for sleeping activity is as shown in Figure 5.24: The activity s ta rts  a t th e  tim e th a t th e  

occupant goes to  bed and ends a t th e  tim e th a t  th e  occupan t w akes up. The o ccu p an t en te rs  th e  

bedroom , triggering th e  m otion senso r (event ('A')); tu rn s  on  th e  lam p (event ('C')); and  p ro ceed s to  th e  

bed to  lay dow n on it. The occupant th en  tu rn s  th e  lam p off (event ('D')) and lays dow n on bed to  sleep, 

triggering th e  m otion senso r off (event ('B')). The occupan t w akes up in th e  m orning, triggering th e  

m otion sen so r on (even t ('A')). The expected  d u ra tion  of sleep  is 6-8 hours as show n in Figure 5.24.
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5.5 Potential Benefits o f th e  Research

As we have seen , th e  m onitoring system  can autom atically  d e tec t th e  Activities o f daily living (ADL) o f elderly 

populations in th e ir  hom e to  im prove th e  occu p an t's  hea lth  and  well-being, and  th e  safe ty  o f th e ir  living 

conditions. This section will describe som e of th e  po ten tia l benefits  o f our developed  system .

• Health and well-being: Health and w ell-being can be d e te rm in ed  through  th e  level o f m obility and th e  

perform ance o f ADL o f th e  occupant. Early signs o f  hea lth  problem s of th e  o ccu p an t can be identified 

from  abnorm al p a tte rn s  in th e ir  ADL. M oreover, knowing if sleeping, eating, o r bath ing  tim es change 

day a fte r day is also a good indication of health  p roblem . The objective here  is early  recognition of 

abnorm al conditions and p rom pt, app ropria te , and  cost-effective in terventions o f m edical and  w elfare 

professionals to  help reduce m orbidity and m aintain  in d ep en d en t lifestyle o f th e  elderly  in th e ir ow n 

hom e.

• Food spoilage: The refrigerato r is o n e  of m ost im p o rtan t app liances in th e  kitchen in regards to  keeping 

food safe. It helps p ro tec t food from  spoiling by slow ing bacterial grow th. Bacteria grow  rapidly a t 

te m p e ra tu re s  b e tw een  4°C and 60°C. This te m p e ra tu re  range is com m only re ferred  to  as th e  "D anger 

Zone." The refrigerato r tem p e ra tu re  should be 4°C or low er. This tem p e ra tu re  level and  refrig era to r 

d o o r should always be m onito red  to  p reven t food from  spoiling.

• W ell-cooked food: It is im p o rtan t to  cook food thorough ly  to  kill harm ful bac teria  th a t  m ight 

con tam inate  food, especially m eat. Som etim es m ea ts  a re  co n tam inated  w ith p a th o g en s17; to  kill th e s e  

germ s, m eat m ust be cooked thoroughly  a t  a te m p e ra tu re  o f at least 77°C. How ever, high te m p e ra tu re s  

d estroy  certain  vitam ins and m inerals in food, so food  m u st be cooked at th e  te m p e ra tu re  range th a t  is

17 Pathogens are germs that cause serious illness.



suitable for each ty p e  of food. Our designed  p ro to ty p e  system  is su itab le  fo r m onitoring  food  

te m p e ra tu re  levels to  en su re  safety.

Negligence: Caregiver negligence is o n e  of th e  p rob lem s facing th e  elderly popu lation . One exam ple o f 

negligence is th e  w ell-know n sto ry  in June 2010 o f th e  elderly  person  in Toronto  w ho w as neglected  for 

several m onths in a m akeshift bedroom  se tu p  inside an  un insu la ted  and in ad eq u a te ly  h ea te d  garage. 

She was left th e re  w ith only a bucket o f w a te r, very little food , and  a port-a -po tty  th a t  w as n o t properly 

m ain tained  [63]. She w as found unconscious, starving, and suffering from  fro stb ite . M onitoring system s 

such as ours th a t  can autom atically  d e tec t th e  daily living activities o f elderly popu lations in th e ir  hom e 

can lead to  th e  im provem ent o f th e ir health  and  w ell-being, and th e  safety o f th e ir living conditions and  

could have m ade a difference in this situation . A nother sto ry  of neglect is th a t  o f an  elderly  couple in th e  

UK, Mr. Randall, 76, and his w ife Mrs. Jean, 79 [64]. The couple w as left to  die in th e ir  freezing hom e 

afte r neighbours' p leas for help to  th e  au th o rities  w e re  ignored. The system  th a t  can m on ito r room  

te m p e ra tu re  and m ake sure it does no t d rop below  am b ien t tem p e ra tu re , especially in th e  w in ter, could 

have saved th e  couple.

In truders: A nother issue facing elderly p eop le  is th a t  o f in truders. There are  frequen tly  rep o rts  o f break- 

ins into th e  hom es o f th e  elderly and assau lts of elderly  people th a t  could be  avoided . O ne way o f 

preventing th e se  crim es is by continuously  m onitoring w indow s and m ain en tra n ces  o f buildings to  

ensure th ey  are locked a t all tim es as well as pu tting  in place a system  with a buzzer th a t  w ould send o u t 

an a lert if doors and  w indow s are  open  for a long period.

W ater leakage: There are so m any headline new s sto ries o f w a te r leakage problem  facing elderly. The 

stories such as "W ater h ea te r 's  m onoxide leak kills elderly couple." Taipei City police found th e  bodies of
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an elderly couple living in th e  Shizhi District w ho  had reported ly  died from carbon  m onoxide poisoning 

resulting from  an o v e rh ea ted  w a te r h e a te r  in a tightly  sea led  hom e [65]. A continually  m onitoring o f 

hom e te m p e ra tu re  and  hum idity levels to  avoid w a te r  leakage or w a te r dam age re sto ra tio n .

• Energy con su m p tio n : Energy consum ption  is o n e  o f th e  m ost pressing issues facing th e  elderly  

population. S om etim e elderly people fo rget to  sw itch off th e  stove o r tu rn  off th e  lights, fauce ts , or ta p  

a fte r usage, which leads to  h ea t loss and energy  w aste . One way o f controlling  th is is th rough  

continuously m onitoring th e  m ajor dom estic eq u ip m en t: th e  hot w a te r h ea te r, stove, refrigerator, and  

light sw itches. This can d e tec t th e  usage p a tte rn  and th e  im pact o f seasonal d ifference on energy  usage 

and help identify w hen a particular appliance is ON and th e  length o f tim e th a t  it has been  ON.

Energy consum ption
O ver usage

U nder u sage

Energy m an ag e m en t

Figure 5.26: Energy consum ption due  to  activities o f daily living of an o ccu p an t

5.6 P o ten tia l B enefits o f Sensors

The experim ental results fo r o u r collected d ata  a t d ifferen t locations and env ironm ents clearly show  th a t o u r 

p ro to type system  can achieve high levels o f accuracy. Each sen so r in th e  p ro to type system  has th e  po ten tia l of 

benefitting  th e  occupan t in th e  sm art ap a rtm en t. The p o ten tia l goals a re  discussed as follows.

• T em p era tu re  sen so r: The goal o f th e  te m p e ra tu re  sen so r is to  m on ito r env ironm en ta l te m p e ra tu re  to  

en su re  app ro p ria te  heating  and cooling of th e  ap a rtm en t. Also, th e  aim of th e  te m p e ra tu re  sen so r is to  

m onitor th e  condition o f appliances in th e  ap a rtm en t, such as th e  refrigerato r o r stove, to  ensu re  th ey



are  o perating  a t an accep tab le  te m p e ra tu re  range. The designed  system  also includes a buzzer to  a le rt 

th e  user o f any change in th e  norm ally requ ired  range of te m p e ra tu re  in th e  a p a rtm e n t o r appliances.

Photocell sen so r: The goal o f th e  photocell sen so r is to  m on ito r th e  presence o f light in th e  a p a rtm en t. 

This inform ation could po ten tial help an  occupan t tu rn  th e  light o ff w hen light is n o t su p p o sed  to  be  on. 

A nother goal of th e  light senso r is to  m onito r th e  condition  o f appliances, such as th e  fridge. From th e  

experim ental results o f th e  fridge, w e have learned  th a t w h en ev er th e  fridge d o o r is o p en , th e  fridge 

light tu rn s  on autom atically . As soon as th e  d o o r is closed, th e  fridge light tu rn s  off. W ith th is 

inform ation, it can be easily recognized w hen th e  fridge d o o r is o p en  o r closed; this can lead to  ensuring  

th a t  th e  fridge door is closed to  p reven t food from  spoiling.

Pyroelectric Infrared (PIR) M otion Sensor: The goal o f th e  sen so r is to  m onitor th e  p re sen ce  and  m otion 

o f th e  residen t th ro u g h o u t th e  ap a rtm en t. Inform ation a b o u t th e  occupan t's  health , hygiene, and  ea ting  

p a tte rn s  can be determ ined  from  th e  m otion senso r. For exam ple,

(1) Concerns ab o u t th e  o ccupan t's  hygiene can be d e te rm in ed  from  m otion in th e  b ath room .

(2) C oncerns ab o u t th e  ea ting  behaviour o f th e  occupan t can be d e term in ed  from  m otion  in th e  

kitchen and living room .

(3) Health concerns ab o u t th e  occupan t can be d e te rm in ed  from  prolonged p resen ce  o f m otion in 

o n e  place o r room  and no m otion th ro u g h o u t th e  en tire  ap a rtm en t. The inform ation  here  can 

indicate th a t occupan t m ight be to o  ill to  m ove a round  th e  ap a rtm en t. Also, irrational



w ondering  o r random  changes o f  m otion  in th e  a p a rtm e n t could ind icate  m en tal anxiety or 

confusion.

Hum idity senso r: The aim  o f th e  hum idity sen so r is to  m on ito r env ironm ental relative hum idity  o f th e  

ap a rtm en t o r  appliances to  enab le  th e  o b serv er to  d e te rm in e  th e  Activities o f daily living o f th e  user and 

th e  condition of th e ir appliances in th e  a p a rtm en t. From th e  experim ental resu lts o f th e  fridge, w e have 

d e tec ted  th a t w hen th e  fridge door is open , th e  relative hum idity  of th e  fridge increases. W e also 

observed  an increase in relative hum idity w hen  th e  b a th tu b  is filled with w a te r  and w hen  w indow s or 

th e  balcony door is o p en . W ith this inform ation, th e  following inform ation can be d e term in ed :

(1) The occupan t taking a show er can be d e te rm in ed  from  changing levels of relative hum idity  in 

th e  bath room .

(2) The fridge functionality can be d e te rm in ed  from  th e  relative hum idity of th e  fridge.

(3) An open  balcony door o r w indow  can b e  d e te rm in ed  by changes in th e  relative hum idity  o f th e  

ap a rtm en t.

U ltrasonic sen so r: The objective of th e  u ltrasonic sen so r is to  d e tec t an ob ject and m easu re  th e  d iscre te  

distances b e tw een  objects in th e  ap a rtm en t. For exam ple, it can be used to  m easu re  a d istance b e tw een  

an object in th e  kitchen or bath room  o f th e  ap a rtm en t; th is  inform ation can identify th e  exact location 

o f an occupan t in th e  ap a rtm en t.

Hall Effect (m agnetic) senso r: The p u rpose  of th e  Hall Effect sen so r is to  d e te c t w h e th e r  a d o o r is o p en  

or closed. It is conven ien t for th e  m onitoring o f th e  en try  and  exit from  various room s o r th e  ap a rtm en t.
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It is also useful for m onitoring w indow s or kitchen appliances, such as th e  re frigerato r, d ishw asher, or 

stove.

• P iezoelectronic buzzers: There a re  also buzzers th a t  will a le r t th e  users of any u n accep tab le  changes in 

behaviour. An exam ple o f an unaccep tab le  change in behav iour w ould be w hen th e  te m p e ra tu re  o f th e  

ap a rtm en t o r appliances, such as fridge, is low er o r higher th an  th e  accep tab le  range.

The prim ary goal o f th e  research  is th e  early recognition o f abnorm al conditions such th a t  au tom atic , p rom pt, 

appropria te , and co st-e ffec tiv e  in terventions can be im p lem en ted  by m edical and w elfare  professionals to  help 

reduce th e  m orbidity o f elderly  people and m aintain in d ep en d e n t lifestyles of th is  population  in th e ir ow n 

hom es. The ta rg e t in tervention  will potentially  help red u ce  req u es ts  for expensive m edical services and  reduce 

elderly dem ands in em ergency.
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CHAPTER 6

CONCLUSION, LIMITATIONS, AND SUGGESTIONS FOR FUTURE RESEARCH

This ch ap te r is organized into tw o  sections: section 6.1 focuses on th e  conclusions o f th e  research  and 

section 6.2 em phasizes lim itations and  suggestions for fu tu re  research .

6.1 Conclusions

The objective o f th e  research  w as achieved. W e designed, developed , and im p lem en ted  an u ltra-safe 

and reliable w ireless sen so r netw ork  system  with m ultiple functions th a t functions tro u b le -free  in 

d ifferen t environm ents and  require  minimal m ain tenance. T he system  is cost-effective , easy  to  use, 

portab le , and consum es less pow er th an  o th e r w ireless sen so r netw orks, such as Wi-Fi, B luetooth, 

w ireless USB, Ultra w ideband (UWB), o r IR w ireless. N ow adays, with busy lifestyles, a w ireless sen so r 

netw ork  is an excellent device to  m onito r vulnerable, iso lated , o r  neglected  p eop le  in society, such as 

th e  m any sen ior citizens w ho are  left a lone in th e ir  hom es with little or no supervision. W ith this 

contribution, this research  could potentially  lead to  m ajor cost savings in regards to  th e  m onitoring  of 

th e  elderly population in th a t  th ey  can m aintain an  in d ep en d en t, healthy  lifestyle in th e ir  ow n hom e 

ra th e r th an  re locate  to  m ore expensive and isolated ca re  facilities. However, it is up to  th e  users to  

decide w h e th e r to  accep t this w ireless device as an integral p a r t o f th e ir life.
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6.2 L im itations an d  F uture R esearch

6.2 .1  L im itations

Although th e  research  has reached  its objectives, th e re  w ere  so m e  lim itations to  th e  research . Som e of 

th e se  lim itations will be discussed in th is section.

D ata re trieval: The developed  system  only collects d a ta  and d o es  no t s to re  it fo r fu tu re  research . W e 

suggest th a t  fu tu re  research  fu rth e r develop th is  system  to  include s to rag e  fea tu res  th a t  s to re  d a ta  for 

fu tu re  studies.

Design and  im p lem en t con tro l fe a tu res : The developed  system  w e proposed  m onito rs  th e  activities of 

daily living but does no t contro l th e  activities. For fu tu re  research , w e  recom m end th a t  th e  design 

system  include control fea tu res .

M ultiple re m o te  sta tio n s: Although th e  developed  system  w e p roposed  can be  used for collecting data 

from  m ultiple rem o te  stations, w e w ere  unable to  receive data  from  m ultiple re m o te  sta tio n s 

sim ultaneously, instead w e used pair form . Pair form  is th e  sim plest netw ork w ith  ju s t tw o  radios, a 

coord inator, and  one  rem o te  station . To fu rth e r th e  im pact o f th is  research , w e suggest fu tu re  research  

look into th ese  issues.

A lgorithm  and  im p lem en ta tio n s: The developed  system  w e p roposed  for m onitoring d o es n o t include 

algorithm s for p a tte rn  recognition; w e suggest th is be included in fu tu re  research. Som e o f th e  m ost 

com m on m achine learning algorithm ic m odels used in this a rea  a re  Bayesian N etw ork, Logic M odels, 

Decision Tree, Artificial Networks, and Dynamic Bayesian m odels.
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6.2.2 Suggestion for Future Research

Although w e have reached  our goals, th e re  a re  w ays th a t  th e  research  can be  im proved. Som e 

recom m endations th a t  w e suggest fo r fu tu re  research  a re  described  in th is  section.

Extend the range o f data transmissions: The developed  system  w e proposed  tran sm its  da ta  up to  th e  

range o f 133 fe e t (40 m eters) indoors and 400 fe e t (120 m eters) o u td o o rs  at Line-of-sight. W e suggest 

th e  range of transm ission should be ex tended  for fu tu re  research  such th a t  d ata  can be  co llected  a t  as 

g rea t a d istance as possible.

Power consum ption: W e used electric o u tle ts  as th e  pow er source fo r our system  since it w as readily 

available a t th e  a rea  of d a ta  collection, as such, w e do no t know  th e  exac t life expectancy  o f th e  system  

w hen using b a tte ries. For fu tu re  research , if th e  system  is going to  be used with b a tte rie s  as th e  pow er 

source to  collect data  indoors o r ou tdoors, th e n  th e  life expectancy  of th e  b a tte ry  should  be 

determ ined .

Incorporate new  type of sensors in the environm ent: New ty p e  o f senso rs may help to  recognize se ts  of 

m ore com plex activities, or activities no t d e tec ted  before. For exam ple, a sen so r w hich is ab le  to  

m onitor cu rren t consum ption  o f e lec tric/elec tron ic  appliances is likely to  provide pow erful hints ab o u t 

device usability [66]. O ther sensors th a t  can be considered  such as a w ater-flow  sen so r to  m on ito r w a te r 

flow and a force senso r which can be installed in th e  bed, chair, couch, or m at to  p inpoin t th e  exact 

location o f th e  occupan t w hen  th e  occupan t is cooking, eating, o r sleeping.

Publication o f th e  research: One of th e  m ost im p o rtan t parts o f th e  research th a t  is no t y e t co m pleted  

is publication of th e  resu lts of th e  research . It will be ideal to  consider th e  research  for publication in 

fu ture .
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Cellular, WiMAX, Wi-Fi, or Ethernet connection: For fu tu re  research , we recom m end  th e  use of 

ConnectPort X show n in Figure 6.1. C onnectPort X is a gatew ay  th a t  provides PC o r IP N etw ork 

connectivity for end point devices in XBee WPANs, allowing d a ta  to  be collected an yw here  in th e  w orld. 

G atew ays collect end  node data , aggregate it, and  send it to  a p a ren t application using cellular, WiMAX, 

Wi-Fi, or E thernet connections. C onnectPort X ga tew ay  can ex tend  wireless connectivity  to  o th e r 

devices such as Sm art mobile phones.

Figure 6.1: D ifferent ty p es  of C onnectPort X gatew ay
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APPENDIX

Appendix A: W ireless Technologies

The advantages and disadvantages o f  th e  potential w ireless tech n o lo g ie s  are following:

Advantages o f Wi-Fi are summarized below:

•  G ood for m oving large am ounts o f  data (lM b+);

•  Employs unlicensed radio spectrum  and d o es not need  regulatory approval for individual launch;

•  Has a se t  o f  global standards, which m eans it can op era te  in d ifferent countries around th e  

world at all tim es; and

•  Supports roaming: it allow s m obile users with d ev ices such as laptop com p u ters to  be ab le to  

m ove from on e  access point to  another.

Disadvantages of Wi-Fi are summarized below:

•  C onsum es larger am ounts o f  pow er com pared to  so m e  oth er standards such as XBee, W ireless  

USB, or B luetooth . Wi-Fi requires approxim ately 100m A  to  handle 8 0 2 .1 1  stacks, m aking th e  

battery life and h eat a major concern to  som e users; and

•  Wi-Fi netw orks have limited range depending on th e  physics o f  the radio w ave propagation  

with th e  frequency band. A typical range is about 4 5  m (150  ft.) indoors and 9 0  m (300  ft.) 

outdoors.

The advantages o f B luetooth are summarized as follows:
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•  Can be used in both fixed d evices, such as te lep h o n es, com p u ters, printers and o th er  d ev ices, in

m obile d evices, such as cell p h on es, laptops, and o th er  dev ices, and also  for creating personal

area netw ork (PANs);

•  Is ea sy  to  use;

•  Certified interoperability: it has th e  capability for d iverse sy stem s and organizations to  work  

together;

•  The range is b e tw een  5 0 -1 0 0  m eters, su itab le for B luetooth  applications; and

•  Also supports audio links.

The disadvantages o f Bluetooth are the following:

•  U ses th e  sam e frequency as th e  WaveLAN18 standard, which m ay cause in terferen ce; and

•  Is om ni-directional; it en cou n ters problem s in determ ining th e  in tended  recip ient device.

Ultra w ide band (UWB)

T hese applications are sum m arized below . Ultra w ide band applications can be divided into tw o  form s: 

com m unications and radars.

(1) Ultra w id e band can be used for th e  follow ing applications in com m unications:

•  H igh-speed, m ulti-user w ireless networks;

•  W ireless personal area netw orks (PAN)/local area netw orks (LAN);

18 WaveLAN is a trade nam e that describes tw o  com pletely different families o f  w ireless network solutions:

•  Pre-IEEE 802.11 WaveLAN, also called Classic WaveLAN
•  IEEE 802.11-com pliant WaveLAN, also known as WaveLAN IEEE or ORINOCO

Source: en.wikipedia.org/wiki/WaveLAN
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•  Indoor v id eo /d a ta /v o ice  distribution; and

•  Military applications.

(2) Ultra w ide band can be used for th e  follow ing applications in radars:

•  Through-wall im aging and m otion sen sin g  radar;

•  Security system s for alarming and tracking m ovem ent;

•  Underground imaging;

•  Vehicular radar: collision av o id a n ce/d etectio n , road conditions sensing; and

•  Military applications (intrusion d etectio n  radars, proxim ity fu ses , unm anned ground and aerial 

vehicles).

Advantages of th e  Ultra w ide band (UWB) are summarized below:

•  One o f th e  m ost significant o f  th e se  advantages is its capability to  relatively easily  share  

spectrum  space w ith other d evices. Since their freq u en cies are so adaptive, th e  d ev ices can 

easily change to  locate  an op en  range in which to  transm it;

•  UWB com m unications transm it in a way th at d o es not interfere largely w ith o th er m ore

traditional narrowband and continuous carrier w ave u ses in th e  sam e frequency band;

•  High capacity for frequency band;

•  M ultipath robustness;

•  Position location capability;

•  Low transm ission pow er;

•  Low im plem entation  cost; and

•  M ulti-access capability.
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Disadvantages o f th e Ultra w ide band (UWB) are summarized below :

•  Pow er limitation; and

•  Synchronization.

Advantages o f th e Infrared (IR) are summarized below:

•  C onsum es low pow er: ideal for d ev ices such as laptops, te lep h o n es , personal digital assistants'

•  Inexpensive: costs around $2-5  for th e  entire cod in g /d ecod in g  circuitry;

•  IR circuitry is very sim ple. No special or proprietary hardw are is n ecessary  and it can be  

incorporated into th e  integrated circuit o f  a product;

•  XBee has higher security com pared to  o th er w ireless tech n o lo g ies  because o f  th e  directionality  

o f  th e  beam , w hich helps en su re  that data is not leaked or spilled to  nearby d ev ices as it is 

transm itted;

•  It is portable;

•  No restrictions by international regulations for d ev ices to  be functional, and can be used  by

anyone especially  by international travelers, no m atter w h ere  th ey  may are with no restrictions;

and

•  No interference from  signals from o th er  d evices.

Disadvantages o f th e  Infrared (IR) are summarized below:

•  The technology  is not like radio-frequency (RF) w ireless links in th at IR w ireless can n ot p en etra te  

through walls. IR w ireless com m unications or control is generally  not possib le b e tw een  different 

room s in a house or b e tw een  d ifferent h ou ses in a neighbourhood except w hen  th ey  are facing
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w indow s. Any blockage by com m on objects, such as p eo p le , anim al, w alls, plants, can obstruct 

th e  transm ission o f  data;

•  It m ust b e a lm ost directly in th e  line o f sight for d ev ices to  transm it and receive  data;

•  Performs w ell for short range; h ow ever, th e  range drops o ff w ith  longer d istance;

•  Transmission can be affected  by e lem en ts  such as light, w eath er , sunlight, rain, fog, dust, or

pollution; and

•  Data rate transm ission is slow er than typical w ired transm ission.

Radio Frequency Identification (RFID)

Advantages o f th e Radio frequency identification (RIFD) are sum m arized below:

•  N on-line-of-sight operation;

•  Higher inventory rates; and

•  Rewritable product IDs.

Table 7 .1  provides a sum m ary o f th e  potential w ireless tech n o lo g ies , including Wi-Fi, B luetooth , Ultra 

w id e band (UWB), W ireless Universal Serial Bus (USB), Infrared (IR) w ireless, and ZigBee.
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ZigBee 8 0 2 .1 1
(W i-Fi)

B lu e to o th UWB (U ltra  
W ide B an d )

W ire le ss  USB IR  W ire le ss

D ata  R ate 2 0 ,  4 0 ,  a n d  2 5 0  
K b i t s / s

11 & 54 Mbits/sec 1 Mbits/s 100-500 Mbits/s 62.5 Kbits/s 20-40 Kbits/s 
115 Kbits/s 

4 & 16 Mbits/s

R ange 1 0 - 1 0 0  m e t e r s 50-100 m eters 10 m eters <10 m eters 10 m eters <10 m eters (line 
of sight)

N etw ork ing
T opology

A d - h o c ,  p e e r  t o  
p e e r ,  s ta r ,  o r  

m e s h

Point to hub Ad-hoc, very 
small networks

Point to  point Point to  point Point to  point

O p e ra tin g
F req u en cy

8 6 8  M H z ( E u r o p e )  
9 0 0 - 9 2 8  M H z  
(N A ) , 2 . 4  G H z  

( w o r ld w id e )

2.4 and 5 GHz 2.4 GHz 3.1-10.6 GHz 2.4 GHz 800-900 nm

C om plexity  
(D ev ice  an d  
ap p lica tio n  
im p ac t)

L o w High High Medium Low Low

P o w er
C on su m p tio n  
(B a tte ry  op tion  
a n d  life)

V e r y  lo w  ( lo w  
p o w e r  is  a  d e s ig n  

g o a l)

High Medium Low Low Low

S ecu rity 1 2 8  A E S  p lu s  
a p p l ic a t io n  la y e r  

s e c u r i t y

64 and 128 bit 
encyption

O th e r
In fo rm a tio n

D e v ic e s  c a n  jo i n  
a n  e x i s t i n g  

n e t w o r k  in  u n d e r  
3 0 m s

Device connection 
requires 3-5 

seconds

Device connection 
requires up to 10 

seconds

Typical
A pplica tions

I n d u s t r ia l  c o n t r o l  
a n d  m o n i to r in g ,  

s e n s o r  n e t w o r k s ,  
b u ild in g  

a u to m a t i o n ,  
h o m e  c o n t r o l  a n d  
a u to m a t i o n ,  t o y s ,  

a a m e s

Wireless LAN 
connectivity, 

broadband 
In ternet access

W ireless 
connectivity 

between devices 
such as phones, 

PDA, laptops, 
h eadsets

Stream ing video, 
home 

en terta inm ent 
applications

PC peripheral 
connections

Remote controls, 
PC, PDA, phone, 

laptop links

Table 7.1: Comparison o f  ZigBee with o th er w ireless tech n o log ies [67]
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Appendix B: XBee M odule

Com m unication is easy  to  establish with th e  XBee m odule becau se  th e  interface used  for sending and 

receiving data is UART (TTL). All it n eed s is to  co n n ect th e  UART com m unication  pins o f  th e  XBee 

m odule directly to  th e  m icrocontroller's UART. The XBee m odule is a half-duplex (HDX) m odule that 

provides inform ation in both directions, but only o n e  direction at a tim e (not sim ultaneously). Usually, 

w hen  an XBee m odule begins receiving a signal, it m ust w ait for th e  transm itter to  stop  transm itting  

before replying to  th e  transm itter. Table 7.2 illustrates th e  basic feature o f  XBee m odules.

Wireless Type ZigBee (XBee)
Wireless Size 0.962" x 1.2972” (2.438cm x 3.294cm)
Transmission 250 kbps

Frequency Band 2 4 GHz
Communication distance • Indoor Urban: up to 100’ (30 m)

• O utdoorline-of-sight:upto300’ 
(100 m)

Network Topology * Point to point
* Peer to peer
* Point to multipoint

Supply Voltage 2.8-3.3V
Manufacturer Digi International

Table 7.2: Features o f  XBee

XBee and XBee-PRO RF M odules

The com p on en t is available in both  a low -pow er XBee and XBee-PRO RF 

version. The XBee-PRO RF has an extra amplifier for higher ranges; 

nevertheless, the pow er required to  run The XBee-PRO RF is also a lot higher. 

Choosing th e  best or m ost suitable m odules d ep en d s on th e  application (e.g., th e  purpose, or situation, 

o f the research) and th e  users' request. Both th e  XBee and XBee-PRO RF m od u les are bidirectional 

bands and are pin-for-pin com patib le with each other. The o n e  to  th e  right is o f  XBee Series 2 and the  

o n e  to  the left is XBee Pro Series 2; both m odules are equipped  with w hip an ten n ae. Table 7 .3  is the
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com parison of th e  specifications of XBee and  XBee Pro, including brief descriptions of their  ranges, 

transm it te r  and receiver power, and sequence  channels.

Item XBee XBee Pro

Range, Indoor/Urban 100 Feet (30 meters) 300 feet (90 meters), 200 

feet (60 meters) for 

International variant

Range, Outdoor line-of- 

sight

300 feet (90 meters) 1 mile (1600 meters), 2500 

feet (750 meters) for 

International variant

Transmit Power 1 mW (0 dBm) 63mW(18dBm), lOmW 

(lOdBm) for International 

variant

Receiver Sensitivity -92 dBm -100 dBm

TX Peak Current 45 mA (@3 3 V) 250mA (150mA for 

international variant) 

340mA (180mA for 

international variant

RX Current 50 mA (@3.3 V) 55 mA (@3.3 V)

Power-down Current < 10 [iA < 10 pA

RF Data Rate 250,000 bps

Sequence Channels

16 12

Table 7.3: Different b e tw een  XBee and  XBee Pro [61]

Types o f Antennae

There are  th e  following different types of an ten n a  choices available for th e  XBee m odules  th a t  allow for 

connection to  a dipole o r  o th e r  external an tennae .

(1) W ire

(2) Chip

(3) UFL

(4) PCB
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(5) RP-SMA

The applications of XBee with th ese  types of an ten n a e  d ep en d  on the users ' application, for example:

(1) The integrated whip or wire antenna and th e chip antenna  

These kinds of an ten n a e  work well with any application bu t they a re  especially useful in em b ed d ed  

applications. They have no problem transm itting or receiving signals through plastic cases o r  housings; 

they can, therefore ,  be completely enclosed.

(1) Integrated whip or w ire antenna uses Omni-directional radiation. This m eans  th a t  the

an ten n a  is capable of transm itting or receiving signals in all 

directions, especially when th e  whip or wire is straight and 

perpendicular to  th e  module as shown to  th e  right.

(ii) Chip antennae have a triangle-shaped radiation pa tte rn  th a t  allows th e  signal to  a t ten u a te

in many directions. The chip an tenna  is suitable for a device w here  

mechanical s tress to  th e  wire an ten n a  might break it o r th e  m odule needs 

to  be put in a very small space, such as anything wearable . The figure to  the 

right shows th e  type of this chip an tenna .

(2) The ll.FL connector is used in conjunction with an ad a p te r  cable that  can allow connection to a

nec",r dipole o r  gain an ten n a  as shown a t  Figure 7.1. The an ten n a  is

suitable for an XBee m odule tha t  is em b ed d ed  in m etal o r  a solution 

th a t  is m ore  desirable mechanically. However, th e  an ten n a  is to  be

left outside if th e  XBee module is going to  be left on the  inside of a metal box to  avoid

RPSMA RF

W h ip  (W ire )
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transm itting or receiving signals th a t  should not be a t ten u a te d  by th e  enclosure. In addition, it is 

som etim es beneficial to  orient an external an ten n a  differently than  th e  XBee itself o r  to  use a 

special-purpose an ten n a  with a precise radiation pattern , such as a high-gain an ten n a  that 

passes signals in a single direction over a b ro ad er  distance. The U.FL co n n ec to r  is small, fairly 

fragile, and m ost of time used with a sho rt  connecting cable tha t  carries th e  signal from a 

remotely m ounted  antenna .

(3) PCB antenna, which was established with th e  XBee-PRO S2B, is printed directly on th e  circuit 

board of th e  XBee. It is com posed of a series of  conducting traces  set o u t  in a fractal pattern . 

The PCB an tenna  offers many of th e  sam e benefits as th e  chip an tenna  and has a much lower 

manufacturing cost.

(4) RPSMA connector is just a different type of socket from th e  U.FL connector.  It's known for its 

typically inconvenient size and for taking up a lot of space. It is large and unwieldy, but it can be 

used with an external an tenna m oun ted  directly to  th e  XBee w ithout a connecting cable. For 

m ost studies, it is still b e t te r  off with th e  simple wire an tenna  tha t  is smaller, cheaper ,  and 

generally just as good. That is why w e used wire an ten n ae  for ou r  study.

Although the  2.4 GHz XBee module has a maximum over-the-air d a te  ra te  of 250000 bps due to  the 

overhead  of th e  protocol, the actual theoretical maximum data  rate is approximately half of th a t  a t

U.FL RF C o n n ec to r U.FL to  RP-SMA A n te n n a  A d a p te r  Cable

Figure 7.1: XBee module with type U.FL connector
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15200 bps. The possible values a re  shown in Table 7.4. The Baud ra te  is m anaged by th e  BD setting, with 

standard  Baud rates defined as th e  codes 0 to  7 [68]. 3(9600 bps) is s e t  by factory default. The XBee 

m odule has low baud ra tes  of be tw een  1,200 and  115,200 bps.

BD Baud Rates
0 1200 bps
1 2400 bps

4800 bps
3 9600 bps
4 19200 bps
5 38400 bps
6 57600 bps
7 115200 bps

Table 7.4: Baud ra tes and p aram ete r  (BD) defined as th e  codes 0 to  7.

Digi D evelopm ent Board

The Digi developm ent board was also considered for the  research. The board  was included with a s ta r te r  

kit th a t  w e bought from Digi International for our research; how ever, for reasons of cost, size, and 

flexibility, we decided not to  use it. The tw o  types of th ese  boards, USB and RS 232 Digi D evelopm ent 

Boards, are  shown a t  Figure 7.2. The boards a re  com posed  of a pow er supply source, USB or RS 232 

connector, switch button, reset button, and lights. Although th e  boards a re  suitable for o u r  base station, 

we decided to  use th e  XBee ad a p te r  from SparkFun for ou r  base  station and Adafruit XBee a d a p te r  for 

our rem ote  stations instead.

Figure 7.2: Digi International Development Boards for XBee
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Component Component Image Manufacturer Coct (US 
Dollar)

Zlgboo /  
802.19.4 

Modulo* RS- 
232 XBee-PRO 

pro onal 
interface 

board

Digi
International

79.90

USB Mini-B 
Cable - 6 Foot

a 0 s -̂ y•4*s?

Sparkfun
Electronics

4.95

Total 84.85

Table 7.5: USB and RS 232 XBee Development Board
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A p p en d ix  C: M icrocon tro ller

The main purposes  o f th e  microcontroller in ou r  research  are  as follows:

•  Obtain raw sam ples of senso r  inputs e i ther  in analogue o r  digital form;

•  Convert th e se  sam ples to  digital binary;

• Convert th e se  binary sam ples to  binary-coded decimal (BCD); and

•  Get ASCII code and  compile information to  be displayed a t  X - CTU Terminal.

PIC 16F876

The brand of microcontroller th a t  w e used in our research is a series of  microcontrollers called 

Peripheral Interface Controller (PIC) from Microchip m anufac tu rer .  Microcontroller PIC com es in 

different varieties, som e with a basic low m em ory  type, going all the  way th rough  analog-to- 

digital converters  (ADC) and to  th e  even pulse-width m odulation  (PWM) built in.

The type  of Microcontroller PIC th a t  we used to  cap tu re  th e  sensor 's  collected da ta  is PIC 16F876, which 

is a microcontroller with 28 pins. It has an 8-Bit p rocessor w ith  a h igh-perform ance FLASH 

microcontroller, which m eans it can be erased  and  rep rogram m ed w ithout having to  use  a UV light 

source. This allows th e  sam e  device to  be used for p ro to type  deve lopm en t as well as production. The 

chip has 8k of code space and 22 I/O lines (5 of which are  a 10 bit analogy to  th e  digital converter  

capable), 368 bytes of RAM, and 256 bytes of  EEPROM. This microcontroller can run up to  20 MHz with 

external crystal, and a package can be program m ed in a circuit. It has a universal asynchronous serial 

t ranspor t  (UART) for asynchronous serial com m unication, and a microchip family th a t  is the  

synchronous serial port (MSSP) for Serial Peripheral Interface (SPI™) an d  Inter-Integrated Circuit (l2C™).
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The synchronous serial port can be configured as e i th e r  3-wire SPI™ o r  th e  2-wire l2C™ bus. Table 7.6 

and Figure 7.3 illustrate th e  key fea tu res  of this microcontroller.

P aram ete r  Name Value
Program M em ory Type Flash
Program M em ory (KB) 14

CPU Speed (MIPS) 5
RAM Bytes 368

Data EEPROM (bytes) 256 bytes
Digital Communication Peripherals 1-A/E/USART, 1-MSSP(SPI/I2C)

C apture/C om pare /PW M  Peripherals 2 CCP
Timers 2 x 8-bit, 1 x 16-bit

ADC 5 channels, 10-bit
T em pera tu re  Range -40 to  85

Operating Voltage Range (V) 2 to  5.5 V
Pin Count 28 pin

M anufacturer Microchip
Table 7.6: Characteristics of microcontroller PIC 16F876

Before w e can begin discussing th e  o th e r  com ponen ts ,  w e  would like to  describe asynchronous serial 

communication.

•  RA4/T0CK1, pin 6 can be used as input or o u tp u t  (RA4), or can be  used for a clock (T0CK1) input 

th a t  o p era tes  an internal timer. It o p e ra te s  in isolation to  th e  main clock. The sam e w as also t ru e  in 

this thesis; once th e  pin was selected for o n e  function, it w as not available for any o th e r  function. 

For example, if th e  pin is used a t  input or  o u tp u t  (RA4) th e n  it is unavailable for th e  in terruption 

monitoring (T0CK1).

•  RBO/INT, pin 21 can be used for an input o r  o u tp u t  (RBO), or it can be used for in terruption (INT) 

monitoring. For example, if th e  pin goes high, it can cause th e  program to res ta rt ,  s top , o r  any o th e r  

single function desired. Once th e  pin is se lec ted  for one  function, it is not available for any  o th e r  

function. In o th e r  words, if th e  pin is used a t  input o r  o u tp u t  (RBO) then  th e  pin is unavailable for 

th e  interruption monitoring (INT).
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Microcontroller

Figure 7.3: Microcontroller [69].

The brand of microcontroller th a t  w e used in this thesis is a series of microcontrollers called Peripheral 

Interface Controller (PIC) from Microchip m anufacturer .  This PIC microcontroller chip com es in different 

varieties, som e with a basic low m em ory type, going all th e  way through analogue-to-digital converters  

and to  even pulse-width modulation (PWM) built in. In this study, we s ta r ted  working with different PICs 

including: PIC 16F628, PIC 18F2520, PIC 16F876, and  PIC 16F877, as illustrated in Figure 7.4.

•  PIC 18F2520 is th e  new est part of th e  series of PICs w e used. PIC 18F2520 is th e  chip with prefix 

18 and is for 16-b it  core chips. It has an improved instruction set, peripherals, and twice the 

code and the  speed  com pared  to  14-bit (16F) PICs. However, th e  price is slightly higher.

•  PIC 16F628 is quite cheaper  com pared  to  th e  old 16F84; however, it has twice th e  code size, 

much more RAM, a UART and so m e m ore instruction sets. The chip is suitable to  simple 

applications and learning.
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PIC 16F876 is the  microcontroller w e chose for th e  study because  of its size, m em ory, features  

of th e  chip, ease  of use, quality, and cost. However, th e  chip has  less code size, RAM, and I/O 

com pared  to  the  16F877. The price is th e  sam e as th e  PIC 16F877.

PIC 16F877 is th e  largest chip of th e  16F87X family and a little bit expensive com pared  to  PIC 

16F628 or 18F2520; however, it has eight times th e  code size, much m ore  RAM and much more 

I/O pin, a UART, A/D converter, and a lot more.

Pic 16F628
Pic 16F876

Pic 18F2520

Pic 16F877

Figure 7.4: PIC 18F2520, PIC 16F628, PIC 16F876, and PIC 16F877
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A p p en d ix  D: C om p o n en ts

This section provides a description of each com ponen t  in detail. These com ponen ts  include sensors, 5V 

regulator, and a buzzer. The sensors non-invasive consist of tem p era tu re ,  humidity, photocell, 

ultrasonic, pyroelectric ("passive"), Infrared (PIR), and Hall Effect. A m ore  detailed explanation of each 

com ponen t  is in th e  following subsections.

5V DC voltage regulator

The m ost com m on 5V DC voltage regula tor is called LM 7805. LM 7805 provides circuitr
designers with a simple way to  regulate DC voltages to  5V. Summarized in a single

chip/package (1C), th e  LM 7805 is a positive voltage DC regulator th a t  has only 3 terminals: 

Input voltage, Ground, and O u tpu t Voltage. LM 7805 has a power supply of 1 AMP and 

to lera tes  +/- 5%, which m eans th a t  the  voltage of 5V with a to lera tion  of +/- 5% can yield result of 

be tw een  5.25 V to 4.75 V; this is a major concern for th e  accuracy of o u tp u t  for th e  sensors.

Type LM 7805CT-ND
Voltage o u tp u t 5V@  1A

Operating Tem perature —40°C ~125°C
M anufacturer Fairchild Sem iconductor

Table 7.7: Characteristics of LM7805CT

Piezoelectronic Buzzer

The type of buzzer th a t  was chosen  for th e  research is called th e  piezoelectronic buzzer. The 

characteristics of th e  piezoelectronic buzzer are  shown in Table 7.8. The device is used for 

many applications, including for making beeps, tones ,  and alerts. A piezoelectronic buzzer is 

small but loud. It opera tes  with 3-30V peak-to-peak square waves. It has tw o  pins; one  pin can be 

connected  as a ground and th e  o ther  pin to  a square  wave o u t  from a timer or  microcontroller. The
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loudest to n es  can be achieved a t  a frequency around 4  KHz; however, a piezoelectronic buzzer o p e ra te s  

quite  well from 2 KHz to  10 KHz. To get extra volume, bo th  pins can b e  connected  to  a microcontroller 

and sw apped  to  de te rm ine  which of th e  pins is high or low for double  t h e  volume.

C om ponent type PS1240P02BT
C om ponent size 1 2 .2 m m  x 6 .5 m m  x 5 m m
Sound pressure 70dBA

Operating tem p e ra tu re  range —10 to  70°C
Storage condition 5 to 40°C

M aximum input voltage 30V
Minimum input voltage 3V

M anufacturer TDK
Table 7.8: Characteristics of th e  piezoelectronic buzzer

TMP36 Tem perature Sensor

h  The TMP36 tem p era tu re  senso r  is th e  type  of sensor th a t  was used  for ou r  research. The reason 

for choosing this tem p e ra tu re  senso r  is th a t  this sen so r  has a very wide range. It p roduces 

tem p e ra tu re  readings in Celsius and does no t  require  a negative voltage to  read sub-zero 

tem pera tu res .  It is inexpensive, small, and can take  up very little space in ou r  circuit board . The 

characteristics of th e  TMP36 tem p e ra tu re  senso r  are show n in Table 7.9. The te m p e ra tu re  senso r  is o f 

an analog type. The sensor is an in tegrated circuit (1C) and does no t  require external calibration or 

trimming. T em peratu re  is a low-voltage opera tion  be tw een  2.7V to  5.5 V th a t  calibrates directly in °C 

and  10 mV/°C scale factor. It has a ±2°C accuracy over tem p e ra tu re  and  ±0.5°C linearity. The senso r  is 

s table with large capacitive loads, specified at -40°C to  +125°C, and operating  to  up +150°C.

Sensor type Analog Devices TMP36
Sensor size 0.2" x  0.2" x 0.2"

T em pera tu re  range —40°C to  150°C / —40°F to  302°F
O utpu t  voltage range 0.1V ( —40°C) to  2.0V(150°C)

Power supply 2.7V to  5.5V only, 0 .05 mA curren t d raw
M anufacturer Analog Devices
Table 7.9: Characteristics of  TMP36 te m p e ra tu re  sensor
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Humidity Sensor

The humidity senso r  th a t  w e used for th e  research is th e  CHS-GSS brand. The relative humidity 

(RH) for th e  sensor can be read directly with a vo ltm eter; o u tp u t  DC of IV can produce 100(%) 

RH. The sensor is capable of measuring humidity in th e  relative humidity range of 5% to  95%. 

It o p era tes  a t  a tem p e ra tu re  range of 0°C to  50°C, and  requires a 5V power supply. In addition, the 

sensor has low curren t consum ption, only 0.6 mA. Table 7.10 provides a brief description of th e  features  

for th e  humidity sensor th a t  w as used for th e  research.

Sensor type CHS-series
Sensor size 2 7 m m  x 11 .5 m m

Measuring range 5% to  95% (RH)
Operating condition 0 to  50°C

Storage condition - 2 0  to  60°C
Power supply 5V
M anufacturer TDK

Table 7.10: Characteristics of humidity sensor

Photocell sensor - light sensor

The photocell sensor tha t  w e used for our research is also known as a cadmium-sulfide (Cds) cell. 

The sensor is m ade of cadmium-sulfide; it is small, inexpensive, low-power, easy to  use, and does 

not w ear easily. It can be found in toys, gadgets , and appliances. However, in ou r  research, we 

used the  sensor to  d e tec t  lightness and darkness in a room. Table 7.11 provides specifications of

th e  photocell (light) sensor th a t  w as used for th e  purpose  of this research.

Sensor type PDV-P8001
Sensor size 5mm (0.2") d iam eter.
Operation 

tem p era tu re  range
-20°C to  75°C

Resistance range 200K O (dark) to  10KO (10 lux brightness)
Sensitivity range Cds cells respond to  light be tw een  400nm  (violet) and 600nm  

(orange) wavelengths, peaking a t  ab o u t  520nm (green).
Power supply Almost anything up to  100V, uses less th an  1mA of current on  average 

(depends on pow er supply voltage)
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M anufacturer Advanced Photonix, Inc.
Table 7.11: Characteristics of th e  photocell sensor

Hall Effect Sensor -  US5881LUA

The type of magnetic sensor th a t  w e used for th e  research is th e  Hall Effect. The senso r  has discs 

with an approxim ate 1/2" d iam eter  and 3/16" thickness. This type  of sensor is useful for n o n 

con tac t /w a te rp roo f  type switches, position sensors, and ro tary /shaft  encoders. The sensor 

o p era tes  at 3.5V to 24V and it has th ree  terminals: pin 1 is th e  input voltage pin (left pin), which is used 

to  connect to  th e  power; pin 2 is the  ground pin (the middle pin); and pin 3 is the  o u tp u t  voltage pin, 

which requires a 10K pull up resistor and is connected  to  power. The Hall Effect (magnetic) sensor w as 

used to  de tec t  w h e th e r  a d oor  was open  or closed. The characteristics o f  Hall Effect sensor  are show n in 

Table 7.12.

Com ponent type Unipolar switch-US5881LUA
C om ponent size 1

- d i a m e te r X 3 / 1 6 "  th ick  discs

Operating tem p e ra tu re  range —50  to  150°C
Maximum input voltage 24V
Minimum input voltage 3.5V

O utput type Digital
M anufacturer Melexis Inc.
Table 7.12: Characteristics of  the  Hall Effect sensor

Ultrasonic Sensor

The LV-EZ1 Maxbotix Ultrasonic Rangefinder w as th e  type of ultrasonic sensor th a t  w e used for the 

-..n. purpose of our research. The sensor provides very short- to  long-range de tec tion . It can 

d e tec t  objects from O-inches to  254-inches (6.45-meters) and provides sonar range 

information from 6-inches ou t to  254-inches with 1-inch resolution. The interface o u tp u t  form ats  

included pulse width o u tpu t  (PWM), analog voltage o u tp u t  (Vcc/512 volts per inch), and  serial digital 

o u tp u t  (9600 baud) [48]. The analog o u tp u t  is used to  d e te rm in e  the  distance of th e  object. An o u tpu t
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analog voltage with a scaling factor of (Vcc/512) per inch and  a supply of 5V yields ~9.8mV/in. The 

o u tp u t  is buffered and corresponds to  th e  m os t-recen t  range data .

The benefits  o f  th e  LV-EZ1 Maxbotix Ultrasonic Rangefinder include, bu t a re  not limited to , th e  following 

[70]:

•  Acoustic and  electrical noise resistance;

•  Reliable and  stable range data;

•  Sensor dead  zone virtually gone;

•  Low cost;

•  Quality controlled beam  characteristics;

•  Very low pow er range, excellent for multiple senso r  or ba tte ry  based systems;

•  Can be triggered externally or  internally;

•  Sensor reports  th e  range reading directly, frees up  user processor;

•  Fast m easu rem en t  cycle;

•  User can choose any of th e  sensor ou tpu ts ;

•  No calibration requirem ent,  which is perfec t fo r  w hen objects  may be directly in fron t of th e  sensor 

during pow er up; and

•  Small size allows for easy mounting.

Table 7.13 provides a brief description of specifications for th e  ultrasonic sensor used  for this research.

Sensor type LV-MaxBotix-EZO
Sensor size 0.645" x 0.610"
RS232 serial 

o u tp u t
9600 pbs

Analog o u tp u t lOmV/inch
PWM o u tp u t 147 ps /inch
Power supply 2 .5 V -5 .5 V
M anufacturer MaxBotix

Table 7.13: Characteristics of  ultrasonic sensor
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A ppendix E: Pow er Supply

s~~—  In many countries, th e  house ou tle t  o p e ra te s  a t  a p ow er of 220V AC (Alternating Current), 

while in North America or in Canada th e  house o u tle t  o p e ra te s  a t  a pow er of 110V AC. 

11  f  Alternating current is very bad for 5V DC com ponents .  Therefore, the 110V AC or 220 AC must 

be converted  from a house ou tle t  to  a useable 5V DC. In o rd e r  to  convert th e  alternating 

cu rren t  from th e  house outlet to  a useable 5V DC, voltage regulators a re  required. The m ost com m on 5V 

DC voltage regulators are called LM 7805 with a pow er supply of 1 AMP with a to lera tion  level of  +/- 5%, 

which m eans the  voltage of 5V with a toleration level of  +/- 5% can yield results b e tw een  5.25 V to  4.75 

V, which is a major concern for th e  accuracy of th e  o u tp u t  for th e  sensors. LM 8705 is illustrated in 

Figure 7.8. LM 7805 provides circuit designers with a simple way to  regulate DC voltages to  5V. 

Summarized in a single chip/package (1C), th e  LM 7805 is a positive voltage DC regula tor th a t  has only 3 

terminals: input voltage, ground, and o u tp u t  voltage.

Even though th e  LM 7805s w ere  mainly designed for a fixed-voltage o u tp u t  (5V), it is in fact possible to 

use external com ponen ts  in o rder  to  obtain  DC o u tp u t  voltages of: 5V, 6V, 8V, 9V, 10V, 12V, 15V, 18V, 

20V, and 24V. Note th a t  th e  input voltage must, of course, be g re a te r  than th e  m andato ry  o u tp u t  

voltage, so th a t  it can be regulated dow nw ards.

General Features:

•  O utput curren t up to  1A

•  O utput voltages of 5V or higher

•  Thermal overload protection

•  Short circuit protection

•  O utput transistor safe operating area  protection
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For th e  accuracy of th e  ou tpu t  voltage, th e  noise coming in th e  input pin must be reduced. The easiest 

way to  help sm ooth  o u t  ripples is by using filtering capacitors. Electrolytic capacitors and  ceramic 

capacitors are  th e  tw o  types of capacitors w e used to  build th e  voltage regulator circuit.

Electrolytic capacitors: The tw o  examples of electrolytic capacitors a re  illustrated in Figure 7.5. The 

capacitors have storage of 10pF/50V, which m eans  it can w ithstand  up  to  50V. The capacitors  with 

storage of 100pF/16 can w ithstand up to  16V. They are polarized with a positive pin and a negative pin. 

The positive pin is a little bit longer than  th e  negative pin. The positive pin is connected  to  th e  input and 

10pF/16V is connected  to  th e  ou tpu t.  The negative pin is connected  to  ground.

1 0 n F / 5 0 V

Figure 7.5: Electrolytic capacitors (10pF/50V) and ceramic capacitor (100pF/6.3V)

Ceramic capacitors: are non-polarized capacitors operating  a t  a value of 100pF/6.3V. It has 2 pins and is 

no t positive or negative. Therefore, the  pins can be connected  in th e  breadboard  in any way.

Both capacitors are  required to  build th e  5V pow er supply because electrolytic capacitors are larger 

capacitors and are very slow in releasing their stored energy, while ceramic capacitors are  small and 

very fast in th e  delivery of their stored energy. So electrolytic capacitors can help maintain a declining 

voltage while ceramic capacitors can help contain higher frequency noise and shorter  pow er dips.
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Capacitors cannot deliver their stored  en ergy  instantaneously . Larger caps (lOuF and lOOuF) 

store  m ore energy, but th ey  react m o re  slowly. The smaller th e  capacitor, th e  faster  it can deliver 

its stored  energy. If you have  a large p o w er  o u tag e  (p ow er  dips for 1 0 -1 0 0 m s) ,  a big cap (lOOuF 

to  lOOOuF) will help 'hold up' th e  falling voltage. A sm aller cap  (O.luF) will help  su pp ress  higher  

frequency noise  and shorter p o w er  dips (noise  in th e  l u s  to  lOOus range). T herefore, O.luF caps  

are located near th e  microcontroller to  help with short bursts, w here  lOOuF and lOuF caps are 

used on th e  p ow er  rails [71].

Battery

The battery  supplies pow er to  th e  rem ote  station. It is a 5 voltage pow er source for th e  circuit. The 

pow er can be supplied to  th e  rem ote  system through 9V regula ted  DC wall-pow er a d a p te r  o r  9V 

battery.

9V Battery

9V Battery 
Clip

Figure 7.6: Battery with 9V regulated DC wall-power a d a p te r  and 9V ba tte ry  clip
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Appendix F: Testing

The testing sensors s teps are as follows:

• Testing Temperature Sensor: The tem p e ra tu re  sensor th a t  w e used for th e  study com es in a 

"TO-92" package, which m eans th a t  the  chip is housed in a plastic hemi-cylinder with th ree  pin 

terminals: input, ou tput,  and ground. The pins can be ben t easily to  allow th e  sensor  to  be 

plugged into a breadboard  or can also be soldered to  th e  pins to  connect long wires. Figure 7.7 

(Figure 8.3 A) illustrates the  tem p e ra tu re  sensor th a t  w as used for th e  study.

«
Input Pin G round

O u tp u t  Pin

Figure 8.3 A: TM P36 Temperature
Figure 8.3 B: TM P36 Temperature connected to 

M ulti-meter

Figure 7.7: TMP36 T em peratu re 19

W e tes ted  the  tem p era tu re  sensor using different techniques and tools such as a soldering iron, air 

conditioner, and an ice cube.

19 Figure 8.3B is from Adafruit w ebsite ,  source: h ttp : //w w w .la d v a d a .n e t / lea rn /sen so rs / tm p 3 6 .h tm l

http://www.ladvada.net/learn/sensors/tmp36.html


Testing Temperature sensor using soldering iron: The soldering iron th a t  w e used to  tes t  

tem p e ra tu re  level of th e  sensor is a "pen-style" soldering iron; this 

soldering iron is shown to  th e  right o f  th e  text. The plug for th e  iron is
V  '

110 US-style and can only be used in 110V countries, such as USA and 

Canada. The iron also com es with a very simple flip-up stand, which is only marginally useful. 

Testing the functionality o f Temperature sensor: Once th e  soldering iron w as plugged in and 

hea ted  up, it was placed close to  bu t no t as close to  touch th e  sensor, so th a t  it could not cause 

th e  sensor to  melt. The heating soldering iron allows th e  te m p e ra tu re  to  increase gradually; 

th rough m ulti-m eter and LCD w e observed th a t  th e  tem p e ra tu re  reading w as increasing 

gradually. However, we stopped  raising th e  tem p era tu re  w h en  it reached 30 deg rees  Celsius 

because we set a buzzer to  go off a t  th a t  tem pera tu re .

In addition to  using a soldering iron to  te s t  th e  functionality of the sensor,  w e  also held the 

sensor using our fingers as shown on figure 7.8 (Figure 8.5A) to  observe any change in the 

tem p era tu re .

We also used a piezo buzzer set to  go off w hen  th e  te m p e ra tu re  reading reached  30 degrees  

Celsius o r  higher and also when th e  tem p e ra tu re  reading d ro pped  below 15 d eg rees  Celsius. 

Testing Temperature sensor using an ice cube: The o th e r  tes ting  we used was an ice cube, as 

illustrated in figure 7.8 (Figure 8.5B). We pressed th e  ice cube against th e  sensor. The ice cube 

was carefully covered by a plastic bag to  prevent w a te r  from getting on th e  circuits. We 

observed over the m ulti-m eter th a t  the  tem p era tu re  w as dropping gradually.



Figure 8.5A - T em perature Sensor connected  to  |  Figure 8.5B - Temperature Sensor connected to 
m ulti-m eter to  te s t  tem p era tu re  level w hen |  m ulti-m eter to test dropping in tem p era tu re  using  
tem pera tu re  sensor covered by figures i an ice cube

Figure 7.8: Testing T em pera tu re  Sensor using an  ice cube20

•  Testing tem perature sensor after connection: After connecting th e  com ponent,  w e applied the

sam e above testing to  th e  sensor  to  de term ine  its functionality. Not only w ere  we able g a th er  

data  using th e  multi-meter, but we w ere  also able to  use LCD and  X-CTU softw are  to  te s t  the 

sensor this time.

•  Testing Photocell (Light) Sensor: The sensor w e used fo r the  research is non-polarized jus t  like

basic resistors. It has a two-pin terminal tha t  can be connected  in m easu rem en t m ode to  the

tw o leads up in "either way" of pins to  a multi-m eter in resistance, as illustrated in Figure 7.9 

(Figure 8.7A). We then  observed on th e  multi-m eter how  th e  resistance changes w hen  shading 

th e  sensor with o u r  hand or turning o n /o ff  lights of th e  room. This light senso r  te s t  indicated the 

functionality level o f  the  sensor.

•  Testing Photocell (black object) Sensor:

20 The im ages o f  th e  Figure 7 .8  is from Adafruit w ebsite:  h ttp : //w w w .la d v a d a .n e t / lea rn /sen so rs / tm p 3 6 .h tm l

http://www.ladvada.net/learn/sensors/tmp36.html
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•  The tes t  was also d one  by covering th e  sensor with a black object,  such as show n in Figure 7.9 

(Figure 8.7B). Since th e  m ulti-m eter resistance changes a lot, we used an auto-ranging m ete r .  It 

worked well here. Different ranges of resistances b e tw e en  1MQ and 1KO w ere  also used to  tes t  

th e  functionality of th e  sensor.

•  Testing Pho to  cell (Light) s en so r  a f te r  connection

•  The res t  o f  th e  sensors :  The remaining sensors a re  Ultrasound, Hall Effect, (Magnetic) motion, 

and humidity sensor and w ere  tes ted  by the  connection  of th e  System. Once connected ,  the 

sam e testing was d o n e  to  th e  sensor to  d e te rm in e  its functionality.

Figure 8.7A: Photo cell sensor connected to multi-meter to f  Figure 8.7B: Photo cell sensor covered with black object 
detect light '% to test the functionality o f  the sensor

Figure 7.9: Detecting light using m ulti-m eter21

21 Source o f  th e  Figure 7.9 is from Adafruit w ebsite: h ttp : //w w w .la d v a d a .n e t / lea rn /se n so r s / tm p 3 6 .h tm l

http://www.ladvada.net/learn/sensors/tmp36.html
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A ppendix G: Proton IDE

t k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k

* Name : T h e s i s  P r o to n  Code
k

* A u t h o r :  Rudhwan I s s a
k

'*  N o t i c e :  C o p y r i g h t  (c) 2012
k

' *  ; A l l  R i g h t s  R e s e r v e d
* k

' *  Date  : 3 0 / 0 3 / 2 0 1 2
i  *

' *  V e r s i o n ; 1 . 0
» k

' *  N o t e s
» k

'*  p u r p o s e :  t h e  p u r p o s e  o f  t h i s  code  t h a t  can d i s p l a y  s e n s o r s  v a l u e s  on LCD 
»*

and PC S c r e e n . The t e m p e r a t u r e  s e n s o r  b u z z e r  t h e  t e m p e r a t u r e  d r o p* k 
1 k

' * t o  15 o r  i n c r e a s e s  ab o v e  30 C d e g r e e s .  The s e n s o r s  a r e  c o n s i s t i n g  o f
k

'*  t e m p e r a t u r e ,  h u m i d i t y ,  l i g h t ,  u l t r a s o n i c ,  m o t i o n ,  m a g n e t i c ,  and  b u z z e r
k

I k  k

* k

k

'*  C o n n e c t i o n :  t h e  c o n n e c t i o n  o f  t h e  s e n s o r s  t o  t h e  PIC 16F876 i s  a s  f o l l o w :
k

r k

k

f k

k

t k

k

* k

k

'*  l i g h t  c o n n e c t  t o  p i n  5:
k

’ * m a g n e t i c  c o n n e c t  t o  p i n  14:
k

I k

k

* k

k

I k

T e m p e r a tu r e  c o n n e c t s  t o  p i n  2:  

u l t r a s o n i c  c o n n e c t  t o  p i n  3:  

h u m i d i t y  c o n n e c t s  t o  p i n  4:

m o t i o n  c o n n e c t s  t o  p i n  15: 

b u z z e r  c o n n e c t s  t o  p i n  24:

LCD c o n n e c t s  t o  p i n  2 2 ,  2 3 ,  and 24:

• k

k

t k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k  

k k k k  k

' BUTTON Command f o r  t h e  PROTON b o a r d
' D e m o n s t r a t e s  m u l t i p l e  BUTTON commands. Each o f  3 b u t t o n s  t o g g l e s  an LED.
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' Hold  a b u t t o n  f o r  1 s e c o n d  and  t h e  LED w i l l  f l i c k e r  ( a u t o - r e p e a t )

Device = 16F876 
XTAli = 20
ALL_DIGITAL = TRUE
TRISC = %11111110 
TRISB = %00001000 
TRISA =
ADCON1 = %10000010 
ADIN_RES 10 
ADIN_TAD FRC 
ADIN STIME 100

' S e l e c t  M i c r o c o n t r o l l e r  
’S e l e c t  C l o c k  f r e q u e n c y  20MHz 
'Make A l l  l i n e s  d i g i t a l  a s  we a r e  n o t  
' g o i n g  t o  u s e  A n a l o g

Print Cls
9
' *  V a r i a b l e  d e c l a r a t i o n  *
I * ' k i k ' k ' k ' k ' k ' k i c * - k ' k ' k i r 1 c ' * j r - k - k ' k ' k 1 c ' k ' k ' k ' k ' k ' k - k i c ' k ' ' k - k i c ' k ' f c - t r ' t r ' k ' k ' j ? ' k ' t r ' k ' k - k - t r j f ' k j i r - k ' k - f r j c i e i i : i t : - f c i r i i c - / c i c 1 c ' f c

Symbol led = PORTC.O
Dim raw As Word
Dim rawl As Word
Dim raw2 As Word
Dim raw4 As Word
Dim v As Float 
Dim light As Float 
Dim RH As Float 
Dim distance As Float
PORTB PULLUPS = Off

crea  
(0 t o  
crea  

(0 t o  
crea  

(0 t o  
crea  

(0 t o  
crea  
crea  
crea  
crea

t e  an 32- 
65535)  

t e  an 32- 
65535)  

t e  an 32- 
65535)  

t e  an 32- 
65535)  

t e  an 32- 
t e  an 32- 
t e  an 32- 
t e  an 32-

u n s i g n e d  v a r i a b l e  

u n s i g n e d  v a r i a b l e  

u n s i g n e d  v a r i a b l e

■bi t  

■bi t  

b i  t

b i t  uns i g n e d  v a r i a b l e

b i t  f l o a t i n g  p o i n t  v a r i a b l e  
■bit f l o a t i n g  p o i n t  v a r i a b l e  
b i t  f l o a t i n g  p o i n t  v a r i a b l e  
b i t  f l o a t i n g  p o i n t  v a r i a b l e

' *  LCD d e c l a r a t i o n  t o  PORTB o f  PIC 16F876 *

Declare LCD_DTPIN PORTB.4 
Declare LCD_ENPIN PORTB.0 
Declare LCDJRSPIN PORTB.1 
Declare LCD_INTERFACE 4 
Declare LCD_LINES 2 
Print $FE,1 
Print $FE,2
Symbol Pizo = PORTB.2 
Output Pizo
DelayMS 1000
Cls

d e f i n e d  P i z o  and  e q u a t e  t o  PORTB.2 
make P i z o  o u t p u t

d e l a y  f o r  1 s e c o n d

C l e a r s  t h e  t e x t
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' *  i n i t i a l i z i n g  a s y n c h r o n o u s  *

HSERIALJBAUD = 9 6 0 0  ' S e t  b a u d  r a t e  t o  9600
HSERIAL_RCSTA = % 1 0 0 1 0 0 0 0  ' E n a b l e  s e r i a l  p o r t  and

’C o n t i n u o u s  r e c e i v e  
' HSERIAL_TXSTA = %00110000 ' E n a b l e  t r a n s m i t  and a s y n c h r o n o u s  mode
HSERIAL_TXSTA = % 0 0 1 0 0 0 0 0  ' E n a b l e  t r a n s m i t  and  a s y n c h r o n o u s  mode
HSERIAL_CLEAR = On ' O p t i o n a l l y  c l e a r  t h e  b u f f e r

' B e f o r e  r e c e i v i n g  
’HSERIAL_PARITY = ODD ’ Use i f  odd  p a r i t y  d e s i r e d

* *  *

^ - k - k - k ' k ' k ' k ' k ' k - k ' k ' k ' k - k ' k ' k ' k ' k ' k ' k ' k ^ r ' k i t ' k i c ' k ' k ' k ' k ' k ' k ' k ' k - k ' k ' k ' k - k ' k - k i t ' k ' k - k i t - k - k ' k ' k - k ' k i r ' k ' k - k ' k ' k ' k ' k ' k ' k ' k ' k i e

l o o p :

HRSOut
HRSOut
HRSOut

Data c o l l e c t e d 13

13 ' *  d i s p l a y  t h e
' S t a t e m e n t  on PC s c r e e n  
' * d i s p l a y  t h e  

' S t a t e m e n t  on PC s c r e e n  
13 ' *  d i s p l a y  t h e

' S t a t e m e n t  on PC s c r e e n

' *  temp s e n s o r  c a l c u l a t i o n  *

raw = ADIn 0 ' / /  a s s i g n  p i n  2 o f  PIC 16F876 t o  o u t p u t
' V o l t a g e  (raw) 

v= (5*raw) *1000 " / /
v=v/1023  
v=v-500 
v=v/10

If v >= 30 Then ' i f  t h e  t e m p e r a t u r e  i s  30 o r  g r e a t e r  b u z z e r
Sound P i z o ,  [100,  50,  110,  50,  90 , 100]
DelayMS 50 

End If
If v <= 15 Then ’I f  t h e  t e m p e r a t u r e  i s  15 o r  l e s s  b u z z e r
Sound P i z o ,  [100,  50,  110,  50,  90 , 100]
DelayMS 50 

End If
DelayMS 500 ' d e l a y  f o r  0 . 5  s e c o n d

Print At 2 , 1 ,  "Temp = " , Dec v , " C " 
HRSOut " T e m p e r a t u r e  = " , Dec v , " C",  13

DelayMS 1000 ' d e l a y  f o r  1 s e c o n d
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' *  ' U l t r a s o n i c  s e n s o r  c a l c u l a t i o n  *

r aw l  = ADIn 1 ' a s s i g n  p i n  3 o f  PIC 16F876 to  O u t p u t
' V o l t a g e  ( rawl)
' U l t r a s o n i c  s e n s o r  c a l c u l a t i o n

d i s t a n c e  = r a w l / 1 . 9 9 8

Print At 1 , 1 ,  " D i s t a n c e : ",  Dec d i s t a n c e ,  " I n c h "  
HRSOut " D i s t a n c e :  = ” , Dec d i s t a n c e ,  " I n c h " ,  13

DelayMS 1000 ' d e l a y  f o r  1 s e c o n d

Print $FE,  1 
Print $FE,  2

* - * r - k - k - t r * ' 1 r - f c - k - k - k - f i r ' k - k j i : - k - k i r - k i c - k ' k ' k - k ' k - * : * - f r - k * * - * ' - k - k ' k j c * ' k * ' k ' k - * r - k ' t r * * - f c - t r 1 c j r j ( i i r i i : i e i r - k i i ; ' f r i i r j c * 1 r i i : i i r i i r

’ * h u m i d i t y  s e n s o r  c a l c u l a t i o n  *

raw2 = ADIn 2 ' a s s i g n  p i n  3 o f  PIC 16F876 to
'O u tp u t  v o l t a g e  (raw2)

RH = ( 5 / 1 0 2 3 ) *raw2 ’RH = 5*raw /1023
RH = RH*100 ’RH = RH*100 m u l t i p l y  b y  100 t o  g e t

' i n  p e r c e n t

Print At 2,  1 , " H u m i d i t y : ",  DEC2 RH, "%" ' d i s p l a y  h u m i d i t y  on
'm essage  on 

’LCD s c r e e n
HRSOut " Hu mi d i t y :  = ” , Dec RH, 13 ' d i s p l a y  l i g h t  on

'm essage  on 
'PC s c r e e n

DelayMS 1000 ' d e l a y  f o r  1 s e c o n d

1 i r - k T l r * ' k J r - A ' k - 1 i r - k ' k * r * ' k ' k * - * - - A * ' * ’ ' k * i k - * - * r - A ’ - A - k - k * - t r ' k * - k - k ' k ' k * - k ' k ' k ' k j r ' k 1 i r - A r ' k i r J i r 1 c ' k i r - k 1 t - f c i i r i r T k 1 c i c T k i i c * T t i r

’ * l i g h t  s e n s o r  c a l c u l a t i o n  *
I * * * * * * * * * * * * * * * * * * * * * * * * * * - * * * * - * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

raw3 = ADIn 3 ' a s s i g n  p i n  4 o f  PIC 16F876 To O u tpu t  v o l t a g e  (raw3)
l i g h t = ( 5 / 1 0 2 3 ) *raw3

If l i g h t  >=3 Then
Print At 1 , 1 , " L i g h t  on:  ",  DEC2 l i g h t  ' d i s p l a y  l i g h t  on m e s s a g e  on

'LCD s c r e e n  i f  t h e  l i g h t  v a l u e  
' i s  3 o r  g r e a t e r

HRSOut " l i g h t  on = " , Dec l i g h t  , 13 ' d i s p l a y  l i g h t  on m e s s a g e  on
'PC s c r e e n  i f  t h e  l i g h t  v a l u e  
' i s  3 o r  g r e a t e r

DelayMS 500
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Else If l i g h t  >=2 Then
Print At 1,  1 , "Dim L i g h t :  ",  DEC2 l i g h t  ' d i s p l a y  Dim l i g h t  on m e s s a g e  on

HRSOut "Dim L i g h t  = " , Dec l i g h t ,  13

DelayMS 500 

Else

'LCD s c r e e n  i f  t h e  l i g h t  v a l u e  
' i s  2 o r  g r e a t e r  

’ d i s p l a y  Dim l i g h t  on m e s s a g e  on 
'PC s c r e e n  i f  t h e  l i g h t  v a l u e  
' i s  2 o r  g r e a t e r  
' d e l a y  f o r  0 . 5  s e c o n d

Print At 1 , 1 , " L i g h t  o f f :  ",  DEC2 l i g h t  
HRSOut " L i g h t  o f f  = " , Dec l i g h t  , 13

Endlf 
DelayMS 1000 ' d e l a y  f o r  1 s e c o n d

& 
t * m a g n e t i c  s e n s o r  c a l c u l a t i o n

* *

DelayMS 1000 ' d e l a y  f o r  1 s e c o n d

I f  PORTC.3= 0 Then
Print At 1, 1 , "  Door i s  L o c k e d . . "  ' d i s p l a y  "door  i s  l o c k e d "

'm e s s a g e  on LCD s c r e e n  
' d i s p l a y  "Door i s  l o c k e d  
'm e s s a g e  on PC s c r e e n

HRSOut "Door  i s  L o c k e d . . "  , 13

DelayMS 500 
Else

Print At 1 , 1 , "  Door i s  u n l o c k e d . . "  ' d i s p l a y  "door  i s  u n l o c k e d "
'm e ssage  on LCD s c r e e n  

HRSOut "Door  i s  u n l o c k e d . . " , 13 ' d i s p l a y  "Door i s  u n l o c k e d "

DelayMS 500
Print $ F E , 1 
Print $ F E , 2 

Endlf

'm essage  on PC s c r e e n  
' d e l a y  f o r  0 . 5  s e c o n d

’ * m o t i o n  s e n s o r  c a l c u l a t i o n  *

If PORTC.4=1 Then
Print At 1 , 1 , " Mot i on  d e t e c t e d . . "  ’ * D i s p l a y  m o t i o n  d e t e c t e d

'*  m e s s a g e  on LCD s c r e e n  
HRSOut " Mot i on  d e t e c t e d  . .  " , 13 ' *  d i s p l a y  m o t i o n  d e t e c t e d

' *  m e s s a g e  on PC s c r e e n
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Print $ F E , 1 
Print $ FE , 2

Endlf

GoTo l o o p  
End
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Appendix H: Matlab

% T i t l e

% A u t h o r  

? U n i v e r s i t y  

% N o t i c e

■- Date  

i  Not e s

T h e s i s  M a t l a b  Code t o  a n a l y s e s  c o l l e c t e d  d a t a  a t  5
p r o t o t y p e  a p a r t m e n t  ?

Rudhwan I s s a  %

C a r l e t o n  U n i v e r s i t y  ;

C o p y r i g h t  (c) 2012 Rudhwan
A l l  r i g h t  r e s e r v e d  h

30 F e b r u a r y  2012 ;

The g o a l  o f  t h e  T h e s i s  M a t l a b  code  i s  t o  a n a l y s e s  o u r  ;
c o l l e c t e d  a t  d i f f e r e n t  l o c a t i o n s  (washroom,  k i t c h e n ,  ‘
l i v i n g  room,  a nd  b a l c o n y )  and  a p p l i a n c e s  ( f r i d g e ,  ^
s t o v e ,  and  o t h e r  a p p l i a n c e s )  o f  ou r  p r o t o t y p e  a p a r t m e n t

% D u r a t i o n  f o r  t h e  c o l l e c t i n g  t h e  d a t a
1 > 3 > 3 3 3 3 3 > 3 3 3 3 i '2- 
 ̂%

Number = [ 1 : 1 : 5 ] ;

, c Cj. ■ o. c. q.

T e m p e r a t u r e  Data  f o r  washroom,  f r i d g e ,  k i t c h e n ,  l i v i n g  room,  and  
o u t s i d e  a t  b a l c o n y  o f  t h e  a p a r t m e n t

T e m p e r a t u r e  = 
T e m p e r a t u r e l  = 
T e mp e r a t u r e 2  = 
T e m p e r a t u r e 3  = 
T e mp e r a t u r e 4  =

[ 2 3 . 802 ,  2 5 . 2 6 8 ,  2 2 . 8 2 5 ,  2 4 . 7 8 0 ,  2 2 . 8 2 5 ] ;  
[ 3 . 27 4 ,  1 1 . 5 8 4 ,  7 . 6 7 3 ,  1 1 . 5 8 4 ,  8 . 6 5 1 ] ;  
[ 2 2 . 82 5 ,  2 4 . 7 8 0 ,  2 6 . 2 4 6 ,  2 5 . 7 5 7 ,  2 6 . 4 0 9 ] ;  
[ 2 3 . 31 3 ,  6 . 6 9 5 ,  2 3 . 8 0 2 ,  - 3 . 5 6 7 ,  2 2 . 8 2 5 ] ;  
[ - 2 . 1 0 1 ,  - 4 . 5 4 5 ,  4 . 7 4 0 ,  4 . 5 7 8 ,  - 4 . 5 4 5 ] ;

% washroom Temp 
* f r i d g e  Temp 
\ k i t c h e n  Temp 
% l i v i n g  room 
4 o u t s i d e  Temp

Humi d i t y  Data  f o r  washroom,  f r i d g e ,  k i t c h e n ,  l i v i n g  room, and  o u t s i d e *  
a t  b a l c o n y  o f  t h e  a p a r t m e n t  *

. Q. G, O C„ ■' Ci o. c>. ■

Hu m i d i t y  = [ 2 6 . 39 2 ,  8 6 . 53 2 ,  3 2 . 2 5 8 ,  8 0 . 1 5 6 ,  2 2 . 4 8 2 ] ;  
H u m i d i t y l  = [ 8 . 79 7 ,  4 6 . 43 2 ,  1 0 . 26 3 ,  5 2 . 78 5  8 . 3 8 8 ] ;
Humi d i t y2  = [ 2 3 . 46 0 ,  2 3 . 9 4 9 ,  2 5 . 9 0 4 ,  2 8 . 5 7 2 ,  2 3 . 9 4 9 ] ;
Humi d i t y3  = [ 2 5 . 90 4 ,  4 3 . 01 0 ,  3 1 . 2 8 0 ,  4 1 . 5 4 4 ,  2 4 . 9 2 6 ] ;
Humi d i t y4  = [ 7 6 . 24 6 ,  5 1 . 80 8 ,  6 7 . 9 3 7 ,  4 4 . 4 7 7 ,  4 3 . 9 8 8 ] ;

s hower  H u m i d i t y  
f r i d g e  Hu m i d i t y  
k i t c h e n  Hu m i d i t y  
l i v i n g  room 
o u t s i d e  Humid

L i g h t  Data  f o r  washroom,  f r i d g e ,  k i t c h e n ,  l i v i n g  room,  and o u t s i d e  a t c 
b a l c o n y  o f  t h e  a p a r t m e n t

o O O c 0 O

L i g h t  = [ 0 . 03 ,  0 . 0 3 ,  3 . 0 7 ,  3 . 0 7 ,  0 . 0 2 ] ;  
L i g h t l  = [ 0 . 0 6 ,  0 . 0 6 ,  4 . 4 6 ,  4 . 4 8 ,  0 . 0 6 ] ;

L i g h t  d a t a  a t  washroom 
L i g h t  d a t a  a t  f r i d g e
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L i g h t 2  = [ 0 . 0 2 ,  0 . 0 2 ,  2 . 2 7 ,  2 . 2 7 ,  0 . 0 3 ] ;  * L i g h t  d a t a  a t  k i t c h e n
L i g h t 3  = [ 0 . 2 9 ,  0 . 2 9 ,  3 . 2 2 ,  3 . 2 2 ,  0 . 2 2 ] ;  » L i g h t  d a t a  a t  l i v i n g  room
L i g h t 4  = [ 0 . 16 ,  0 . 1 6 ,  4 . 3 1 ,  4 . 3 1 ,  0 . 1 6 ] ;  % L i g h t  d a t a  a t  o u t s i d e

% Occupan t  m o t i o n  d e t e c t  d a t a  a t  washroom,  k i t c h e n ,  a n d  l i v i n g  room 1

m o t i o n  = [ 0 . 03 ,  0 . 0 3 ,  1 . 0 7 ,  1 . 0 7 ,  0 . 0 2 ] ;  % Data  f o r  t h e  washroom
m o t i o n l  = [ 0 . 0 2 ,  0 . 0 2 ,  1 . 0 7 ,  1 . 0 7 ,  0 . 0 3 ] ;  % Data  f o r  t h e  k i t c h e n
mo t i o n 2  = [ 0 . 2 9 ,  0 . 2 9 ,  1 . 0 8 ,  1 . 0 8 ,  0 . 2 9 ] ;  % Data  f o r  t h e  l i v i n g  room

% c o l l e c t e d  d a t a  f o r  t h e  d o o r  o f  t h e  f r i d g e ,  ma i n ,  a nd  b a l c o n y  o f  t h e  4 
% a p a r t m e n t  1

d o o r l  = [ 0 . 0 6 ,  0 . 0 6 ,  1 . 08 ,  1 . 0 8 ,  0 . 0 6 ] ;  % Data  f o r  t h e  f r i d g e
doo r 2  = [ 0 . 0 2 ,  0 . 0 2 ,  1 . 0 ,  1 . 0 1 ,  0 . 0 3 ] ;  i  Data  f o r  t h e  mai n  d o o r
doo r 3  = [ 0 . 0 3 ,  0 . 0 3 ,  1 . 04 ,  1 . 0 4 ,  0 . 0 2 ] ;  % Data  f o r  t h e  b a l c o n y  do o r

c« Name : Code f o r  washroom d a t a  b e f o r e ,  d u r i n g ,  and a f t e r  *
% : shower  *

% P u r p o s e  : The g o a l  o f  t h e  code  i s  t o  a n a l y z e  d a t a  c o l l e c t  a t  %
% : washroom %

% R e t u r n  : The code  r e t u r n s  g r a p h s  f o r  l i g h t ,  t e m p e r a t u r e ,  %
% : h u m i d i t y ,  a nd  m o t i o n  o f  t h e  u s e r  i n  t h e  washroom %

i  F i g u r e  1 washroom

1 p l o t  f o r  t e m p e r a t u r e  o f  washroom I

f i g u r e  % d i s p l a y  f i g u r e  on t h e  window
s u b p l o t ( 2 , 2 , 1 )  % p o s i t i o n  p l o t  t o  2 , 2 , 1 ,  o f  t h e  window
p l o t ( N u m b e r ,  T e m p e r a t u r e )  1 o u t p u t  t h e  t e m p e r a t u r e  g r a p h
y l a b e l  ( ' T e m p e r a t u r e ' )  1 y -  a x i s
x l a b e l ( ' M i n u t e s ' )  1 x -  a x i s
t i t l e  ( 'Washroom T e m p e r a t u r e ' )  % t i t l e  o f  t h e  f i g u r e
h o l d  on

o c o c

% p l o t  f o r  h u m i d i t y  o f  washroom *

s u b p l o t ( 2 , 2 , 2 )  % p o s i t i o n  p l o t  t o  2 , 2 , 2 ,  o f  t h e  window
p l o t ( N u m b e r , H u m i d i t y , ' g r e e n ' )  t o u t p u t  t h e  h u m i d i t y  g r a p h
y l a b e l  ( ' H u m i d i t y ' )  1 y -  a x i s
x l a b e l ( ' M i n u t e s ' )  1 x -  a x i s
t i t l e  ( 'Washroom H u m i d i t y ' )  t  t i t l e  o f  t h e  f i g u r e
h o l d  on

1 p l o t  f o r  l i g h t  o f  washroom



subplot(2,2,3)
plot(Number, Light, ' r e d ' )
ylabel ( ' L i g h t ' )
xlabel( ' M i n u t e s ' )
title ( 'Washroom L i g h t ' )
hold on

p o s i t i o n  p l o t  t o  2 , 2 , 3 ,  o f  t h e  window 
t o u t p u t  t h e  l i g h t  g r a p h  
y -  a x i s  
x -  a x i s
t i t l e  o f  t h e  f i g u r e

p l o t  f o r  m o t i o n  i n  washroom

subplot(2,2,4)
plot(Number, motion, ' r e d ' )
ylabel ( ' L i g h t ' )
xlabel( ' M i n u t e s  ' )
title ( ' human M o t i o n ' )
hold on

% p o s i t i o n  p l o t  t o  2 , 2 , 4 ,  o f  t h e  window 
I o u t p u t  t h e  m o t i o n  g r ap h  

% y -  a x i s  
% x -  a x i s
I t i t l e  o f  t h e  f i g u r e

. c, q. Cj. o g. c-. c

c* Name

% Pu r p o s e

R e t u r n

Code f o r  f r i d g e  d a t a  b e f o r e ,  d u r i n g ,  a nd  a f t e r  t h e  
f r i d g e  d oo r  was c l o s e d

The g o a l  o f  t h e  t h i s  code  i s  t o  a n a l y z e  t h e  d a t a  
c o l l e c t  a t  t h e  f r i d g e

The code  r e t u r n s  g r a p h s  f o r  l i g h t ,  t e m p e r a t u r e ,  and 
h u m i d i t y  o f  t h e  f r i d g e

t F i g u r e  2 F r i d g e

i p l o t  f o r  t e m p e r a t u r e  o f  t h e  f r i d g e

figure
subplot(2,2,1)
plot(Number,Temperaturel)
ylabel ( ' T e m p e r a t u r e ' )
xlabel( ' M i n u t e s ' )
title ( ' F r i d g e  T e m p e r a t u r e ' )
hold on

d i s p l a y  f i g u r e  on window 
p o s i t i o n  p l o t  t o  2 , 2 , 1 ,  of  t h e  window 
o u t p u t  t h e  t e m p e r a t u r e  g r aph  
y -  a x i s  
x -  a x i s
t i t l e  o f  t h e  f i g u r e

p l o t  f o r  h u m i d i t y  o f  f r i d g e

subplot(2,2,2)
plot(Number,Humidityl, ' g r e e n ' )  
ylabel ( ' H u m i d i t y ' )  
xlabel( ' M i n u t e s ' )  
title ( ' F r i d g e  H u m i d i t y ' )  
hold on

p o s i t i o n  p l o t  t o  2 , 2 , 2 ,  o f  t h e  window 
o u t p u t  t h e  h u m i d i t y  g r aph  
y -  a x i s  
x -  a x i s
t i t l e  o f  t h e  f i g u r e
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subplot(2,2, 3)
plot(Number,Lightl, ' r e d ' )
ylabel ( ' L i g h t ' )
xlabel( ' M i n u t e s ' )
title ( ' F r i d g e  L i g h t ' )
hold on

i  p o s i t i o n  p l o t  t o  2 , 2 , 3 ,  o f  t h e  window 
% o u t p u t  t h e  l i g h t  g r a p h  
t y -  a x i s  
i  x -  a x i s
t t i t l e  o f  t h e  f i g u r e

p l o t  f o r  m a g n e t i c  s e n s o r  f r i d g e  door
COCO'

subplot(2,2,4) % p o s i t i o n  p l o t  t o  2 , 2 , 4 ,  o f  t h e  window
plot(Number,doorl, ' r e d ' )  % o u t p u t  t h e  f r i d g e  d o o r  g r a p h
ylabel ( ' F r i d g e  Do o r ' )  1 y -  a x i s
xlabel( ' M i n u t e s ' )  % x -  a x i s
title ( ' F r i d g e  Door D e t e c t e d ' )  % t i t l e  o f  t h e  f i g u r e
hold on

Name
c, '5- 0. Z o 'c o 'c '

. o. c. o. o. g , c.
Code f o r  k i t c h e n  d a t a  b e f o r e ,  d u r i n g ,  a nd  a f t e r  t h e  
a c t i v i t i e s  o f  t h e  o c c u p a n t  i n  k i t c h e n

P ur pos e The g o a l  o f  t h e  code  i s  t o  a n a l y z e  d a t a  c o l l e c t  a t  
k i t c h e n

% R e t u r n The code r e t u r n s  g r a p h s  f o r  l i g h t ,  t e m p e r a t u r e ,  
h u m i d i t y ,  a nd  m o t i o n  o f  t h e  u s e r  i n  t h e  k i t c h e n

F i g u r e  3 K i t c h e n  Graph

p l o t  f o r  t e m p e r a t u r e  o f  k i t c h e n

figure
subplot(2,2, 1)
plot(Number,Temperature2)
ylabel ( ' T e m p e r a t u r e ' )
xlabel( ' M i n u t e s ' )
title ( ' K i t c h e n  T e m p e r a t u r e ' )
hold on

1 D i s p l a y  f i g u r e  on window 
% p o s i t i o n  p l o t  t o  2 , 2 , 1 ,  o f  t h e  window 
% o u t p u t  t h e  t e m p e r a t u r e  g r a p h  
1 y -  a x i s  
1 x -  a x i s
% t i t l e  o f  t h e  f i g u r e

% p l o t  f o r  h u m i d i t y  o f  k i t c h e n  

subplot(2,2,2)
plot(Number,Humidity2, ' g r e e n ' )  
ylabel ( ' H u m i d i t y ' )  
xlabel( ' M i n u t e s ' )  
title ( ' K i t c h e n  H u m i d i t y ' )  
hold on

p o s i t i o n  p l o t  t o  2 , 2 , 2 ,  o f  t h e  window 
o u t p u t  t h e  h u m i d i t y  g r aph  
y -  a x i s  
x -  a x i s
t i t l e  o f  t h e  f i g u r e

* p l o t  f o r  l i g h t  o f  k i t c h e n  

subplot(2,2,3) p o s i t i o n  p l o t  t o  2 , 2 , 3 ,  o f  t h e  window
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plot(Number,Light2, ' r e d ' )  
ylabel ( ' L i g h t ' )  
xlabel( ' M i n u t e s ' )  
title ( ' K i t c h e n  L i g h t ' )  
hold on

o u t p u t  t h e  l i g h t  g r a p h  
y -  a x i s  
x -  a x i s
t i t l e  o f  t h e  f i g u r e

■ t a ; c o  ■

% p l o t  f o r  m o t i o n  i n  k i t c h e n  

subplot(2,2,4)
plot(Number,motion2,' m a g e n t a ' )  
ylabel ( ' M o t i o n ' )  
xlabel( ' M i n u t e s ' )  
title ( ' K i t c h e n  M o t i o n ' )  
hold on

p o s i t i o n  p l o t  t o  2 , 2 , 4 ,  o f  t h e  window 
o u t p u t  t h e  m o t i o n  g r a p h  
y -  a x i s  
x -  a x i s
t i t l e  o f  t h e  f i g u r e

Name

Pur pos e

R e t u r n

^ o. o o o c  o c  c

Code f o r  d a t a  c o l l e c t e d  a t  t h e  l i v i n g  room

The g o a l  o f  t h e  code  i s  t o  a n a l y z e  d a t a  c o l l e c t  a t  
l i v i n g  room

The code  r e t u r n s  g r a p h s  f o r  l i g h t ,  t e m p e r a t u r e ,  
h u m i d i t y ,  and  m o t i o n  o f  t h e  u s e r  i n  t h e  l i v i n g  room

% F i g u r e  4 l i v i n g  room g r a p h  

% p l o t  f o r  t e m p e r a t u r e  o f  l i v i n g  room
. o  c. i  o c o r .  Q. O. n C

figure
subplot(2,3,1) 
plot(Number,Temperature3) 
ylabel ( ' T e m p e r a t u r e ' )  
xlabel( ' Mi n u t e s  ' )

D i s p l a y  f i g u r e  on window 
p o s i t i o n  p l o t  t o  2 , 3 , 1 ,  o f  t h e  window 
o u t p u t  t h e  t e m p e r a t u r e  g r a p h  
y -  a x i s  
x -  a x i s

title ( ' L i v i n g  Room T e m p e r a t u r e ' ) !  t i t l e  o f  t h e  f i g u r e  
hold on

Q. C O C ■" C C C ■

% p l o t  f o r  h u m i d i t y  o f  l i v i n g  room ?

subplot(2,3,2) % p o s i t i o n  p l o t  t o  2 , 3 , 2 ,  o f  t h e  window
plot(Number,Humidity3, ' g r e e n ' )  % o u t p u t  t h e  h u m i d i t y  g r aph
ylabel ( ' H u m i d i t y ' )  i  y -  a x i s
xlabel( ' M i n u t e s ' )  x -  a x i s
title ( ' L i v i n g  Room H u m i d i t y ' )  % t i t l e  o f  t h e  f i g u r e
hold on

! p l o t  f o r  l i g h t  o f  t h e  l i v i n g  room

subplot(2, 3, 3) % p o s i t i o n  p l o t  t o  2 , 3 , 3 ,  o f  t h e  window
plot(Number,Light3, ' r e d ' )  4 o u t p u t  t h e  l i g h t  g r a p h
ylabel ( ' L i g h t ' )  1 y -  a x i s
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xlabel( ' M i n u t e s ' )  1 x -  a x i s
title ( ' L i v i n g  Room L i g h t ' )  s t i t l e  o f  t h e  f i g u r e
hold on

p l o t  f o r  m a g n e t i c  s e n s o r  d a t a  b a l c o n y  was open

subplot(2,3,4)
plot(Number,door2, ' r e d ' )
ylabel ( ' b a l c o n y  d o o r ' )
xlabel( ' M i n u t e s ' )
title ( ' L i v i n g  Room B a l c o n y ' )
hold on

% p o s i t i o n  p l o t  t o  2 , 3 , 4 ,  o f  t h e  window 
% o u t p u t  t h e  b a l c o n y  d o o r  g r a p h  

% y -  a x i s  
% x -  a x i s  

1 t i t l e  o f  t h e  f i g u r e

p l o t  f o r  m o t i o n  i n  l i v i n g  room

subplot(2,3,5)
plot(Number,motion2, ' r e d ' )
ylabel ( ' m o t i o n ' )
xlabel( ' M i n u t e s ' )
title ( ' L i v i n g  Room m o t i o n ' )
hold on

p o s i t i o n  p l o t  t o  2 , 3 , 5 ,  o f  t h e  window 
o u t p u t  t h e  m o t i o n  g r a p h  
y -  a x i s  
x -  a x i s
t i t l e  o f  t h e  f i g u r e

Name : Code f o r  o u t s i d e  d a t a

Pu r p o s e  : The g o a l  o f  t h e  t h i s  code  i s  t o  a n a l y z e  t h e  d a t a
: c o l l e c t  o u t s i d e

R e t u r n  : The code  r e t u r n s  g r a p h s  f o r  l i g h t ,  t e m p e r a t u r e ,  and
: h u m i d i t y  o f  o u t s i d e  d a t a

F i g u r e  5 o u t s i d e  d a t a  

% p l o t  f o r  o u t s i d e  t e m p e r a t u r e

figure % D i s p l a y  f i g u r e  on window
subplot( 1 , 3,1) % p o s i t i o n  p l o t  t o  1 , 3 , 1 ,  o f  t h e  window
plot(Number,Temperature4) % o u t p u t  t h e  t e m p e r a t u r e  g r ap h
ylabel ( ' T e m p e r a t u r e ' )  % y -  a x i s
xlabel( ' M i n u t e s ' )  % x -  a x i s
title ( ' O u t s i d e  T e m p e r a t u r e ' )  % t i t l e  o f  t h e  f i g u r e
hold on

% p l o t  o f  o u t s i d e  h u m i d i t y

subplot(1,3,2) % p o s i t i o n  p l o t  t o  1 , 3 , 2 ,  o f  t h e  window
plot(Number,Humidity4, ' g r e e n ' )  % o u t p u t  t h e  h u m i d i t y  g r aph
ylabel ( ' H u m i d i t y ' )  1 y -  a x i s
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x l a b e l ( 1 M i n u t e s ' )
t i t l e  ( ' O u t s i d e  H u m i d i t y ' )
h o l d  on

x -  a x i s
t i t l e  o f  t h e  f i g u r e

p l o t  o u t s i d e  l i g h t

s u b p l o t ( 1 , 3 , 3 )
p l o t ( N u m b e r , L i g h t 4 , ' r e d ' )
y l a b e l  ( ' L i g h t ' )
x l a b e l ( ' M i n u t e s ' )
t i t l e  ( ' O u t s i d e  L i g h t ' )
h o l d  on

p o s i t i o n  p l o t  t o  1 , 3 , 3 ,  o f  t h e  window 
o u t p u t  t h e  l i g h t  g r a p h  
y -  a x i s  
x -  a x i s
t i t l e  o f  t h e  f i g u r e

% T i t l e  : T h e s i s  m a t l a b  code  t o  p l o t  r a n g e s  o f  XBee s e r i e s  1
i and  2 t y p e s .  *

s Name : Rudhwan I s s a  %
? t
% Da t e  : 30 March 2012 %

% U n i v e r s i t y  : C a r l e t o n  U n i v e r s i t y  %

% N o t i c e  : C o p y r i g h t  (c) 2012 Rudhwan %
% : A l l  r i g h t  r e s e r v e d  %

% No t e s  : The g o a l  o f  t h e  t h e s i s  m a t l a b  code  i s  t o  d e t e r m i n e  %
% t h e  r a n g e  o f  XBee modul e  o f  s e r i e s  1 a nd  s e r i e s  2 t y p e s .
% and  t h e  p l o t  o f  t h e  XBee s e r i e s  r e s u l t  %
% s e r i e s  1 c o n s i s t s  o f  r a n g e  and t h r o u g h  p u t  %

D u r a t i o n  f o r  t h e  c o l l e c t i n g  t h e  d a t a

% t h e  r a n g e  o f  t h e  XBee s e r i e s  1 

D i s t a n c e  = [0,  0,  0,  1 : 5 : 1 0 5 ] ;

; O. '■ g. c. c. o.

% Through p u t  o f  t h e  XBee s e r i e s  1 %

T h r o u g h _ P u t = [120,  1 0 0 , 10 0 ,  100,  100,  1 0 0 , 1 0 0 , 1 0 0 ,  1 0 0 , 1 0 0 , 1 0 0 , 1 0 0 , 1 0 0 , 1 0 0 , 1 0 0 , 1 0 0 ,  
98,  97,  93,  90,  80,  65,  40,  0] ;

p l o t  o f  Through p u t  v s .  r a n g e  o f  XBee s e r i e s  1
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figure % d i s p l a y  f i g u r e  on t h e  window
plot(Distance, Through_Put) * o u t p u t  t h e  XBee s e r i e s  1 g r a p h
hold on

% %
% ii ^  %, '3s. ^  'r<. *r ar --r V ^  ar V ‘-r * % % 'sir s£ si .££ %• ar % * % ft; ft ft ft; ft ft ft ft ft ft ft ft ft *  % ft ft ft * ft ar ft ft *• % ft ft ft 'ft ft ft ft % V V a: V

% The r a n g e  o f  t h e  XBee s e r i e s  2 *
% % % % % % % % % I  % % % : % c 1 G % : % £ £  % £  £  £  £ 1 % % % %£%%££%% % % % % * % G % £ £ t£  £ % % £ £ % £ £ £ £ % % £ * £ * * * 8 1 :

Distance2 = [0,0,0,1:5:135];

% % 1 % % % % % % % % % £ % % %. % £ % % £ % 1 % % % £ £ % % % % % % % % % % % % % % % % % % % % % % £ £ £ £ % % 8 % 1 % % * * % % £ % % 1 £ £ £
% Through p u t  o f  t h e  XBee s e r i e s  2 1
% £ % % % % % % % £ % % % % £ £ % £ % £ % 8 £ % % % ££%%£%££ % £%£££%£% % % % % 4 % % % %%%%*%%% % % % % 8 % £ % % % 8 % £ 
Thr ough_Pu t 2  = [ 1 2 0 , 1 0 0 ,  100,  100,  100,  100,  100,  100,  1 0 0 , 1 0 0 , 1 0 0 ,
100,  100,  100,  100,  100,  100,  100,  100,  100,  100,  100,  98,  97,  93,  90,  80, 65,  40,  0] ;

8 8 £ % £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ft £ £ £ % £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ ££££%££%%£££ £ t  £ £ £ £ £ £ £
£ p l o t  o f  Through p u t  v s .  r a n g e  o f  XBee s e r i e s  2 £
%'s £££ £ftft ££££££%£ £ftft £ £ £ £ £ £ ' £ £  £ % £ £ % % £ %£ £ £ %£ £ £  £ t  % % f t  % % £ % % £ % % % % £ £ £ % % £ £ £ % ££%££%£
plot(Distance2,Through_Put2, r s ' )  £ o u t p u t  t h e  XBee s e r i e s  2 g r a p h
ylabel ( ' T h r o u g h p u t (%) ' )  £ y -  a x i s
xlabel( ' D i s t a n c e (f e e t ) ' )  % x -  a x i s
title ( 'XBee s e r i e s ' )  £ t i t l e  o f  t h e  f i g u r e
legend( 'XBee 1 ' , ' X b e e  2 ' )
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Appendix I: Prototype Apartment Sample Data

Kitchen Data

AlMMK XMmM
PCSll»rpl[ l " « l  | Mob«riC«r*944*on |

* * * * * *  _  O am  1 Ck> 1 Sho.
b t f t P  M S P  SiMkT CanPuj |>«m  1 $own|  Ho

EC Saanp | I« t  T— md | l l i l l « C » « f f n »  |
Lea Sufcji A M  f. I . .  1 ( v .  I

0 T « P  * I J P  NmM-r PacAtf I SoiariI Hat

D i s t a n c e  : = 7 1 . 0 7 1  I n c h  
Door i s  u n l o c k e d . .  “

M

T e m p e r a t u r e  - 2 5 . 2 6 5  C 
D i n  L i g h t  - ? .  O'”  
H u m i d i t y :  - 2 3 . 4 6 0  % 

M o t io n  d e t e c t e d  . .  
O oor  i s  u n l o c k e d .  .

T e m p e r a t u r e  = 2 3 . 8 0 2  C 
L i g h t  o f f  = 0 . 7 8 2  
H u m id i ty :  = 2 3 . 4 6 0  * 

M o t io n  d e t e c t e d  . .  
D i s t a n c e  : = ' l . O ' l  I n c h  

Ooor  i s  u n l o c k e d . . T e m p e r a t u r e  - 2 5 . 2 6 5  C 
0 i «  L i g h t  -  2 . 1 2 6  
H u m i d i t y :  = 2 3 . 4 6 0  % 
D i s t a n c e  : - 3S.G3S I n c h  

Door i s  u n l o c k e d . .
T e m p e r a t u r e  = 2 3 . 8 0 2  C 
L i g h t  o f f  = 0 . 7 4 2  
H u m id i ty :  - 2 3 . 9 4 9  ' i  

M o tio n  d e t e c t e d  . .  
D i s t a n c e  : = 7 1 . 0 7 1  I n c h  

Door i s  u n l o c k e d . .
T e m p e r a t u r e  = 2 5 . 2 6 5  C 
O i r  t i g h t  - ? . 130 
H u m i d i t y :  * 24.43 '*  % 
D i s t a n c e  : -  3 6 . 0 3 6  I n c h  

Ooor *s  u n l o c k e d . .
T e m p e r a t u r e  = 2 3 . 8 0 2  C 
L i g h t  o f f  0 . ' 4 7  
H u m id i ty :  = 2 3 . 4 6 0  % 

M o tio n  d e t e c t e d  . .  
D i s t a n c e  : = ? 1 . 0 ’ 1 I n c h  

Door i s  u n l o c k e d . .
T e m p e r a t u r e  25.26-8  C 
D i s t a n c e  : -  2 2 . 5 2 2  I n c h  

Ckx>» i s  u n l o c k e d .  .

T e m p e r a t u r e  = 2 3 . 8 0 2  C 
L i g h t  o f f  = 0 . 7 S 2 T e m p e r a t u r e  - 2 5 . 2 6 5  C _

COM3 9800 W61 FUN/NONE R* 10S74I«M coo m ** t aovMOHi r* u*un

(a) (b)

Figure 7.10: Kitchen Data Figure (a) before cooking and Figure (b) during cooking
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Living Room

KStarvI >*»•!•« Taaml|tMM>CM»HU>| 
l—SKwt t**m f y _  I

■ ■ ■  01A7 A t$P B w * r Cqw Pqt | P«a* | !

D i s t a n c e  : = "’l . O ' l  I n c h  
Ooor i s  u n l o c k e d . .

T e m p e r a t u r e  = 2 3 . 8 0 ?  C 
L i g h t  o f f  = 0 . * 8 2  
H u m i d i t y :  = 2 3 . 4 6 0  \

M o t io n  d e t e c t e d  . .  
D i s t a n c e  : = “ l . O " !  I n c h  

Ooor i s  u n l o c k e d . .

T e m p e r a t u r e  - 2 3 . 8 0 ?  C 
L i g h t  o f f  = 0 . * 4 2  
H u m i d i t y :  = 2 3 .9 4 9  % 

M o tio n  d e t e c t e d  . .  
D i s t a n c e  : = * 1 .0 * 1  In c h  

Door i s  u n l o c k e d . .

T e m p e r a tu r e  = 2 3 . 8 0 2  C 
L i g h t  o f f  0 . * 4 ’ 
H u m i d i t y :  = 2 3 . 4 6 0  \

Mot io n  d e t e c t e d  . .  
D i s t a n c e  : = '’ 1 .0 * 1  I n c h  

Ooor i s  u n l o c k e d . .

T e m p e r a tu r e  = 2 3 . 8 0 2  C 
L i g h t  o f f  -- 0 .  *52i________________________________
COM) 9600 rU W N O fC  ft*  10239400m

Figure 7.11: Living room  Data 

Toileting data

SfBHf

PCSe^l 
l#»$c*a

Dif r t i g h t  
H u m i d i t y :
D i s t a n c e  :

D o o r  i s  u n l o c k e d .

DT RP RTS P

- 2.S9S
- 2 1 , 9 9 4  %

5 2 . 0 5 ?  I n c h

OomCtfkPWt P a d u  |  Scwni

T e i r p e r a t u r e  s 2 2 . 8 2 5  C 
Di ir  t i q h t  = 2 .  S8 0 
H u f r i d i t y :  -  2 2 . 9 / 1  % 
D i s t a n c e  : - 5 2 . 0 5 ?  I n c h  

D o o r  i s  u n l o c k e d . .

T e i r p e r a t u r e  = 2 2 . 8 2 5  C 
Di i r  L i g h t  = 2 .  565 
H u r r i d i t y :  -  2 3 . 4 6 0  X  
D i s t a n c e  : - 5 2 . 0 5 ?  I n c h  

D o o r  i s  u n l o c k e d . .

T e m p e r a t u r e  2 2 . 8 2 5  C 
Dir r  I  i g h t  = 2 . 2 8 /  
M u r r i d i t y :  = 2 3 . 4 6 0  % 

M o t i o n  d e t e c t e d  , ,  
D i s t a n c e  : - 5 2 . 0 5 ?  I n c h  

D o o r  i s  u n l o c k e d . .

Dirr  l  i g h t  - 2 . 5 '5 
M u r r i d i t y :  - 2 2 . 4 8 2  %

l ~ l

PCi»» | R4̂ >Im rvarri {uaawCortfMonl

Dirr t i c h t
H u m d i t y :
D i s t a n c e

D o o r  i s  u n l o c k e d

DTflP  RTSP

2 1 . 0 1 6  X  
32 0 3 ?  I n c h

T e m p e r a t u r e  -  2 3 . 3 1 3  C 
Di i r  I  i g h t  2 . 4 3 8  
Muir i d  i t y :  - 2 0 .  5 2 "  X  
D i s t a n c e  : -  i l . 0 3 1  I n c h  

D o o r  i s  u n l o c k e d . .

T e m p e r a t u r e  - 2 3 . 3 1 3  C 
D < *  I  i g h  t  -  2 . 4 5 8  
M u ff id i  t y : - 2 0 .  5?.* \  

M o t i o n  d e t e c t e d  . .  
D i s t a n c e  : -  5 2 . 0 5 2  I n c h  

P o o r  i s  u n l o c k e d .

T e i r p e r a t u r e  -  2 3 . 3 1 3  C 
; Di i r  t  i g h t  - 2 . 4  ’ 8 
i H u n n ' d i t y :  21 . 505  \
i D i s t a n c e  : - 5 2 . 0 5 ?  I n c h  

P o o r  i s  u n l o c k e d , .

■ ' e w p e r a t u r e  - 2 3 .  313 < 
Di i r  l i g h t  - 2 ,  50'*

COM3 9E00W4I HOWN09*

(a)

R»a»4M« CflW «gtMI flOwNQM
(b)

ft. SIOHMIm

Figure 7.12: W ashroom  data, Figure (a) shows da ta  before toilet and Figure (b) a f te r  toilet



196

Bathroom data

1 -  * *  kffl iS P f t p S i 1
tm

jjm U+m AmtfDT»P «!$»
T e m p e r a t u r e  - 22 .& 2S t' 
Dim I tg*»T - ? .  l*8S 
K»» i  d i t  y : - ? t . 994 \  
D i s t a n c e  : ~ . 0 S 2  I n c h

D oor  i s  u n l o c k e d  .

C*p>tat PacMf I t*mm

T e m p e r a t u r e  - 2 2 . 5 2 i C
D «* I t g h t  - 2 . 614
H v » ' d i t y :  - 2 1 . 9 9 4  \
D i s t a n c e  : • j 2 .C > 2 I n c h

Otx>r t s. u n l o c k e d .  .

T e m p e r a t u r e  - 2 2 . 8 2 S <
M w r ^ d i t y :  2 1 . SIH \

P o t i o r ,  d e t e c t e d  . .
D i s t a n c e  : - i ’> .0>3 I n c h

O oor  i v un  l o c k e d .  .

T e m p e r a t u r e  - 27.S>?' i C
Dim I i g h t  7,
HuT’d i t y :  - 2 1 . 9 9 4  S

P o t  i o r  d e t e c t e d  . .
D i s t a n c e  : - ri 2 .C ' > ? 2 nc h

CKKX 1 V y n  l o c k e d .  .

t M  « o i * i ru w H O N t ft. EMM

] s )

1

PC SaAngt I T"* »

| BT#P R l iP  « ™ * r CalfW

’ e m p e r a tC K e  - 2 4 . 2 9 1  C 
Cn» k w j h t  = 7 .  ^ 6  
H u m i d i t y :  - 85 .08-8  \  
D i s t a n c e  : - S 2 . 0 S 2  I n c h  

Door  i s  u n l o c k e d . .

OtK L »<)ht = 2. y>*?
H u m i d i t y :  « 8 5 . 0 4 8  % Distance : - 2̂.0S>2 Inch 

D o o r  i s  u n l o c k e d . .

" e r p e r a t u r e  2 4 . 2 9 1  C 
Mu»»d »t  y : - 8 5 . S ’ " %

Mufc i d * t  y : - R4 . Ofyfi \
V o t i o n  d e t e c t e d  . .

: .  5 2 .Q S 2  I n c h  
T e m p e r a t u r e  - 2 4 . 2 9 1  C 
D t p  L i g h t  - 2 . S46 

v o t  i n n  d e t e c t e d  . .  
D i s t a n c e  : - S 2 .0 S 2  I n c h  

l*.K>r i s  u n l c x k e d . .

■"eieperaTuf e r  2 4 . 2 1>1 C 
D i p  L i g h t  - 2 .  *>41

a m i  XODMI fUMMNC

(a) (b)

>1 1 n lp j Q m  1 S a n J  
P * t» P  [ S o —* j  Hp» [

•i
r* wniipi

Figure 7.13: Bathroom data ,  Figure (a) da ta  before show er and  Figure (b) da ta  during


