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Abstract

The smart home offers a2 new opportunity to augment people’s lives with ubiguitous

computing technology that provides  increased communications, &@wareness and

functionality.

Mobile technology is evolving at such a rapid pace thul new doors have been cpened in
the field of mobility and wircless applications. This project gives an account of the
architecture hehind the end-to-end control of one of the commen household devices such
as Air — Condition, and how this was achieved successfully in real-time. Software on the
system controller (8051 microcantroller) is used communicate mobile and control the
A ir— Condition.

Mohile which grants client remote control to devices and allows the ability of advanced
control between the devices and the end-user. Global System for Mobile communications

(GSM) is used 1o link the two ends.

In this project we were faced a problem iy the communication between the mabile and
the system controller (8051 microconuoller), so we decided to use the computer to
svercome this prablem znd implement the idea of the project. An explanation on haw this

is accomplished is provided in the following chaprers.
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Chapter One

Introduction

1 Introduction

L1 Introduction .......ccovvinine N ONNANA S HN SRRSO ey SR AN MY AR SRS EE DI LANES 2
1.2 Problem Definition

13 FProjeet Objectives

1.4 Project Benefits

1.5 Similar Work
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1.1 Introduction

*ha notion (hat we could aventually live in so-called “smarl homes" damestic
sovironments in which we are surrounded by interconmeeied technologies that are, more
or lzss, Tesponsive 10 our presence and actions seems mereasing plavsible, Trends such as
% prolileration of networkable deviees, wireless rechnologies, and an increasing vendeor
Sacus on technologics for the home are driving awareness of the smart home idea. While
& #rerent iniliatives can teach us about what a smart home could provide to its "occupant-
e " technical questions remain. In this project we present a hardware contral system
s ne mobile technologies that can be used in controlling smart home devices, The air=
senditioning system will be considered for implementation in order to test the contralling

WEOWarc.

The ability 10 r&mmelly contral household devices using 2 mobile wireless system has
ses advantages for the average home-owner. For example. doors can be unlocked when
e tde=n arrive home early and do not have a key, The project we are presenting boosts
e ole of remete access by offering such control from the user’s mabile. A program on a
swsten controller used ta control the device. GSM technology allows the mabile to
“smmunicate with its peer mobile at the home end which creates the recessary link
wawined for accessing the control hardware. This pathway can also be utilized for reverse
emunication between the hardware and the mobile client (Terminal mobile) through
#e sesr mobile at the home end. The Short Message Service (SMS) also provides an

gher=ate path for such communication.

12 Problem Definition

These are many remote device control systems using mohile technologies that utilize the

@S Internet prolocols as shown in figurel.l, In this project we will use two pecr

swtile phones which communicate diectly with cach ather using the GEM system Lo

el the home devices through the specified control hardware.




S

Figure 1.1 Remote device control using Mohile terminal through GPRS

system

(‘omm, usmg F-hus or Bluetooth

technologies
\ II Device
\ \
) \ GSM
/l"fumm. Conirel  lgfel Device
Svstem o
/
Lol e

Figure 1.2 Remaote device control using peer Mobile phones through GSM

system
As cen be seen from Figure 1.2, we can group the project cOMPOnents under the

following categories: the Client or Remote side (Terminal) using a mobile pheone, the
Dasr Mobile at the home side. The GSM communication system between the P

Cantrolling System (the Controller) and the controlled devices (the
the

e&t mobile

phones, the Hardware

Air-condition in our project.). These miin componcnts are linked t¢ ¢ach other with

sppropriate communication channel.




The mobile phone or eclient (Terminal mobile) communicates wilh the peer mobile
through dala signals which are sent using the GSM provider's galeways (The Short
Message Service (SMS) also provides an alternate path for such communication). These
commands are then routed ta the control hardware using the F-hus standard port en the
mohile which is a serial connection. Blue-tooth communication berween the peer mobile

and the control hardware can be used to route these commands as well,
1.3 Project Objectives

This projects aims at achieving the following objectives:
= [se mohile as remots control.
s Controlling Air— Condition.
= Use FPGA or Microcontraller Technology for controliing different devices.
» Interface mobile phone with controller systems using FBLS or Rleetooth

technologies.
1.4 Project Benefits

There are saveral henefits for this project:
= This project can be used in developing smart houses,
= Using mohile in this project, enable the remore conirolling of device.
» Sending and Receiving data to and from Air — Condition.
= Controlling Air — Condition
= Can be used to facilitate bringing other information from mobile.

=  (Can be used in many securily systems.

1.5 Similar Work

[oo many projects discussed the idea of smart hames. Some of these projects were done
in our university for example Cell Phone Raced Controller for a Tey Car was done in

2003, and many ather were published on the intemet.




Also this project is a coatinuation and development af the project Air — Condilien
Controller done i 2007,
Finally the idea of remotely controlling devices is widely spread, and it grown every day,

1.6 Estimated Development Cost

The following table shows the main and necessary components that ara needed for the

system,

Component B 'R-:quired Number Price (L.S Dollar)
Microcontroller 8051 ! : 120
Development Board with
1.CD
Maobile with SIM Card | 100
Optocoupler{4N25) E 3
Relav(+5V) 20mA 1 5 o

Relay(+5v) 10mA 4 B 5

Resistors 30 m
Wires and Cabls - 10
Wood base for the [ : 70
Air—condition

DRL-3P Cable § 4

Standard 9 pin Seral Cable | 1 | 3

Table 1.1 Estimated Development Caost

1.7 Time Planning

The project plan follows the following time schedule, which includes the related tasks of
siudy and systern analvsis.

The following time plan s for the first and second semasters,




1.7.1 The First Semester Time Plan

| Colleeting
Information
about the
project

| Studving
FPGA
lechnology
Smdying the
Air-Condition

Studying

mobile and PIC
Micracentroller |
System Design

Mroject
. Docomentation

Tabile 1.2 First Semester Time Plan

1.7.2 The Second Semester Time Plan

Task/Week

Interfacing Air
— Condition
Interfacing
Mobile
Making the

L Sysiem
Syslem lesting

Specifying
Future Work . 4 e 4
Project R s e e e e A e R e
4l 3 J 0 Ll u::n: =il
Documentation RO AL R ) xg% f '
Table 1.3 Second Semester Time Plan




Chapter Two

Theoretical Background

2 Theoretical Background

21 Litroduetion ......ccciceesesessiansssassansssarie
2.2 The Maohile Phone ..

2.3 The Air — Cunciltmn :

2.4 The Microcontrollers and FP(..A




2.1 Introduction

The basic idea behind our project is to design and implement an Air — Condition control
svstemn  that can be triggered and managed through two peer mobile phones
communication through GSM technology. The remaote access can be accomplished by
offering such contral from the user's mebile device (Terminal Mabkile). A program on a
svstemn controller can be used 1o contre! the device (Alr — Condition), GSM technelogy
=lows the mobile to communicate with its peer mobile at the home end wiich eraates the
secessary link required for accessing the control hardware. This pathway can also be
wilized for reverse communication between Lhe hardware snd the mobile client through
e peer mabile at the home end. The Shorl Message Service (SMS) also provides an
temate path for such commmumication.

Different technologics and techniques will be used in desipning and implementing such a

ssstem. This chaprer presents most of the required background informatien required for

enderstanding the theory, terminology and applications used in our project. This includes

Mobile phone technologies and programming techniques, Mierocontroller and FPOA

“=chnologies and design options, and the air-condition systems and devices.

&

The Mobile Phone

The Motile Phone is an important part in the project. It is used to communicate with the
A — Condition via FPGA or miccoconiroller to send commands and receive data. The

Sllowing parseraphs are introducing the Mobile Phone,

% mobile or callular telephone is 2 long-range. portable electronic device for personal

=ecommunications over long distances.




2.2.1 Mobile Technology

A cell site is a site where antennae and electronic communications equipment arc placed
10 ereate a cell in a cellular nerwork for the use of mabile phones.

Mobile phones and the network they operate under vary significantly from providsr to

provider, and even from nation 10 nation, However, all of them communicale through

alectromagnetic radio waves with a cell site base station, the antennas of which are
usually mounted an a tower, pole, ar building.

The phones have a low-power wansceiver that transmits voice and data to the nearcst cell
sites, usually 5 to 8 miles {approximately 8 to 13 kilometers) away, When the cellular
shone or data devies is tumed on, it regisiers with the mobile telephone exchange, o
ewitch, with its unique identifiers, and will then be alerted by the mabile switch when
there is an incoming telephone call. The handset constantly listens for the strongest signal
being receitved from the surrounding base swations. As the user moves around the
network. the mobile device will "handeff! to various cell sites during calls, or while
waiting (idle) between calls it will reselect cell siles.

Cell sites have relatively low-power (ofien only one or two wafts) radic transmifrers
which broadeast their presence and relay communications hetween the mobile handsets
and the switch, The switch in tumn connects the call to another subseriber of the same
wireless service provider or to the puhlic telephone network, which includes the networks

af other wirelass carriers.[1]




222 GSM Technology

The GiSM Technology provides the environment in which the rwo mebiles communicate;

the following is un illustration of this technology.

GSM (Global System for Mobile communications) is an open, digital cellular technology
ssed for transmitting mobile voice and data services. GSM differs from first generation
wireless svstems in that it uses digital technology and time division multiple access
ransmission methods. GSM is a circuit-switched systern that divides each 200kHz
chanpel into eight 25k1z time-slots, GSM operates in the 900MHz and 1.8G1z bands in
Surepe and the 1.9CHz and 850MHz bands in the US. The §50MHz band is also used for
GSM and 30SM in Australia, Canada and many South American countries. GSM
supports data transfer speeds of up to 9.6 kbit/s, a'lowing the transmission of kasic data
srvices such as SMS (Short Message Service). Another major benefit is its internetional
waming capability, allowing users 1o access the same services when Lraveling abroad as
« home. This gives consumers seamless and same number connectivity in more than 210

countries, GSM satellitc roaming has also extended service access lo arcas where

w=rrestrial coverage is not available, [2]
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Figure 2.1 GSM Networlk

2.2.3 Mabile FBLS

The Mobile FBLS is one of the ways that we can exchange information with the mohbile.
The following paragraphs illusirates the NOKIA FBUS, which it is widely soread, and
there are two many documents publish on it. By the way NOKIA did not publish any
documentation zhout it, all the information akoul the FBUS is a result of gxperimants and
sbservations en the FBUS: also we can have information about the FBUS from previous

projects that use it.
224 Nokia FBLS
“ost Nokia phones have F-Bus and M-Bus connections that can be usad to connect a

phone to a PC or in our case a microcontroller. The connection can be used for

controlling just gbout all functions of the phone, as well as uploading new firmware ete,




This bus will allow us to send and receive SMS messages. Want 10t your gir-

conditioner on remately?
The very popular Nokia 3310/3315 has the /M Bus connegtion under the battery holder.

The next figurs shows the 4 pold pads used for the F end M Bus. [3]

Figure 2.2 3310 Nokia FBUS

2241 The Dilference Between FBUS and MBUS

W-Bus is a one pin ki-directional bus for both transmitting and receiving duta from the

shonz. Tt is slow (9600bps) and only half-duplex. Only two pins on the phone are used,

U ground and one data. M-Bus runs at 9600bps, § data bits, odd parity, one sIop bit.

“he dats terminal ready (DTR) pin must be cleared with the request to send (RTS). [hig

sewwers the electronics in the cable.

= 3us is the later high-speed full-duplex bus. It uses onc pin for transmitting data and ene

i for receiving data plus the ground pin. Very much like a standard serial port, 1t is fast

L2 200bps, B data bits, no parity, one s1op wit. For F-Bus the data terminal ready (DTR)

= st he set and the request to send (RTS) pin cleared. [3]

The fllowing figures show different FBUS for different mobile models,
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~25 SMS

Shart Message Service (SMS) is a service available on most digital mobile phones (and
*5er mobile devices, eg. 2 Pocket PC, or pecasionally even desktop comnputers) that
semmis the sending of short messages (also Xown 4s text messages, or more colloquially
SMSES, texts or even txts) between mobile phones, other handheld devices and even
wncline telephones. The term text messaging and its variants are more commonl v used in
werth America, the UK, and the Philippines, while most other countries prefer the term
SME. Text messages are often used to interset with automated systems, such as ordering
scucts and services for mobile phones, or participating in contests. There are also many

semices available on the Internet thar allows users to send text messages free of chargs.

[l
-

~251 SMS Technical Details

%= Shomt Message Service - Point to Point (SMS-PP) is defined in GSM
s=ommendation 03.40. GSM 03.41 defines the Short Message Service - Cell Broadcast
SMS-CB) which allows messapes (advertising, public information, etc.) to be hroadeast

& & maobile users in a specified geographical area.

WiSsapes are sent to g Short Message Serviee Centre (SMSC) which provides a store-
=-forward mechanism. It attempts to send messages to their recipicnts, If"a recipient is
% r=achable, the SMSC queues the message for later retry. Some SMSCs also provide a
“wward and forpet” option where transmission is tried only once. Both Mobile
~e=minated (MT). for messages sent Lo 4 mohile handset, and Mobile Originating (MQ),
“r thosc that are sent from the mobile handset, operations are supported. Messags
S sery is bast effort, so there are no guarantses that a message will actually be deliverad
= == recipient und delay or complete loss of & message is not uncommon, particularly
wien sending between networks. Users may choose to tequest delivery reports, which
= provide positive conlirmalion that the message has reached the intended recipient,

S sotifications for failed deliveries are unreliable at best.




Transmissien of the short messages between SMSC end phone can be done through
different protocols such as 587 within the standard GSM MAP framework or TCP/IP
within the same standard. Messages are sent with the additional MAP operation
lorward_short_message, whose pavload length is limited by the constrainis of the
signaling protocol to precisely 140 hvies (140 bytes = 140 * 8 bits = 1120 bits). In
practice, this translates to either 160 7-bit characters. 140 8-bit characters, or 70 16-bit
characters, Characters in languages such as Arabic, Chinese, Korean, Japanese er Slavic
languages (c.g. Russian) must be encoded using the l6-bit UCS-2 character encoding,

Routing daia and other metadata is additional to the payload size.

Larger content (known as long SMS or concatenated SMS) can be sentl segmented over
multiple messages. in which case each massage will start with a user data header (LIDI)
containing sepmentation information. Sinee UDH is indoor the payload, the number of
characters per segment is lower: 153 for 7-bit encoding, 134 for 8-hit encoding and 67 for
16-bit encading, The receiving phone is then responsible for reassembling the message
and presenting it 1o the user as one long message. While the standard theoretically
permits up to 255 segments, § to 8 segment messages are the practical maximum, and

ong messages are billed as equivalent to multiple SMS messages.

Short messages can also be used to send binary content such as ring tones or logos, as

well as OTA programming or configuration data. Such uses are a vendor-specific

sxtension of the GSM specification and there are multiple competing slandards, although

“okia's Smart Messaging is by far the most common.

The SMS specification has defined a way for an external Terminal Equipment, such asa
*C or Pocket I'C, to control the SMS functions of & mohile phone. The connection
setween the Terminal Lguipment and the mobile phone can be realized with a serial
cable, a Bluetoath link, an infrared link, ete. The interface protocol is bazed on AT
commands., Common AT commands include AT+ CMGS (send message), ATHOMSS
send messape from storage), ATHCMOL (list messages) and AT+CMOR (read

mESSape ),




some service providers offer the sbility to send mcssagss to landl line telephones
recardless of their capability of receiving lext messages by automatically phoning the
recipient and reading the message aloud using a speech synthesizer along with the

number of the sender.

Today. SMS is also used for machine Lo machine communication. For inslance, there is
an LED display machine cortrolled by SMS, and some vehiele tracking companies like

ES[Track use SMS for their data transport or telemerry needs. [4]
2.6 Mobile Programming

2.6.1 Symbian O5

Symbian 08 is an operating system, designed [or maobile devices, with associated
braries. user interface frameworks and reference implementations ol comman wols.

seoduced by Symbian Ltd. Tt is 2 descendant of Psion's EPOC and runs exclusively on
ARM processors.

Symbian is currently owned by Eriesson (15.6%), Nokia (47.9%), Panasonic { 10.5%).

Semsung (4,5%), Siemens AG (8.4%), and Sony Ericsson (13.1%). [5]
226.1.1 Svmbhian Structure

4+ its lowest level sit the base components of Symbian OS. This includes the kernel
£xA] or FKA2). along with the user library which allows user-side applications to
wauest things of the kernel. Symbian OS has a microkerne! architecture, which means

st the minimum necessary is within the kernel. [t contains a scheduler and memory

—snagement, but no networking or lile system support, These things are provided by

orside servers, The base layer ineludes the file server, which provides a fairly DOS-
e view of the file systems on the device {each drive has drive leter, and backslashes

w= used as the directory delimiter). Symbian O3 supports various [ile system 1ypes




neluding FATS2 and Symbian OS-specific NOR {lash [iling systems, The file system iz
ganerally not expesed to the user through the phone user interface.

immediately above base are a selection of system libraries. These take all shapes and
sizes, includine for example character set conversion, a DBMS darabase, und resource
file handling.

There is a large networking and communication subsystem, which has three main servers
- ETEL (BPOC telephony), ESOCK (EPOC sockets) and €32 (responsible for serial
communication). Each of these has 2 plug-in scheme. For example ESOCK allows
different " PRT" protoce! modules, implementing different types of nelworking protocol
scheme. There's lots of stwff relating o short-range communication links oo, such as
Sluetoorh, IrTYA and LJEB.

There's also a larze amount of user interface code, Even though the user interfaces
emselves are maintained by other parties, the base classes and substructure ("UIKON")
“r all Uls are present in Symbian 0OS, along with certain related servers (for example, a
view server which controls transitions between different phone user interface screens).
There's & lot of related praphics code too - such as 8 window server and a font and bitmap
sTVer.

\» application architecture provides for standard application types, embedding, and file
=4 data recognition. There is also a selection of application engines for popular smarl
~sane applications such as calendars, address books, and task lists. A rypical Symbian
OS application is split up into an engine DLL and a graphical application - the
welication being a thin wrapper over the engine DLL. Symbian OS provides some of
Sese engine DLLs.

There are, of course, many other things that don't yet fit into this model - for example,

SimeML, Java ME providing another set of APIs on top of mest of the O3 and

sultimedia, Quite a fow of these things are frameworks, and veadors are expected 10
weoply plug-ins to these frameworks from third parties (for example, Helix player for
sultimadia codecs). This has the advantage that the APls to such areas of functionality
we the same on meny phone models, and that vendors get a lot of flexibility, but means
e shone vendars need o do a grear deal of integration wark to make & Symbian QS

b




Symbian 0S device manufacturers alsn get supplied with an example user interface layer
called Tech View. This is very similar 1o the user interface from a Psion Series 5 personal
organizer, so isn't particularly similar to any given phone user interface, bul provides a
Lasis 1o start eustomization, Tt is alse the cnvironment in which a lot of Symbian O5 test

code and example code runs. [5]
2.2.6.1.2 Developing on Symbian OS

There ars multiple platforms, based upon Symbian OS, that provide an SDK for
spnlication developers wishing to targer a Symbian OS device - the main ones being
1710, Series 60, etc. Individual phone products, or families, aften have SDKs or SDK
sxtensions downloadabie from the manufacturer’s website too. The SDKs contain
Socumentation, the keader files and library files required to build Symbian OS soflware,
and 2 Windows-based emulator ("WINS"). Up untii Symbian OS5 version 8, the SDKs
slso included a version of the GOCC compiler (a cross-compiler) required to build

software 1o work on the device.

Symbian OS 9 uses a new ABI and so requires a new compiler - a choice of compilers is
svailable including a new version of GCC (see extemnal links below). In terms of SDKs,
U10 Technology now provides a simplified framework sa that the single UIQ SDK forms

%= basis for develaping on all UIQ 2 devices, such as the Sony Ericsson Ps90 and Sony

Ericsson M0,

Symbian CH1 programming is commonly done with a commercial IDE. Tor curent
wersions of Symbian O8, CodeWarrior for Symbian O8 is favoured. The CodeWarrior

wsels will be replacad during 2006 by Carbide.c++, an Eclipse-based [DE developed by

Nokia It is expected that Carbide.c++ will be offered in different versions: a free version

sy allow users to prototype software on the emulator for the fimst time in a free product.

Wl Basic, VB.NET, and C# development for Symbian can be accomplished through

AeoForge Crossfire. a plugin for Microsoft Visual Studio.




There's also a version of a Borland IDE for Symbian OS. Symbian OS development is

250 possible on Linux and Mac O% X using tools and techniques develeped by the

St allows development of Symbian OS applications in Apple's Xcode |IDE [or Mac OS

K = available:

Jece developed, Symbian OS applications need fo find a route to customers’ moebile
sbones. They are packaged in SIS files which may be installed over-the-air, via PC
commect or in some cases via Bluetooth or memory cards. An alternative is te partner with
¢ phone manufacturer to have the software included on the phone itself. The SIS file
e will be a licle more difficult from Symbian O8 8, because any application wishing
2 Bave any capabilities bevond the bare minimum must be signed via the Symbian

Segned program.

vz MI applications for Symbizn OS are developed using standard rechniques and tools
weh as the Sun Java Wireless Toolkit (formerly the J2ZME Wireless Toolkit). They are
smckaged as JAR (and possibly JAD) files. Both CLDC and CDXC applications can be
===ad with NetBeans, Other tools include SuperWaba. which can be used to build

Sembian 7.0 and 7.05 programs using Java.

W2 Series 60 phones can also run python seripts when the interpreter is installed, with
 custom made AP] that allows for Bluetooth support and such. There is alsp an

sersctive console to allow the user to write python seripts directly from the phone, [3]

——b2 JZME

ws ME technology was originaily created in order to deal with the constrainis

s ated with building applications for small devices, For this purpose Sun defined the

seics for Java ME technolooy to fit such a limited environment and make it possible 1o
(=

sewe Java applications running on small devices with limited memary, display and

g Capacity.




Java ML platform is a collection of technologies and specifications thal can be combined
10 construct a complete Java runtime environment specifically to it the requirements of a
sarticular device or markel. This offers a flexibility and co-existence for all the players in
the coo-system to seamlessly cooperate o offer the most appealing experience lor the

end-user.

The Java ME technology is based on three elements:

= A conliguration provides the most basic set of libraries and virtual machine
capabilities for a broad range of devices,
* A profile is a set of APIs that support 4 narrower range of devices, and

*  Anoptional packags is a set of technology-specific APls,

“nver time the Java ME platform has been divided into two base configurations, one to it
small mobile devices and one to be targeted wowards more capable mobile devices like

smar-phones and set top boxes.

e configuration for small devices is called the Connected Limited Device Profile
CLDC) and the more capable configuration is called the Connected Deviee Profils

L2]C).

The figure below represents an overview of the components of Java ME technalogy and

Sow it relates to the ofher Java Technologies. [6)
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2.2.6.2.1 Java ME Platform for Converged Services

The design and set up of the Java ME platform, covering everything from small limited
ZJevices with intermittent metwork connection, to capable on-line mobile devices, the
d=sipn of the platforrn makes it flexible and eapable to efficiently suppart the need for
services covering all channels for mobility. The basic design makes services easily
sortable between the different confizurations and profiles and the ambition to allow the

same service being deliverad via different channels can be achieved. [6]

2263 AT Commands

AT, or Hayes commands were originally designed by Haves Microsystems for modem
conirol (Hayes Microsystems 2003). A stundard [or GSM phones was developad which
=cludes commands ta access information such as phone book entries, call logs and SMS

mESSA0es,
AT commands were desizned to control 2 modem from a PC, and when communicating

21




with a mobile phone, the phone's internal logic receives and parses the commands. AT
commands were originally designed in the early 19805, by Hayes Microsystems, and

were taken up by other manufacturcrs as a standard for modem control (Durda 2004).

the AT commands specificd in the TS 27.007 and TS 27.005 standards theorerically
srovide access to a large amount of information available in GSM phones and SIM cands
ET51 2004b, ETSI 2003). The TIAIEIALS-707 standard provides a set of AT
commands [or COMA phones (TIA 1999). Unfortunately many of the commands cannot
% relied upon, as they are optional implementations, and cannot he guaranteed 1o be
Peesent on every phone. In practice however, information such as the following are

sencrally available on GSM phones through AT commands:

The phone”s manufacturcr, model, and version information.

The phere’s Internativnal Mobile Equipment Identity (IMET),
The SIM card’s International Mohile Suhscriber Identity (IMSI).
Phone book entries.

Call log entries.

sent and received SMS misssagss.

AT commands for CDOMA phones will zenerally provide access ta a much more

limited set of information:

* The phone's manufacturer, model and version information.

* The phone’s Electronie Serial ivumber (ESN}. [7]

= 2.7 Bluetooth

Sluctoath is an industrial specification for wireless persanal area networks (PANs).

Swetnoth provides a way to connect and exchanpe information hetween devices such as

obile phenes, laptops, PCs, printers, digital cameras and video tame consoles via a
; aplop P » GIE &

wcure, globally unlicensed short-range radio frequency. [8]




22.7.1 List of Applications

«  Wircless control of and communication between a cell phone and a hands free
headset or car kit. This was one of the carliest applications to become pepular.

«  Wireless networking between PCs in a confined space and where little
handwidth is sequired.

s Wireless communications with PC input and output devices, the muost

common being the mouse, keyboard and printer.

«  Transier of files between devices via OBEX.

«  Transfer of contact details, calendar appointments, and reminders between
devices via OBEX.

» Replacement of traditional wired serial communications in test equipment,
GPS receivers end medical equipment.

«  For remole cantrols where infrared was rraditionally used,

»  Sending small advertisements from Bluetooth cnahled advertising hoardings
ta other, discoverable, Blueteoth devices.

= Wiceloss control of a games console — Nintendo's Wii and Sony's PlayStation
3 will both use Bluetouth cachnology for their wireless gontrollers.

«  Sending commands und software ta the LEGO Mindstorms NXT instead of

infrared. [8]
=2 =13 Fow Bluetooth Technology Works

Seustooth wircless technology is & short-range communications system intended 1o
molace the cables comnecting portable and/or fixed electronic devices. The key featurss
+ Bluetooth wireless technology are robusiness, low power, and low cost. Many featurcs

of = core specification are optional, allowing product differentiation.

e {




The Bluetocth core system consists of an RF transceiver, baseband, and profocol stack.
The system offers services that enable the connection of devices and the exchange of a

varicty of data classes between these devices.

Ihe Bluetooth RF (physical laver) eperates in the unlicensed [SM band at 2.4GHz. The
system employs a frequency hop transceiver to combat interference and fading. and
srovides many FHSS carriers. RE operation uses a shaped, binary [requency modulation
o minimize transceiver complexity. The symbol rate is 1 Megasymbol per second (Msps)
supporting the bit rate of 1 Magabit per second (Mbps) or, with Enhanced Data Rate, a
eross air hit rate of 2 aor 3Mb/s. These modes are known as Basic Rate and [nhanced

Data Rate respectively.

During typical operation, a physical radio channel is shared by a group of devices that are
sinchronized ro a common clock and frequency hopping pattem. One device provides the
swnchronization reference and is known as the master. All other devices are known ag
slaves. A group of devices synchronized in this fashion form a piconet. This is the
Sandamental form of communication for Bluetooth wireless technology.

Devices in a piconet use a specific frequencey hopping pattern which is algorithmically
determined by cerain fields in the Bluetooth specification address and clock of the
master. The basic hopping pattern is a psendo-random ordering of the 79 frequencies in
#< ISM band. The hopping pattern may be adapted 1o exclude a portion of the
S=guencies that are used by interfering devices. ‘Ihe adaptive hopping lechnigue
mproves Bluetooth technology co-existence with static (non-hopping) ISM sysiems

when these are co-located.

The physical channel is sub-divided into time units known 4s slots. Data is transmifted

Setwean Bluetooth enabled devices in packets that are positioned in these slots. When
S rcumstances permit, a number of consecutive slots may be allocated W a single packer.
Srequency hopping takes place between the transmission or reception of packets.

Sluctoath technology provides the effect of full duplex transmission through the use of a

sme-division duplex (TDD) scheme.




Above the physical channel there is a layering of links and chennels and assoeisted
sontrol protacols. The hicrarchy of channels and links from the physical chunnel upwards

s physical channel, physical link, Iogical transport, logical link and L2ZCAP chanmel,

Within a physical channel, a physical link is formed between any lwo deviees that
w=nsmit packets in cither direction between them, In a piconet phivsical channe! there are
“ssrictions on which devices may form a physical link. There is a physical link between
=20 slave and the master, Physical links are not formed directly batween the slavesin a
pcomet.

“5< physical link is used as a transport for one or more logical links that support unicast
mcnronaus, asynchronous and isochronous traffic, and broadeast traffic. Traffic on

seical links is multiplexed onto the physical link by pecupying slots assigned by a

w=heduling function in the resource managar,

+ santrol protocol for the baseband and physical layers is carried over logical Tinks in
SS0n to user data. This is the link manager protocal (LMP), Devices that are active in
# eonel have a defuult asynchronous conneetion-ariented logical rransport that is used
* wansport the LMP protocel signaling, For histarical reasons this is known as the ACL
“ecal ransport. The default ACL logical lranspart is the one that is erested whenever a
Seviee joins a piconel. Additional logical transports may be created to transport
Wechronous data streams when this is required.
%= link manager function uses T,MP to control the operation of devices in the piconet
== provide services 10 manage the lower architectural layers (radio layer and baschband
“v=). The LMP profocol is only cartied on the default ACL logical rransport and the

S=ult broadeast logical transport.

“Seve the baseband layer the L2CAP layer provides a charmel-based abstriction ta
i cations and services. It carries out segmentation and reassembly of application data
W multiplexing and de-multiplexing of multiple channels over a shared logical link,
“LAF has a protocol control channel that is carried over the default ACL logical
S0, Application data submitted to the L2CAP protocol may be carcied on any

S link that supports the L2CAP protocel. [8]




2.3 Air- Condition
=3.1 TIntroduction

Air conditioning is a combined process that performs many functions simultaneons] y, It
“onditions the air, transports it, and intraduces it to the conditioned space, Tt provides
s=ating and cooling from its central plant or tooftop units. It also controls and maintains
== emperature. humidity, air movement, air cleanliness, sound level, and pressure
Sfferential in & space within predetermined limits for the comfort and health of the
wcupants of the conditioned space or for the purpose of product processing.

8¢ term HVAC&R is an gbbreviation of heating, ventilating, air conditioning, and

inigerating. The combination of processes in this commonly adopted term is equivalent

= the current definition of air conditioning, Beeause all these individual component
srocesses were developed prior 1o the more complete concept of air conditioning, the

= HVACER is often used by the industry. [9]
~+2 Whatis Air Condilioning

Wany consider zir conditioning just the operation of refrigeration, bul actually

=geration is considered one of Air Conditiening operations, Filtering air and moving

&= indoor an enclosed conditioned place with a certain speed dividing it in a right way
Sominating increased humidity within it and warming it plus increasing humidity percent.
= 50 considered an important and essential aspect of the Air condoning posacs.

% air conditioning system also controls the elements related to air conditioning at the
e nme, and these elements are: gir temperature, hiumidity, air movement and division,
st mucrobes, different @mells, and harmful gases. The three main elements of air

Seditioning systems are air temperature and humidity and air movement.




2.3.3 Individual Room Air Conditioning Systems

Individua! room or simply individual air conditioning svstems employ a single, self-
contained room air conditioner, a packaged terminal, a separated indoor-outdoor splic
unit. or a heat pump. A heat pump extracts heat from a heat source and rejects heat to air
or water at a higher temperature for heating. Unlike other svstéms, these systems
=ormallv use a totally independent unit or units in each room. Individual air conditioning

svstems can be classified into two categoriss:

= Rpom air conditicnsr (window-mounted).
* Packaged Terminal Air Conditioner (PTAC), installed in a sleeve through the
puidoor wall.

The major components in a factorv-zssembled and ready-for-use room air conditioner
=clude the following: An evaporator fan pressurizes and supplics the conditioned air to
e space. In tube and- fin coil, the refrigerant evapomtes, expands directly indoor the
wubes, and absorbs the heal energy from the ambient air during the cocling scason; it is
talied a direct expansion (DX) coil. When the hot refrigerant releases heal energy to the
conditioned space during the hearing season, it acts as a heat pump. An air filter removes
sshome particulates. A compressor compresses the refrigerant from a lower evaparating
sressure to A higher condensing pressure. A condenser liguefies refrigerant from hot gas
w liquid and rejects heat through a coil and a condenser fan. A temperature centrol
s=tem senses the space air temperature (sensor) and starts or slops the compressor Lo
somtrol its cooling and hearing capacity through a thermostat.
The difference between a room air conditioner and a room heat pump, and a packaged
weninal aly conditioner and a packaged terminal heat pump, is that 2 four-way reversing
e is added 1o all room heat pumps. Sometimes room air conditioners are separated
= two split units: an outdeor condensing unit with compressor and condenser, and an
seoor air handler in order 1o have the air handler in a more advantageous location and to
mtuce the compressor noise indoors.

s vidual air conditioning systems are characterized by the use ol a DX coil for a single

ween. This is the simplest and most dircct way of ¢ooling the air. Most of the individual




wstiems do not emnploy connecting ductwork. Quidoor air is introduced through an
swening or through a emall air damper. Individual systems are uscally used only for the

semmeter zone of the building. [9]
~—31 Advantages and Disadvantages
WSvidual systems have the following disedvantapges:

* Temperarure control is usually on /off, resulting in space temperature swing
* Alrfilters are limited to coarse or low-efficiency filters.
* Local cutdoor ventilation air intake is ofien affected by wind speed and wind
dircetion,
* MNoise level is not suitable for critical applications.
* More regular maintenance of coils and filters is required than for packaged and
central syvstemns.
Svidual room and unitary packaged air conditionin 2 syslems are both self-contained,
Setory made, packaged systems using direct expansion ¢oils for cooling. However,
WEnidual systems are single-zone units, wheress a packaged system can be either a
sesezone or multi zone unit. Individual systems have no supply and return ducts. Alse,
SSwidual systoms provide far smaller heatin g-cooling capacities, poorer outdoor
semnistion intake, lower-sfficiency filiers, simpler control system, and far less energy
Sesservation measures than packaged systems. Room air conditioners are oflen window-

Seeated. Most of the packaged units are rooftop units. 9]
=4 Air Conditioning Devices

S coaditioning devites have all the necessary devices that work on conditioning the air
W Laking care of the necessary relaxation neaded. A conditioning device has all or some

W s pnite




* Heating Lnit: it works on increasing air temperature by passing air over hot
surfaces.

*  Cooling Unit: works on decreasing air tempemature by passing air over cold
surfaces.

= Humidification Unit: works on Increasing dry air humidity by adding a sum of
vapor for it to become comfortable for winter.

* Drving Unils: works on absorbing vapar from air using chemical ohjects.

*  Filtering unit: is used for cleansing air from dust.

* Venilation Units: it pushes and mixes airso that it can reach different places
in a room or building.

* Control Unit: it organizes temperarure, humidity and air speed indoor a
conditioned place and observing thess zlements so that they do not go bevond
a certain limir.

» Sterilizing Unit: this unit is usually used in sterilizing the air of operation

rooms and central processing room.

]
Y
L ]

Air Conditioning Svstem

|

“8e process of Air Conditioning is done through a group of unils that work logether te
wowide the right air in order for the human being to feel comfortable, these units make
woae 15 called air -conditioning svstem. Ta contrel this system one should frst study its

men components and the way they work combined. [9]
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Components of the Air Conditioning System

Figure 2.10 Air - Condition compunents

~261 Compressor

The compressor in the previous figure 2,10 represents the heart of an air conditioning

Sosemn. @ compressor is mainly a pump that is used o increase fluid temperaturs so that it
= Be used directly or to be moved and distributed. An air cenditioning system
Seessents an open system which includes two parts ane with high pressure and the other
W sressure as the compressor is considered an electronic pump it coordinates the flow
W e refrigeration fluid betwsen the two parts mentioned carlier, usually the
e ceration fluid is refrigerant gas. After pressurizing the refrigeration fluid it is sent 0

Secondenser.




23.6.2 Condenser

Ihe evaporator in the previous figure 2,10 represents the area where the heal = sent o
= outdoors air. A condenser consists of a collection of pipes that are organized either in
& serial order or a parallel order in order 1o resist flow and space needed for heat
sxchange,

A5er the fluid passes the condenser it becomes liguid at high pressure then il is passed on

m

= the expansion valve.
~ 6.3 [Expansion valve

"8 part controls the flow of the refrigeration fluid to the heat exchanger for it exchanges
s with the surrounding air. The expansion valve works on reducing the refrigeration
"ol and its temperatuze, An cxpansion valve is made of a thin valve with an internal

Sammeter of 1-1, 3 millimeters; Figure 2.10 shows the expansion valve.

“=54 Evaporutor

e condenser in the previous figure 2,10 represents the area in which heat is absorbed
S e surrounding air.

W svaporator and condenser are similar in design but the cvaporator doss the oppaosite

e condenser and so hoth the condenséer and evaporator can be called heat exchanger,

S e evaporator and condenser are surrounded with [ins from the outdoor to increase

schanpe and the fins are made of aluminum chips.

£ Fans

conditioning system contains two fans: the evaporator fan and the condenser fan.

ssmorstor fan works at pushing celd air to the conditioned area and the condenscr

Shes Bat airto the conditioned area. which i3 shown in figure 2.10.
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3.7 Sensors and Transducers

\ sensor is a device that acts as a compenent in a control system to detect and measure
the controlled variable and (o send a signal to the controller. A sensor consists of 4
sensing clement and accessories: the term sensing element often refers o that part of the
sensor Lhat getually senses tha controlled variable. In HVAC&R systems. the mest widely
seed sensors are temparature sensors, humidity sensors, pressure sensors, and flow
wensors. Recently, CO2 sensors, air qualily sensors, and occupancy sensors are being
wsed in many new and retrefit projects. Elecrronic sensors that send electnic signals 10
~=ctronie controllers, Electric output from the sensors is wsually expressed in 0 to 10V
& or 4 to 20 mA. In the selection of sensors, accuracy, sensitivity of response, reliability,
crg-term stability or drift. reguired calibration intervals, maintainability, and especially
#e possibility of contamination by dust particles due to contact with the contral medium
would be eonsidered. A calibration period of | year and longer is often considered
weeptable. Location of the sensor affects the sensor output directly. A sensor should be
swated in the eritical arca where the controlled variable needs to be maintained within
=cuired [imits. The sensing element of an air sensor should be well exposed to the air, 50
o air can flow through the sensor without obstruction. Air sensors should not be
woect=d directly by the supply air stream nor should space air sensors be alfected by the
wesdoar air stream. Sensors should be shielded from radiation and mounted firmly on a
eeoctural member or duct wall, free from vibration. Il a space air sensor must be loeated

= 3 concrete column, thermal insulation should be provided between the sensor and the

Eslenn. | 9]
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Fipure 2.11 A temperature sensor

Temperature Sensors

“emperature sensors {all inte two categories: those that produce mechanical signals and
Swse that emit electric signals. Bimetal and rod-and-tube sensors that use sensing
sw—ents to produce 4 mechanical displacement during a sensed temperature change

siter open or close a2n electrie ¢ircuit in an slectric eantrol system, or adjust the throttling

geessure by means of a bleeding nozele in a pneumatic control system. For a sealed

S ow sensor, a chanoe in temperature causes & change in the pressure of a liguid in a
wmete bulb, The expansion and contraciion of vapor then move the mechanism of the
Emeroller.

Sesserature sensury thal preduce electric signals, as shown in fgure 2.11 are the same as
B sensors for temperature measurement and indication,

B =idition to resistance lemperature detectors (RTDs) and thermaostats, sensors
merimes use thesmocouples. A thermocouple uses wires of two dizsimilar metals. such

W ssocer and constantan, or iron and nickel, conneeted at two junctions, to generate an




“ectromotive force betwaen the Jurcrions that is directly proportional to the temperature
=fierence between them. One of the junctions is kept at constan temperature and is
=alled the cold junction. Various systems have been developed 1o maintain the cold
snction at a constant temperature and to provide compensation if the cold junerion is not
® 32°F (0°C). This task makes the use of thermoeouples maore complicated and
spensive, The electromotive foree produced between the two junctions can be used as
== signal input to a controller.

wmeial and rod-and-tube temperature sensors are simple and low in cost. However, they

L

==mnot provide temperature indication and electric signals for Direct Digital Contra] and

&% 0fen used in electric control systems. Platinum and nickel RTDs are stable, reliable,

= accurate. They are very expensive comparcd to thermostats and pesd calibration (o

It

pensate for the effects of having extemal leading wires. RTDs are widely adepted in
~ O for commereial fpplications. For a project that nesds precise temperature conlrol.
£1D is often the choice, High-quality thermostats can provide stable, relisble, and
“=rthangeable temperature sensars, and are also widely used in many commercial
Esiications. [9)
=272 Transducers or Transmitters
* mnsducer is a device that converts chiergy from one form to another or amplifies an
WS or output signal. In HVAC&R control SYSICMS, a transducer may be used to convert
W =ecie signal W a pneumatic signal (E/P transducer), .8, 4 pneumatic proportional
WS Tt varics its branch air pressure from 3 to 15 psig (20 to 103 kPa/ g) in direcr
Wesorion Lo changes in the electrical input from 2 to 10 V. Also E/P transducers are
S Setween microprocessor-hased or electronic controllers and pncumatic actuators.
SSser, a preumatic signal can be converted o an electric siznal in u P/E transducer,
S sxample, 3 P/E relay closes a contact when the air pressure falls and opens the
Smcs whien the air pressure rises ahove a precetermined value, A lransmitter is used 1o
ST A signal, pneumatic or electric; through air, waler, or other Muids. A sensor ic

S ® TEncmitier,




slectromotive force hetween the junctions that is directly proportional to the temperature
Sifference between them. One of the junctions is kept at constant temperatire and is
_...-.I-_- 'Jl o . g 3 ' L] %
SR e L aneiem, Nt T R e Mgl o maniEn e ool
‘=achion at 4 constant temperature and 1o provide compensation if the cold junction is not
] T : ,
= 52T (0°C). This task makes the use of thermocouples more complicaled and

=pensive. The electromotive force produced hetween the ™o junetions can be used as
41 signal input to & conroller,

Simetal and rod-ard-tube temperature sensors are simple and low in cost. However, they
cannot provide temperature indication and electric signals for Direer Digital Control and
are often used in electric control systems. Platinum and nickel RTDs are stable, reliable,
and accurate. They are verv expensive compared to thenmostats and need calibration to
compensate for the effects of having external leading wires. RTDs are widely adopted in
DDC for commercial applications. For a project that needs precise temperature control,
RTD is often the choice. High-guality thermostats can provide stable, reliable, and

mterchangeable temperature sensors. and are also widely used in many commercial

soplications. [9]
2372 Transducers or Transmitters

& transducer is a device that converts energy from one form to another or amplilics an
wout or outpur signal. In LIVAC&R control systems, a transducer may be used to convert
w clectric signal to a pneumatic signal (E/P transducer), e.g., a preymatic proportional
wiay that varies its branch air pressure from 3 to 135 psig (20 ta 103 kPal g) in dirsct
seopartion to changes in the electrical input from 2 10 10 V. Alse E/P transducers are
weed between microprocessor-hased or electronic controllers and pneumatic acluators.
“owever, a pneumatic signal can be converted to an electric signal in a P/T. transducer.
“or example, a P/E relay closes a contact when the air pressure falls and opens the

“omtact when the @ir pressure rises above a predetermined value. A ransmitter is used to

wenamit a signal, pneumatic or electric; through air, water, or gther fluids. A sensor i3

B0 @ transmittar,




Sowever, the difference between them is that 4 sensor only senses the signal of the

sotrolled variable and transmits it [9]
-~ % Controllers

% controller receives input from the sensor, compares with the set point or
wolementation based on its stored computer software, sends an output to or modulates
Se control device for maintaining a desirable indoor envirenment. A thermostat is a
sambination of a temperalure sensor and a temperature controller, whereas a humidistat
& combination of a humidity sensor and a humidity cantroller.

S A0s usually use a two-stage thermostat to separate cooling made and heating mede
werstions. One of the RAC controls selects the operation mode. Another control adjusts
S st point and cyeles the compressor on and off 1o maintain the required set point. The
S one changes the fan speed if required.

“he= is another aliernative. The thermostat reduces the indoor fan speed when the space
Smeerature approaches the set point by using a Lwe- or three-stage speed operation. If
%= space temperature drops further, it cycles the compressor off. If the space temperawre
sews still further, the indoor fan is finally cyeled off.

S s room heat pump system, a two-stage thermostat oficn selects the heating or conling

sseration manually. Then it cyeles the compressor and evaporator fan separately or

e

weneously to mainiain a space temperature set point. Usually, there isa 2 to 5°F (1.1
o _4°C) difference between heating and cooling set points for room air conditioning
wemes |F room air conditioners use a two-speed (high-low) or three-speed (high-
st Jow) indaor fan and if the fan speed is regulated only a few times a day
sy, then the supply volume flow of this RAC is often steady within an hour, and its
W ssem is constant-volume in namre. If the thermostat in an RAC reduces the fan
et when the space temperature approaches its sel point automatically, the air syslem is

sy 2 VAY system. [9)
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=39  Air Conditioning Cycle

The air conditioning eyele in figure 2.12 is that same ¢yvele used in refrigeration but can
1150 be used in heating when the objects of the cycle are changed in a reverse WHY.

“ e refrigeration cycle starts when the compressor inereases pressure and the lemperalure

“1he cold refrigerator (refrigerant) then passes it to the condenser which sends the hear

the air making the area hat then it changes to liquid at hish pressure. after that the pas

* passed on a expansion valve, and then the liquid is tumed into cold gus at low pressiire,

S=m it is passes to the evaporator which ahsarbs the heat from the air leading to the

seeling of surounding air. The refrigerator retums to the COMPressor to restart & new

=l
- i

Figure 2,12 Air - Condition cyvele

== 10 Split-System Air Conditioning

% wlit air conditioning in figure 2,13 represents a complete air conditioning system

WS T s the most conditioning type avzilable. The split conditioners are divided into two

s Outdoor unit which conlains compressor-the heart of the svstem, and the indoor

e L

W which switches heat with the air in a room. in the refrigeration cyele the indeor unit
Seesents the heat absorbing unit and the outdoors unit represents the heat rejection unit.
WS Reating cyele the indoors unit represents the heat rejection unit and the outdoors

B ==mresents the heat absorbing unit,

=

Eed
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To reversa the sir conditioner from the refrigerator cycle to the heating eycle and vics
versa the valve control is used. The control valves Job in the air conditioner. Thege
conditioners have many wood qualities one which is separating the vooling process from
the hedting one. The indoor of an air eonditioner in a conditioned room and its main
omponents, the indoer unit is put indoors and the outdoor unit works outdoors and both
units are conneeted together with metal tubes,

Variable speed controller

Figure 2.103 Split Air - Condition

2.3.11 Problems Occurring With Ajr Conditioning (Disadvantages)

One of the most important frequent problems that [ace the air conditioning svstemn
sspecially when using the systems in the winter is that when turning the system on the
=vaporator is used by the eutdoor unit and the condenser is usad by the indeoor,

Afler a certain period of time where the system has been used a layer of ice appears on

he surface of the evaporator in the cutdoor unit as a result of the cold weather cutdoors,
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Sven with there being a sensor on the evaporator for when the temperature rsaches a
sertain degreo the cvele reverses in order for the ice to be melted but most of the time the
wver of ice 15 nol melted even after reversing the cycle which leads to there being more
san one layer of ice on the evaporator which in conclusien lceds to a lack of air

seditioning efficiency.
~2.11 Variable Speed Caontrol

v =mable spead contral of induction motors of the sizes found in screw comprassors is
serformed by an inverter, Inverters work by rectifying the incoming AC mains W a
sesdy DC voltage and then digitally “chopping’ it at high frequeney to produce a variable
Sequency, variable vollage output waveform. This variable frequency waveform allows
“e speed of the motor to be varied efliciently to match the air demand, and the
=roprocessor controls allow fast and accurare pressure control.

Sowcial ‘switched reluctance drives’ are used with switched reluctance motors, but while
Se technology is different; both approaches use variable speed control and share the

weme core benefits. Figure 2.14 shows variable speed contrel [10]

Ll
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Figure 2.14 Example on speed control

2.4 The Microcontrollers and FPGA

T 41 Microcontrollers

\icsocontroller is a highly integrated single-chip microcemputer. Microcontrollers
wclude a CPU to process information, program memory 1o store instructions, data
memory to store information, syslem timing, and inputoutput seetions 10 communicats
wth the outdoor world.

+ microcontroller can do the work of many different types of logic cirouits, Discrete
wec circuits are permanently wired ro perform the function they were designed ta do. If
e dasign requirements are changed slightly, an entire printed cirenit board or many
Soards may have to be redesigned Lo accommodate the change. With a microcontroller
seforming the logic functions. most changes can be made simply by reprogramming the

wcrocontroller. That is, the software ( program) is changed rather than the hardware
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\oaic circuits). This makes the microcontroller a very arractive building block in any
Soital system. With 2 microcontroller-based design, the designer can simply add a
“eature set to the produet with minimal software/hardware changes. Microcontrallers can
w0 he used Lo replace analog circuitry. Special interface circuits can be used to enable a
= crocontroller to input and output anzlog signals

WEcrocantrollers can efficiently be used as single-chip replacements in such applications
ik significantly lower develaopment cost and fast timz (0 market.

e of the great benefits of the electronic revolution is that it brought intelligence. and
wh it adaptability, o traditional clectro-mechanical devices. By continuously gathering
sformation on the performance of the device, ils operating environment, and other
Seors. micracontroller intelligerice can determine a new and proper srategy and then
wmmand the surrounding device to react. The most impertant of these are the new
ss=lligent applications which are adapted in real time to changing conditions, such as the
v that senses when the cloth beneath it has reached the proper temperature and

s smure. or the vacuum cleaner that adjusts its speed and brush height automatically to

shenoss in carpet nap. [11]
Microcontroller Architecture

Swure shows the general block diagram of a microcontroller, In gereral any

ceneontroller architecture cantinas the following main components: [11]

L211.1 Central Processing Unit CPU

Cewt=al Processing Unit (CPU) is the heart of a microcontroller where all of the

wetmetic and logical operations arc performed. This is the calculator part of the

wsocantroller. The CPU aets program instructions from the program memory., [11]




~4.1.1.2 Program and Data Memory

Sogram Memory contains & set of CPU instructions organized into a particular sequence
= do a particular task. Program Memory is referred ro 25 Read Only Memory (ROM) or
OTP/EPROM. OTP or “One-Time Proprammable” can be programmed onlv once and the

srogram 1s stored permanently, even when the microcontroller power is turned off.

Executon Cammral o
Tt ¥
S1n

Figure 2,15 Microcontroller General Block Diagram

Sszram memory enables the micracontroller to immediately begin running its program

&= s00n as it is turned on.

“ta Memory can be both read and written and is required for the program stack, data
Worsge, and program variables. This type of memory is commonly referred to as Random
Secess Memory (RAM). Each memory location has a unique address which the CPU
s 1o find the information it needs. A typical microcontroller contains both ROM and

BEAM type memory.
~or the storage of data une microcantroller may use different types of memory:

*  On-chip and/or external RAM (volatile and/or non-volatile)
=  (On-chip and/or extemnal FT.ASH
* EEPROM. [9]




24113 Inputs/Outputs and Peripherals

Microcontrollers require interface sections to communicate with external cireuitry. Input
sorte allow data and status conditions to be read into the microcontreller while the autpur
serts allow the microcontroller to affect external logic systems. The inteifaces between
#= microcantroller and the ouwdoor world vary with the application, and may include
Seclay units. kevpads, switches, sensors, relays, motors, and so on. Peripherals are used

Sw the input output operations with external sensors and actuators and for the

swemunication with external networks over standard buses. [11]

241131 Apulog to Digital and Digital to Analog Converters

4= malog-to-digital converter (abbreviated ADC, A/D or A to D) is an electronie circuit
S converts continuous signals to discrete digital numbers. The reverse operation is
petormed by a digital-te-analog converter (DAC).

Sumcallv, an ADC is an electronie device that converis an input analog voliage to a
Sl number. The digital output may be using different coding schemes, such as binary
e mwo's complement binary. However. some non-glectronic or only partially electronic
Wec2s. such as rotary encoders, can also be considered ADCs,

S esolution of the converter indicates the number of discrete values it can produce

e the runoe of voltage values. 1t s usually expressed in bits,

W secironics, a digital-to-anelog converter (DAC or D-to-A) 15 2 device for converting a
S (usually binary) code o an analog signal (current, voitage or electric charge).

e tslsn-analog converters are the interface between the abstract digital world and the

e real life. Simple switches, a network of resistors. current sources or capacitots

splement this conversion, [12]
DAL usually only deals with pulse-cede modulation (PCM)-cnicoded signals, The job
Seevertine various compressed forms of signals into PCM is left 1o codecs.

\AC fundamentally converts finile-precision numbers (usually fixed-point binary

) intor a physical guantity, usually an clectrical voltage. Normally the output
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vbltage is a linzar function of the input number. Usually these numbers are updated a1
uniform sampling intervals 2nd can be thought of as numbers obtained from a sampling

process. | 13]
2.4.1.2 Microcontroller Applications

Microcontroller’s applications are mare or less limited only by the user imagination.
Microcontrollers now reside in our televisions, keyboards, modems, printers, telephones,
cars. househeld appliances, and every other part of home and work life, The market for
microcontrollers continues 1o expand rapidly, encompassing 8 wide range of consumer,
industrial, automotive, and telecommunications applications. In fact, a typical home
wday cortains over 35 microcontroller-hased products. The emergence of new low cost
microcontrollers offers a wealth of benefits for today’s consumer applications and
represents an entirely new profit source for manufacturers. In the past, the high cost of
slectronics limited the use of microcontrollers to "high tech" applications such as video
r=corders, steren systems, and high-end durable goods such as washing machines. Today,
the application base has broadened to include systems such as coffes machines, irons,
shavers, and cleaners, where the intreduction of electronics helps to provide product

&fferentiation and allows the inclusion safety features. [11]

242 Micro Weh— Server

Micro web-servers are microcontroller systems with an integrated chip that contains a
seocessor and ports. It also contains the reguired TCP/AP protocal stack o establish an

Ltemel connection, Micro web-servers can be embedded in remote control systems 1

setwork-enable remete applications.

Manv web-server options are available to comsfruce, achieve the connactivity and
wontrolling tasks. Pico weh-servers and Micro Weh-servers are candidate categories to be

w=ed in such-systems.




Micro web server epplications now include remote monitoring, industrial automation and
process control, home auwtomation. lighting control, environmental moniloring, remaote

=lemeatry and tast and lab squipment monitaring.

While both the low-end &nd high-end solutions have their place, the reality 15 that in the
smbedded world most applications have the following requirements: Low-cost, Single-
chip solution, and B-bit or 16-bit performance. So, the requirement here is for 2 high-

serformance chip that is very cods efficient. [11]
243 PIC Microcontroller

PIC is a family of RISC microcontrollers made by Microchip Technology, reparded that
PIC stands for Peripheral Interface Conwoller. the 8-bit PIC was developed in 13735 to
sprove performance of the overall system by offloading /0 tasks from the CPU. The
#1C used simple microcode stored in ROM to perform its tasks.

PICs use a RISC instruction ser, which varies in length from about 35 instructions for the
ww-end PICs to about 70 instructions for the high-end PICs. The instruction set includes
astructions 10 perform a varicty of operations on the accumulator and a constant or the
sccumulator and a memorv location, as well as for conditionally execuling code and
‘umpingfealling other paris of the program and returning from them, and specific
sardware (eatures like interrupts and one low-power made called sleep. Microchip
srovides a freeware IDE package called MPLAB, that elso includes a sofiware simulator

2= well as an assembiler, [14]

~43.1 ToothPIC

ToothPIC is a PIC microcontroller and BlueMatik radio combination, TeothPIC
combines a PIC18LEFS720 microcontroller and a BlueMatik Bluetouth radio, and is
sr=loaded with ToothPIC Services including FlexiPanel user interface server.

The FlexiPanel User Interfuce server takes advantage of FlexiPanel Lid®s unique user

=erface protocol. Remote devices such as PCs, PDAs and celiphones can connect to
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ToothPIC using a Ireely available FlexiPanel Client software laver, Once connected, the
FlexiPanel Server tells the remote device what controls to display on its user interfice.

Both the user and TeothPIC can then modify the user interface controls as reguired. [15]

Figure 2.16 ToothPIC with mobile

-44 FPGA

sield-Programmable Device (FPD) refers to any type of integrated circuit used for
mplementing digital hardware, where the chip can be confgured by the end user to
==zlize different designs. Programuning of such devices oflen involves placing the chip
=ip 2 special programming unit, but some chips can also be configured in-system.

The vse and development of new types of sophisticated field-programmable devices

#2Ds), has changed the process of designing digital hardware dramatically over the past

w years. In the previous, design was done using hoard-lavel desiens using SS1I chips

! basic gates. Today virtually every digital system design consists of high densiry
s=vices, This includes almaost all tvpes of digital devices like processors. memory, logic
cwcuils such as state machine controllers, counters, registers, and decoders. When such
circults are destined for high-volume systems they have been integrated inta high-density
=tz arrays. However, gate array costs are too expensive and gate arrayvs take too long to
sanufacture for prototyping. For these reasons, most prototypes, and also many
sroduction designs are now huilt using FPDs. The mest compelling advantages of FPDs
w% instant manufacturing turnaround, low starl-up costs, low lnancial risk and case of
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desipn changes. The market for FPDs has grown dramatically over the past decade to the

point where there is now a wide assertment of deviees to choose from.

A Programmable Logic Array (PLA) is a relatively small FPD that contains two levels of
logie, an AND-plane and an OR-plane, where both levels are programmable. PAL on the
other hand is a Programmable Array Logic (PAL) which has a programmable AND-plane
followed by a fixed OR-plane, An SPLD refers in general to PLA or PAL

Now davs more complex programming array technologies are used, this includes CPLDs
znd FPGAs. CPLD. a more Complex PLD, consists of an armangement of multiple SPLD-

fike hlocks on a single chip.

Fizld-Programmahle Gate Arrays, FPGAs, on the other hand are FPDs [eaturing a
seneral structure that zllows very high logie capacity. Whereas CPLDs feature logic
sesources with a wide number of inputs (AND planes), FPGAs offer more narrow logic
sesources. FRGASs also offer a higher ratio of flip-flops 1o logic resources than do CPLDs.

Soth FPUAs and CPLDs uses Lopic Blocks, a relatively small circuit black that is
wolicaled in an array, 1o implement circuits afler decomposing of each circuit and
=spping it into a logic block. These logic blocks are usually connected using an
“serconnection wiring and Programmable Switch resources. The amount of digital logic,
eie blocks, that can he mapped into a single FPGA is ealled Logic Capacily. This is
wsually measured in units of equivalent number of gates in a traditional gate array. Logic
Density is the amount aof logic per unit arca,

Soeed / Performance are mezsures of the maximum operable speed of a circuit when
weclemented in an FPGA or CPLD. For combinarional circuits, il is set by the longest
Selsy through any path, and for sequential circuits it is the maximum clock frequency for

wich the circuit functions properly. [16]
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24.4.1 Evolution of CPLD and FPGA

Manutacturing standard digital svstems usually takes a lot of time because each design
change required that the wiring be redone which usually meant building a new printed
rcwit boerd, This s problem can be selved by placing an unconnected array of AND-
Wi gates in a single chip called a programmable logic devies (PLD).

‘he PLD contained an array ol [uses that could ke blown open or left closed to connect
various inputs to cach AND gate. PLD cen be programmed with 2 set of Boolean sum-oft
sroduct equations se it would perform the logic funetions in 2 system. Henee no need to

kange a printed cireuit beard connections, Figurs 2.17.

OrOOTETyTIAnIE AR array
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Figure 2.17 PLD Archirecture

simple PLDs can anly handic up to 10-20 logic cquartions, not fitting a very large logic
=sign into just ane of them. Hence the designer sheuld figure out how to bresk larger
s=signs apart and fit them into a sct of PLDs, This is a time-consuming and neceds the
m=rconnection of the PLDs with wirss. Wiring is a big problem because eventually some
s=sign chanpge that couldn't be handled just by reprogramming the PLDs and then
suilding a pew circuit board. Building much larger programmable chips called complex
srogrammable logic devices (CPLDs) und lield-programmable gate arrays (FPGAS)

ild essentially solve the problem and the system on 4 single chip idea can be more

e=sible, Figure 2.18.
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Figure 2.18 CPLD and FPGA Archilecture

% CPLD contains a bunch of PLD blocks whose inputs and cutputs are connected
weether by a global interconnection marrix. S0 2 CIPLDY has two levels of

srogrammability: each PLD block can be programmed, and then the interconnections

sctween Lhe PLDs can be programmed

“PID and FPGA manufacturers use a variety of methods to make the cennectiens
setween logic blocks. Some make chips with fuses or anti-fuses that are programmed by
sassing a large current through them. These types of CPLDs and FPGAs are ane-time
=rogrammahle (OTP) hecause you can't rewire them internally once the fuses are blown.
wher manufacturers make the connections using pass tramsistors thal are opened or
siased by storing a charge on their gate electrodes using a high-voltage pulse. This 1ype
o srogrammable device resembles an EPROM or EEPROM that can be erased and then

siaced in a special programmer socket and reprogrammed, unless the CPLD or FPGA

sens are soldered into a circuit board.

wher manufacturers use static RAM or Flash bits to control the pass transistors for each
serconnection. By loading each bit with a 1 or a 0, by controlling whether the switch is
cwsed or opened and, therefore, whether two logic clements are connecled or net. CPLDs
wd FPGAs built using RAM/Flash swilches can be reprogrammed without remeving

S from the circuis board. Thev are ollen said to be in.circuit or “in-system”

i

wonfigurable or programmable.




egardless of the intercomnection method used, figuring out which switches to open and

=

close in order to create a logic circuit would be quite difficult process. That's why the
chip manufacturers provide development software thar takes a description of the logie
design as input and then outputs & binary file which configures the switches ina CPLD or

FPGA so that it acts like the design.

An Application-Specific Inteprated Circuit (ASIC) comprises an integrated circuit (1(7)
with functionality customized for a particular use {equipment or project), rather than
serving for general-purpese use. For example, a chip designed solely to run a cash
register is an ASIC. In contrast, & microprocessor is not application-specific, hecause

users can adapt it to many purpescs. [16]

2442 Comparison Between FPGA and CPLD

FPGAs are "fine-grain" devices. That means that they contain a lot of tiny blocks
of legic with flip-flops (up to 100000). CPLDs are "coarse-grain” devices. They
contain relatively few larpe blocks of logic with flip-flops(a few 100's max).
FPGAs are RAM based. They nesd to be "downloaded" (configurad) at each
power-up. CPLDs are EFPROM based and are active at power-up.

CPLDs have a faster input-to-output timings than FPGAS,

FPGAs have special routing resources to implement efficiently binary counters

and arithmetic functions (adders, comparators.,.).
FPGAs can contain very large dipital designs, while CPLDs can centain small

designs only. [16]

=443 Comparison Between FPGA and ASIC

* The blocks that are used in FPGA arg similar in structure to the gate arrays used

in some ASIC's, however standard gate arrays are configured and fixed during
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manufacture; the configurable logic blocks in new FPGA's can he rewired and
reprogrammed repeatedly and very fast.

FPGA 15 gencrally slower than their ASIC counterparts, and draws mors
power. However, they have several advantages such as a shorer time-to-market,
and lower development costs.

An ASIC can be made that is a so-called hard copy of an FPGA. Henee an
integrated circuit with the same funcrionality as the FPGA, bul [Faster and

consuming less power, [16]
2444 Hardware Description Languages (I11DL)

Hardware description language or HDL is any language from a class of computer
anguages for formal deseription of electronic eircuits. It can describs circuit's aparation,

t5 design, and Lests Lo verify its aperation by means of simulation,

% HDL is a standard text-basad expression of the temporal behavior and/or (spatial)
sircuit struclure of an electronic system. In contrast to a sofiware programming language,
= HDL's syntax and semantics include explicit notations for expressing time and
concurrency which s the primary attributes of hardware, Languages whose only
smaracteristic is to éxpress circuit connectivity between hierarchies of blocks are properly

cassified as netlist languages.

4 simulation program, designed 1o implement the underlying semantics of the language
s=tements and the progression of time. provides the hardware designer with the ability to
=odel a piece of hardware before it is created physically. This execution capability
=akes il seem like the language is used to program something. Simulalors are capable of
sapporting discrete event (digital), and continuous time (analog) modeling exist and

HDL's targeted for each are available.

“DLs are used to design two kinds of systems. First, they are used to design a dedicated

stegrated circuil, such as a processor or other kind of digital logic chip. In this case,




HDL specifies a model far the expected behavior of 4 vircuit before that circuit is

designed and built. The end result is a silicon chip that would be manufactured.

The sccond use involves programming the programmable logic devices, such as the
FPGAs, The HDL eode is fed into a logic compiler, and the output is upleaded inlo the
sevice, The unique property of this process and of the programmable logic in general, is
iat it is possible to alter the code many times, compile i, and upload into the same

Sevice lor testing.

An HDL program may be tested in hardware. such as by uploading it into a
srogrammable logic device or even by producing a chip based on fts specification,
However, this is generally a very time-consuming and costly process, and generally the
oIk of testing and debugging is done using a program called simulator. The simulator

maintains a reseftable clock, similar to the real clock of a digital device, and allows the

4441 HDL and Programming languages

“n HDL. is analogous to a software programming language, but with subtle di

Soth types of language are processed by a compiler. An HDL compiler often works in

everal stages, first producing & logie description file in a proprietary format, then
somverting that to a logic description file in the industry-standard EDIF format, then
sonverting that to a JEDEC-format file. The JEDEC file contains instructions Lo a PLD
srogrammer for building logic. HDLs used for digital circuit design include: Verilog
‘0L, VHDL, Advanced Beolean Expression Language ABEL DL, Altera T1DI. ATIDL
w2 CLPL. The current trend is to move away from proprietary HDLs and towards the

%o leading standards, VHDL and Verilog HDIL. [16]




Z4.4.4.2 Verilog HDL

‘erilog is one of the major Hardware Description Languages (HDI.) used by hardware

Sesigners in industry and academia. VHDL was made an IEEE Standard in 1987, and

vesilog in 1995, Verilog is very C-like language, Verilop HDL was a propristary

snguage of Cadence.

venilog HDL allows a hardware designer to describe designg al a high level ol abstraction

=ch as at the architectural or behavioral level as well as the lower implementation levels
¢. . gate and switch levels) leading to Very Large Scale Integration (VI.51) Integrated

—meuits (1C) layouts and chip fabrication. [16]
—=4.5 FPGA and CPLD Implementation Procedure

=plementing a logic design with the FPGA or CPLD development saftware usually

sonsists of the following steps as shown in Figure 2.19.
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Figure 2.19 FPGA Programming

The logic circuit design or behavior is first done using any of the HDL languages
like Verilog. Also this design can be described using a schematic editor.

A logic synthesizer program is used to transform the HDIL. or schematic  Inlo 2
netlist. The netlist is just a description of the various logic gates in the design and
hiow they are interconnacted.

Different implementation tools can be used to map the logie gares and
interconnections inte the FPGA. The configurable logic blocks (CLBs) in the
FPGA ean be further decomposed into look-up tables (LU Ts) that perform logic

operations, The CLBs and LUTs are mixed with various routing resources. The

mapping toel collects the netlist gates into groups that fit inte the LUTs and then

the place & roure toni assign the gate collections to specific CLBs while opening

or closing the switches in the routing matrices to connect the gates Logether.




*  Once the implementation phase is complele, a program extracts the state ol the
switches in the routing matrices and generates a bit stream where the pnes and
zeroes correspond to open or closed switches.

The bir stream is downloadad into a physical FPGA chip. The electronic swilches
in the FPGA are open or close in response ta the hinary bits in the bit stream.
Upon completion of the downloading, the FPGA will perform the operations
specilied by the Hardware Design Language (HDL) code or schematic. Henee
applying the input signals to the Input pins of the FPGA to check the operation of
the design at the Quiput pins. [16]

~44.6 CPLDs and FPGAs Applications

Twe of the most commoen uses in industry at this time, and a strong reason for the karge
sowth of the CPLD market, is the conversion of dasigns that consist of multiple SPLDs
oo & smaller number of CPLDs. CPLDs can realize reasonably complex designs, such as
gachics controller, LAN controllers, UARTSs, cache centrel, and many others. As a
wemerz| rule-of-thumb, circuits that can exploil wide ANDVOR. gates, and do not need a
vy large number of Nip-flops are good candidates for implementation in CPLDs. A
Sasificant advantage of CPLDs is that they provide simple design changes through re-
wecramming. With in system programmable CPLDs il is even possible to re-configure

Sardware without power-down.

S90As have sained rapid acceptance and growth over the past decade because they can
e spolied to a very wide range of applications. A list of typical applications incluces;
sedom logic, integrating multiple SPLDs, device controllers, communication enceding

et fltering, small to medium sized systems with SRAM blocks, and many more.

“wher interesting applications of FPGAs are prototyping of designs later to be

“eelemented in gaie arrays, and also emulation of entire large hardware systems.

Saether promising area for FPGA application, which is only beginning to be developed,

W 5= usape of FPGAs 25 custom computing machines. This involves using the




programmable parts o “execuie” software, rathe: than compiling the software for

Sxecution on a regular CPLL [16]
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Introduction

“owadays the Air - Conditien becomes one of the most important devices in the home,

aifice, factory, cic.

“he systemn which we were designed must achieve the cfficiency and easiest in use to be

& step in the development of our new world.

he number of people wha use mobile phones and technologies are increasing every day

0 the systems designers must take this point when designing remote control svstems.

<0 the FPGA and microcontroller are @ main block in any contral system. the range of

“ings that FPGA or microcontroller provides to us enables to fully contrel any device.

“he system which we were designed will use specific commands 10 communicate with

Condition through microeontroller fraom mobile which reflex the user needs. The
semmunication method that may he used to communicate with mobile is SMS through F-

LIS,

"he ussr needs/functions to control the Air-Condition can be classified as:
*  Remotely Tum-On the Air-Condition.
Remotely Turn-Off the Air-Condition.
Remotely Set the temperature.
Remotely Read the temperature.

22 Project Objectives

s prujects aims at achicving the following objectives:

* Lisc mobile as remote contral.
There are many ways in which we can use the mobile as remote control, like GPRS.

SMS, Bluctooth, eic. in this svstem we will use SMS.




r  Controlling Air— Condition.

In controlling the Air — Condition we deal with alements in the Air — Condition that
enables us to achieve the user requirement specified in this svstem. An exampls on
clements is relavs, sensors, ete.

= LUse Microcontroller Technology for controlling dilferent devices.

In this systerm we choose the Air— Cendition as an example to contool,

* [nterface mobile phone with controller systems using FRUS technology.

there are two ways in which the system controller can be interfaced to the mobile,
one of them is serially (F-bus), and the other is wirelessly (Bluctooth). In this system

we were chasen the FBLIS.
3.3 System Functional Requirements

The system must be able to do the following:

* Remotely Switch on the Air— Condition
* Remotely Switch off the Air— Condition
* Remotely Set the temperature,

* Remotely Read the temperature,
4 System Components
= this project we will use two peer mobile phones which communicate directly with gach

wher using the GSM system Lo control the home devices through the specified control

mrdware,
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Figure 3.1 Remote deviee control using peer Mobile phones through GSM
syvslem

As can be seen from Figure 3.1, we can group the project components under the
following categories: the Client (or Remote side) using a mobile phone, the Peer Mabile
at the home side, The GSM communication system between the Peer mabile phones, the
Hardware Controlling System (the Controller) and the controlled devices (the Air-
condition in our project). These main components are linked o each other with (he
sppropriate communication channel. In the lollowing paragraphs we will describe the
zeneral function of each of these components, and in the next chapter & more

somprehensive desizn optiens and explanations will be presented.

* Client Mobile ( Mobile Terminal)
The client mabile is a mobile which is used o remote control the svstem. It is also

redlex the user needs.

I'nis mobile use the GSM network to control the system by develaping a program that
use the text messaging service (SMS) to send commands controlling the system,

*  Peer Mobile

The peer mobile is directly atached to the system controller. It receives fhe
commands from the client mobile (Mobile Terminal) by GSM to control the system

by SMS text messaging, If the on — line methed is used to control the system then the
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peer mobile must has & J2EM application program. And send the commands to
system controller, In the two previous cases (J2EM or SMS) the peer mobile may use
(AT commands or the same J2EM application program but with additional tasks 10
comimunicate with svstem controller).

= System Controller

System controller receives the commands from the peer mobile and according 1o a
logie that has been programmed by it specifies the operation (Tum on, Furn off, Set
iemperature, Read temperature) and send signals to the Air ~ Condition 10 doit. The
system controller (2051 microcontroller). The physical connecrion between the
svstem contreller and the peer mobile will be (F-bus). 1'he next chapter considers all
design optiens using different contallers and communication techniques.

= Ajr— Condition

e Ajr- Candition is the device that has been chosen Lo be controlled, it can be
replaced by any other device in the smart home, but as =aid before because of ils
'mportence in the smart home we choose it. The Air— Condition receive signals [rom

the system controller and the system conrtroller read signals from it
15 General Bloek Diagram

The general block diagram shows the main blocks in the project, as seen from the next

gur= that there are three blocks the GSM Network Black that includes the two maobiles
% peer and terminal mobile, (he sysiem controller (BBS1 microcontroller) which 1s
wonsible for communicating the peer mobile and the device which is the Air —
endition, and the last bloek is the Adr — Candition which the device to be controlled.
W5 s the mext sub seetion shows the system block diagram which is a more detailed

Seesm shows more specific information about the praject.

L+ - Condition

Svstem ‘ GSM Network
Coniroller <L4__‘>i {Two Mobiles)

Figure 3.2 General Block Diagram
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35.1 BSystem Block Diagram

e

CAEM
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Adr- Conditon
Figure 3.3 System Block Diagram with T- bus
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Figure 3.4 Sysiem Block Diagram with Bluetooth




3.6 How Does the System Work?

A mobile connect to another mobile through the GSM network by sending an (SMS), ona
of the mobiles is connected in <ome way through (F-bus) to system controller

{microcentroller), whick is connected to the Air — Condition.

When the conmection established between the lwo mobiles, then the user send a
command, the mabile on the other side receive this command and the system controller
decode this command and send signal to the Air - Condition relavs in order 1o switch on,

switch off, 2nd set the temperature.

A user may need to read the temperature so after the svstem controller decode the
command, it read the Alr — Condition temperature sensor and the mobile send the

emperature 1o the user maobile.

A system contreller (microcontroller) receives input from the sensor. According to the
woftware logic on the system controller, if the user wants Lo set the temperature (increase
or cecreasz) then the value which the user send will be saved in the system controller and
e system controller send a zignal to the relay that control the compressor, in that lime
e system controller read temperalure sensor, when the lemperature sensor gives the

same value that have boen saved, the system conlrollor stop the ¢ompressor.

T the wser wanis 1o read the temperalure, simply the sysiem controller read the

=mperature sensor and sends the value to the user.

sinzlly the system controller has an input and outpur perts that deal with the Air -

—ondition relays and sensors, and also in some way connected to the mobile (F-bus).
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4.1 Introduction

Different design options can be considered in onder to achieve our goals in contralling the

Alr — Condition svstem,

\ll design options will use the same GSM technology protocal options in sending or
receiving the commands o control the system. These oplions are explained in section 4.2:
section 4.3.1 to soction 4.3.2 conlains differsnt design options for the system.

Also this chapter contains the Interfacing cireuits and project schematic, while choosing
the system controller the 8051 microcontroller and SMS 1o send the commands from the

user to system controller.

4.2 System Controller Design Options

There are different design aptions for the system controller; this section il lustrates each

e of them,

121 TFPGA Controller

One of the options is te use the FPGA as a contraller for the system; the following figure

chows the FP(GA attached to the system.
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Figure 4.1 FPGA controller

= [oflowing paragraphs descricd two kinds of EGPA boards which can be-used o
contro] the system,

£21.1 Altera

“iera s the name of company that pruduces education board based on FPGA
=canology. We think of UP2 education board as design option for the system controller,

"% UP1 and UP2 Education Boards are stand-alone experiment boards, When used with
e MAX-PLUS

IT University software, the boards provide a superior platform for

=eming digital logic design using industry standard development 1ools and PLDs.




the hoards are designed to meet the needs of instructors and students in a laboratory
snvironment. The UP! and UPZ Education Boards support both look-up table (LLIT)-
=ased and produet term-based architectures,

The following figure shows the block diagram of UP education baard,
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Winx is the name of company that produces education board hased on FPGA
schnology. We think of Virtex — Il education board as design option for the system
senirnller.

vaex-Il Prototype Plarforms are prototype and demonstration bozrds that allow
wsigners o investigate and experiment with the features of Virtex-11 series FPGAs
=sains of FPGAs and serial PROMSs). The following figure shows the block diagram of

vimex — 11 education board,
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Figure 4.3 Virtex - IT prototype platform bleck diagram
422 PIC Controller
The PIC microcontroller can be used as a system controller; alse there are different ways

= configure the PIC 1o the system.

“he next figure is a diagram of PIC microcontroller connected to the system.
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Figure 4.4 PIC Controller
4.2.2.1 ToovthPIC Controller
The idez of this design option is to use Bluetooth to communieate the mobile to the PIC

microcantroller; one af the most impartant benefits ol using this microcontroller is that

e communication between the mobile and the PIC microcontroller is relizble.




BloeMatlc Sensor

+— | Tempreture Sensor |

Relavs
Suftware
Lagic Compressor motor, Inside fan molor,
—+ | Duiside fan motor, Revers valve, Srep
ToothPIC Mitrocontrallor B

At - Condition

Figure 4.5 ToothPIC Controller

A device called BlueMatik used to provide Bluctooth to the PIC micracontroller, the
fellowing figure shows the PICI8LF6720 microcontroller attached to BlueMatik.
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4.3 Mabile to Mobile Design Options

Although the communication between the peer mobile and the client mobile is done

through the same GSM technology protocol, there are different ways to do that.
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Figure 4.7 Mobile to Mobile Design Options

Text messaping service (SMS) is one of the ways that user client mobile can sendireceive
sommands to/from system. In this option predefined commands are given to the user, the

=<t send the command to the system controller which decode the command and axecuts
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%52 Real Time Calling/Control

“sether design option for communicates the two mabiles is to use real time calling, in
Seh e user simuitaneously communicate with sysiem controller in order to control the

“- Condition, The advantage of this option is thet the user presses a key and the result

=55 aved on the mobile sereen.
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4.4 Interfacing Circuits

In this section, we will explain the interfacing circuits thar were besep buill, in arder 10

wonnect different parts of the system.

The following circuits were used to connect microcontroller to other components in the
the microcontrol ler

system, Belore showing the circuits, we will show in the next figtire

schematic (the system controller which we usad in the project), the system controll

the 8051 micracontroller,
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Figure 4.10 Microcontroller schematic




* Circuit [ ( Relay & Optocupler)

This circuit was used to connect the microcontroller with the Air — Condition, the
microcantroller send g signal with =3V to the Optocupler, which operate with +12V and
trigger the Relay, which used to contrel a component in the Air — Condition like fan,
There is two type of relavs used, the [irst is 10mA relay, and the second is 20mA relay.

Fach of them is +5V relay. The following two figures show the two relays used in the

project.
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Figure 4.11 10mA relay circuit
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Figure 4,12 20mA relay circuit

in the projecet we use four 10mA relays and one 20mA relay. to control the Aj
Condition components according to commands from the 8051 microcontroller board,

The fellowing circuit shows the five relays.
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Figure 4.13 Relays in the project

«  Cireuit TT (MAX232)

The MAXZ232 was used for voltage level shifting between the microcontroller and the
mobile: we need two MAX232 chips in order o make the voltage coincidence between
mobile and microcontroller. The first MAXZ232 chip used to minimize the voltage of the
microcontroller from +13V to +8V, the second MAX232 used to minimize the voliage
from —8V to +3.3V which is the voltage that mobils FBLS operate with it.

Ihe first MAXZ32 circuit was built with micrecontroller board, while the second circuit
is built indooer the DRL-3P cable which we can buy or make.

The first MAX232 circuit which was built into the miczocontroller is shown in the next

figure,
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Figure 4.14 First MAX232

the pins 1} and 12 on the MA X232 chip are used to send and receive from the main port
of the microcontroller, while the pins 10 end 9 are used to send and receive from the

Auxiliary port.

We need a second max chip in order 1o connect the micracentroller to the mobile. The
llowing figure is the internal diagram of the DLR-3 cable, which is contain the max

chip used for the previous purpose.
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Figure 4.15 DLR-3 cable

Although there is a DLR-3 cahle you can buy, which is in the previous figure, We can
outld it; the following figure shows the components and a circuit of the cable you can

suild in order to connect the mobile to other devices.
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Figure 4.16 Mobile to other devices circuit
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*  Circuit TIT (Temperature Sensor Circuit)

The following circuit shows the temperature sensor (LM33), interfaced to the 8051
microcontroller (system controller). the ADCO804 is used to convert the volts to
digital signals then stored in the laich (74L5244), when the latched enabled the digital

signals transferred to the controller and decedes to temperature in Celsius,
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Figure 4.17 Temperature Sensor Interfacing Circuit
4.4.1 PFroject Schematiec

The svstem desizn represents the complete interface between the components,
erefore, to control the Air — condition by the cellular phone. the following design has

to be built und tested carefully to achieve the needed objectives.
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Chapter Five

Software System Design

5 Software System Design
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5.1 Introduction

In this chapter, the detailed description for the micrecentroller program. the program
which will reccive and decode the message send from terminal mobile user to pesr

mobile cannected to the system controller, and also will inttiates specific operation on the

Alr - Condition.

The program will communicate with the peer mobile, sends an AT command and receive
the message Irom the user; the mezsage will contain a number that specify the operation

to be done.

There are several AT commands for the SMS messaging that enables us o get whatever
information we need from the peer mobile, for example 10 read message either in PDU
formar or in the text formai, according to specific parameler we send in AT commands
through the FBUS of the peer mobile we will have the desired output that contain the

needed information.

The microcontroller program wil! be responsible for the following, send an At command
o the peer mobile from the microcontroller serial port, receive the response from the
mobile, decode the received response. and send a signal to specific microcontrolier part

that contrals the Air — Condition.

3.2 Software Requirement Specification

For the microcontroller software, there are needs; the following paragraph describes

thent.




3.2.1 Miecrocontroller Software Requirement Specification

*  Win 95/98'MENT/2000/XP

The 8051 based system (microcontroller) needs to work on one of these Windows
version in order to write the vode in any text editor, also usad the HyperTerminal

pragram for transfer the code o the microcontroller,

* HyperTerminal

HyperTerminal program. which comes with pervious Windows versiaons, can be psed

10 obtain information from any external device such as microcontroller or modem, or

o send anv data to these external devices: in this system it is used to esiahlish the

connection between the PC and the microcontroller, where iz vzed 1o transfer

assembled programs to microcontroller,

To setup the conneetion of the HyperTerminal, the [vllowing procedure should be

performed.
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Figure 5.3 COM1 Connection Proprieties

* Assembler or C Compiler

The 8051 microconmroller programming is dealing with the hexadecimal code, so there is
2 need forthe C compiler or assemble to convert the code from languaze cede 1o machine
code “hexadecimal™.

The system programmed in assembler language related to the requirements of the project,
where the SDCC and AS31 compilérs are used Lo convert from assembler code into the
sexadecimal code.

“he following figure illustrares kow to run the assembler program to assemnbly a program
Sat was  written  in notepad on the location ¢\ and its rame s

microconiroller recieve.asm

6
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Figure 5.4 Assembler

*  Microcontroller communication

in order 1o download the program to the microcontroller, connect it to the computer, by

using a standard 9 pin serial cable; the serial cable is connected between the computer

COM port and the microcontroller main port, which is used for prugramming the

microcontroller. The next figure shows the serial cable used to download the program to

the microcomroller,

Figure 5.5 Serial Cable




. Mobile Communication

Firstly we need a mobile, which support SMS AT commands to communicate with, And
SIM card inta it, 1o send and receive messages from the user terminal mobile.

Secondly we need a DRL-3 cable which used to connect the mabile to computer or 10
other devices like microcontroller in order Lo communicate with, By using this cable we
can send an AT commands through the FBUS of the mobile. The next fipure shows the

DRL-3 cable, it is known dlso as FBLS cable.

Figure 5.6 DLR - 3 Cable

5.3 Controlling the Air — Condition

Controlling the Air — Condition will be done through a simple procedure, the
microcontrolier will receive the user message and decode it, then if the temperalure I3
more than 20°C (heating mode) send signal to specific relay, sach relay will be

responsible for controlling a companent in the Air — Condition, for example to control the

kR




compressor. By the way the Temperature 20°C and the heating mode were chosen for the

implementation.

5.3.1 Scnding Signal to the Relay

The microcontraller has ports that deal with the connected devices to the microcontroller.
Because the relays in the markel is operating at { +12V), we will use an Optocouple that
aperates at (+3V) that is the signal the microcontroller send it, and the Optacoupler will

then make the relay operates.
* Sub Code For Sending Signul to Relay

Ihe algorithm in which we can send an signal to relay is very casy. all what vou need is
1o specily the port address after setting the PPI chip ports to be output, and then send the
data from the accumulator to the address was specified in the form of byte, decimal. or

hexadecimal as desirad,

The following is a sub code; the complete code is in the appendix.

mov  dpre.#0xFRO0D
mov. aHL111111D

movx [@dptr.a




*  Flow Churt

The following two flowchars describes how the Air — Ceondition controller acts in

cooling and heating modes.
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Figure 5.7 Flow Chart 1 Cooling mode
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3.4 Moaobile Communication

Meobile communication is to connect the peer mobile, and send an AT command (o read

the message sent hy the user lerminal mobile,

Lhe lollowing is the sub code and Nowchart for mabile communication.

3.4.1 Sub Code for Sending AT Command to Mabile

In erder to send an AT command 1o the peer maobile, firstly the communication between
the microcontroller auxiliary serial port and mobile must ke enabled, then send characler
by character from serial buffer to the mobile FBUS. wait for the response from the

mabile, decode the received respunse and do the operation.

mainloop:
cr p34 sredirect output to aux port
mov  dpir, #mesg2
lcall  pstr send mesg? to the aux port
mh swail for it all to leave
jnb ri,*® swait for the 8051 to set the RI flag
mov  a,shuf :read the character from the serial port
moy rla : save the value of accumulator in the
mov  12,a :11r2,r3 general purpose repisters
moy r3.a
anl  a,l s compare if response equal |
jnz  On
mov a.rl
anl a2 : compare if response egual 2
jnz Off
moy  ara
anl a2 : compare i response equal 3

jnz  SestTemp

mov. &1
anl ad : compare if response equal 4
jrnz  GetTemp

Iimp mainlocp




" Flow Chart

The following flow chart deseribes how (he microcontroller acts when commun icating

with the peer mobile,
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Chapter Six

Implementation and Testing

6 Implementation and Testing
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6.1 TImtroduction

The whole system will be deseribed in this chapter, that's mean how the system is
implemented and tested will be discussed.

An implementation hes been dane for each part of the system separately, the interfuce
was done between those parts and the main brain of the project which is the 8051
microcontroller, the ingrface of the system was contrallzd by the user command

determined by the SMS message as environment of sending commands,

6.2 Air - Condirtion

An Air — Condition is one of the main parts in the praject, It contains two units an indoor
unit and an outdoor unit. The outdoor unit was broy ght in from the refrigerant workshops
at the university; the indoor unit was brought in from the refrigerant and air conditioning

labs,

6.2.1 Air — Condition Implementation

in the Outdoor unit the compresser was not working and it was replaced with a different
compressor bul with the same characteristics, and so on the indoor unit and out side unit
were connected on a base of metal and wood so that the conngcting process would be
easy, and the controlling unit would he connected in the seme way. The next process was

to fill the Air - Condition refrigerant R22, Secondly the Air — Condition was tested

manually and it worked.

An interface between the Afr - Condition and the microcontroller was done because we
found that the microcontroller gives a +5 volt output, where as the Air - Conditian parts
work on a +220 volt and so the circuit was dane to help with the difTerence in voltage the
cireuit interface contains Relays. Oplocoupler, and resistance. The relay of the
compressor is different from Lhe other relays that are used in the Air - Condition parts,

because it is 20mA while the others ars 10mA.,




The following fipure shows the Air — Condition indoor and outdoor units connected on a
based of meral and wood.

Figure 6.1 Air - Conditivn on the Base of metal and wood
In erder (o implement the design in chapter four sending signal from the microcontroller

1o the Ajr — Condition, the relays and Optocoupler circuit was made, The following figure

shows the relays and Optocoupler circuit.

o7



THG LR T
Lt bl e g

Figure 6.2 Relays and Optocoupler Circuit

The previous circuit was built to control the components of the Air — Condition. I
consists of five relays. five Optocouplers, and necessarv resistors, Four of the relays are

10mA the next figure shaws onz of them.
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Figure 6.3 10mA Relay Circuit
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The last relay is 20mA with a 2N22194A transistor; the next fizure shows this relay

cirouit.

Figure 6.4 20mA Relay Circuit

The relay and Optocoupler circuit first is built and tested with licht (220V), afler that it

lested with signal from the microcontroller on the Air — Candition and it was worked.

6.3 Mobile

‘The mobile provide the connection between the user terminal mobile and the peer mobile
connected to 8051 microcontroller. Nokia 6100 mobile was chosen far the

implementation, the following figure shaws the Mokia 6100 mebile.
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Figure 6.5 Nokia 6100 Plhone

Nokia 8100 contams sn FBUS for serial communication, also the Nokia 6100 support the
AT commands for the short messages serviee (SMS), because of the previous reasons we

chose the Nokia 6100,

6.3.1 Moaobhile Implementation

Ta implement the design in chapter four, we connect the DRL-3 cable with mobile FBUS
and cannect the transmit (Tx), receive (Rx), and ground (GNI) of the other side of the
cable with microcontroller auxiliary serial port, but we didn't have a response from the

mobile, This problem discussed in the next section.

6.3.2 Mobile Communication Problem

When the previous problem arises, we firstly conneet other pins from the DLR-3 cable to
the microcontroller auxiliary serial port like DTR, but we also didn't have a response
[rom the maohile. Secondly we made the following test, we connect the DRL-3 cable to
the microcontreller auxiliary serial port and after the cable we see the signal on the

oscilloscope, we find that it is squal to the range that the mobile FBUS operates with (-

25V o +3.35),
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Adter that we deiced to test the cable with computer [HyperTerminal program, so we test
the DRL-3 cable with the HyperTerminal, but we cannot also have any response from the

maohile.

The last test was to connect the MAX232 on the microzantroller to other MAX232. the
second MANZ232 was connected o the mabile FBUS, and also this test fails to have

response from the mobile.

To be sure that we arc in the right way, we made the loop test, which means that to
connect the transmit and receive of the microcontroller auxilisry serial port, then send a

message from auxiliary serial port and we receive it back. Also we send a message

CQur expecration about the mobile communication problem from the 8031 microcontroller
is the DLR-3 cable in the market is a commerce cable, also it contains a microcantroller
in it and we didn’t now how it works. Although we search for the schemaric of the cable
in the internet but we cannot analvsis its funetionality, Also mav be it is one of the Nokia

SeCrets.

At that time we decided to search for a cable driver to Iry Lo connect to connect the
mobile o HyperTerminal program, then we find the PC Suit software that has Nokia

Cable Driver with its package, then we can pet response from the mobile.

Because of the previous problem, we add the computer to the project schematic, The new
schematic will contain the terminal mobile which communicate with the paer mobile
through the GSM network, the peer maobile connected to the computer Coml port, the
microcontroller connected to the computer Com2 port, und the microcontroller connecied
io the Air — Candition. To do the previous we think to make a Visual Bagic.Net program
to send the received messape from the computer to the microcontroller specially that

there are project on the intermet do that, The new project schematic is in the next fgure.
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Tigure 6.6 Second Project Schematic




6.4 Microcontroller

I'he system nzeds the 8US1 microcentroller in order o navigate the whole operations of
the Air — Condition, and communicate with the peer mobile. We chose the 8051
microcontroller beezuse of ils wide range of features that enable us to communicate with

serial port and controlling the Air — Condition,
6.4.1 Microeontroller Implementation

Before talk a bout the microcontroller implementation, here are some of the

microcontroller features,

»  Standard 87C52 CPU clocked at 22,1184 M iz,

» 50 YO lings. All 'O lines are clearly labeled and available at the edpe of the
prototype construction area.

e 33k SRAM, program variables and code (24K usable for code download)

= 30k Flash ROM, non-volatile program storage and data logging

= High speed baud rates: 115200, 75600, 38400, etc. All standard haud rates are
supported (except 300 baud).

» Display porl, works with standard character-based L.CTs. A 16x2 display will be
dvailable ftom PIRC

» Eight LEDs. contralled by 8 dedicated [/0) linas (nat shared with the S0 1/O lines)

= Bus expansion with 4 chip select signals, for addinz L'ARTs, A/T) converters and
other bus-hazed peripheral chips.

= Unregulated, polarity-protected DC voltage input with 2 posilion terminal block.

=  PAULMONZ monitor {or easy code development without additional eguipment.

The loliowing figure shows the B03 1 microcontroller board,
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Figure 6.7 851 Microcontroller Board

About the implementation, We firstly test the example programs on the internet like the
blink fed example which make the sight leds on the microcontraller on and off ane after
another. After that we test the ports on the microcontraller that are controlled by the two
PI'l chips on the board by switching on and off' a led canneeted to specific pin part. The

[ollowing is the memory map for the two PPI chips and its functionality,
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|Fooo | ForF | a2css (0,E, Fy |
| | Fo02 |qmwe Port F |

| Fo03 WR Only | |  Conifig DEF

F901 | RD/WR |Part £ :h&Dn}

Table 6.1 8051 Microcontroller Board

Secondly we communicate with the mobile, and the problem described in section 6.3.2

were arisen we solve it as we explain previously,

6.4.2 Microcontroller Failure

During the work on 8031 microcontroller board, the processor chip and the two PP chips
were damaged, may be il was need additional regulator circuit than the one on the board,
but we didn't expect thal, may be this is was happened becuuse we use the

microcontroller board every day and night.

So to implement the system, we usc the same project schematic in section 6.3.2 but with
some ediling, we use the eomputer parallel port 1o implement the idea, so the ¢computer
running a Visual Basie.Net program which receive the message by the Com port which is
cormecied ta peer mobile FBUS by the DLR-3 cable from the user, and from the
computer parallel part send signal to relay and Optocoupler circuit to control the Air —

Candition components. The new project schematic is in the next figure.
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7.1 Introduction

The project that has been done was a siep for developing the idea of remote control for
devices, specially the Air - Condition. Also the project was 2 gond step in developing
smart houses. Meanwhile we have some recommendations and suggestions for the [uture

work, The following section will discusses them.

7.2 Expected learning Qutcomes

We were expecting to leam the following things before the beginning of implementing

the project.

* Leam how to use and program one of the following :
I Field Programmable Gateway Array (FPGA).
ToothPIC wireless microcontrollar.

Program PIC microcontroller.

B

8031 microcontrolier,

= How to remotely conlrol devices,

* Learn how to communicale the mobile FBLS serial.

* Leamn how 10 sccess and have specific information from the mobile by the AT
commands,

* [ eamn how to control dizitzl Air— Conditions.

* How to overcome the problem of the accumulative of ice on the outdoar unit of
the Air - Condition in winter days.

* Design the system of remotely controlling the Air — Condition.

7.3 Real Learning Outcomes
After the tmplementation of the project we have an expert in the fallowing things:
= Learn how to use and program 8051 microcontraller.

* How Lo remotaly cantrol devices.
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® Learn how Lo control traditional Afr— Condition, because the digital one is for the

universily labs.

= Learn how to access and have specific information frem the mohile by the AT
commands,

* Faces many problem with communicating with the mobile and try 1o salve.

* Design the system of remaotely controlling the Air - Condition, ws were hoping to
have this design with the microcontroller, but because of the problems that were

arisen, we do it with FC parailel port.

7.4 Future View

Afler our work on this project and after facing many problems during the

implementation, we as a project team, see that the following points may be a gond

improvement for this praject, and alsa to avoid the problems were arisan.

The Bluetooth technology is useful for develop this project, because there is
nowadays microcontrollers like the one we mention in chapter 2 (PIC Toath), which
can be programmed from any computer that has a wireless commurication easily,
also this microcontroller make the communication hetween it and the peer mobile

mare easily. And finally this microcontroller can be used for remote eontrolling

indoor the home,

In this project we were used the short messages service 1o send the user command
from the terminal mobile, but if the online calling was used, it could be an
impravement for the project, by using DTME integrated circuits connected o peer
mobile that determine the button pressed on the terminal mebile. So the user online

will contral the device and see the effect.

For the Aw — Uondivon, adding a sensor o the ouldoer unit, Lo avoid the

accumulation of ice in winter days, will be én imporlunt improvement for this projeet.
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= The humidity is one of the most important things that affect our comfortable, so

adding a sensor for the humidity atiached to the Air — Condition will be a zood idea
to develop this project.

The project can be developed and reprogrammed to present other goals. For example
it can be designed for contrelling many things in the house like switching on and off

the lights.

Finally when you send an AT command to the mobile to read the message. the
response will contain information, like the sender number. date and time of sending,
this information may be used o add sacurity for the system. Or may be the message
sent by the user terminal mabile encrypred in some way to provide security for the
system. The security for this system is very important hecause you remotely access

and contral devices,
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Appendices



Visual Basie.Net program
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End
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8051 Microcontroller program

.equ

.dh
.db
.db
.db
-db
.db
.db
.db
.db

.0rg

M
maw
[l [+ 158 4
T
Mo

Mo X

locat, Ox2000

cout, Ox3030
cin, Ox0032
pstr, Ox003R
newline, 0x0048
port_a, 0OxF800
port_b, OxrF801
port_c, bDxFE02
part_abc_pgm, 0xFBO3
part_d, OxF&0d
port.e, UxFGS01

port_f, Oxro0?
port_def_pgm, 0xF903

loeat

DxAS ,0xES,OxED, OxAS
R

0,0,0,0

0,0,0,0

0,.,0.,0

8.8,0,0

0,0;0,0

=1

255, 255,255, 255

Location for this program

isiagniture bytes
;id (35=prog)
iprompt code vactor
:raserved

ireserved

ireserved

user daftined

ilength and checksum (255=unused)

"mobile communmication”,0;max 31 charactars, plus the 7ero

Tocat+64

dptr, #port_abc_pom
a, #178

Bdptr, a

dptr, fport def pgm
a, wli&

@dptr, a

;executable code begins here




mainloap:

cif p3.a red1rect output to aux parc
mav.  dptr, #mes
leall pstr ;=end mesg2 to the aux port
g Fptc A s wait for it all to leave
inh orj,® iwait for the 8051 to set the RI flag
M a,shuf iread the character fram the serial port
mov rl,a i save the value of accumulator in the
mov  rd,a : rl,r2,r3 general purpase registers
moy rad,a
anl a1 i compare 1f response equal 1
jnz on
e b a,rl
ani a,? i compare T response egual 2
inz 5k i
(3% -
anl a,3 i compare if response egual 3
jnz  SatTemp
mov  a,r3 |
anl a,d i compare 11 response egual 4
Nz GetTemp
on:
mov  dptr, #0xFI00 ) o
Mo g, #U0000O010 sturn an the Afr - Conditiaon
movx Gdptr,a
Timp mainloop
off:
mov  dptr , #0xF900 , S
mov  a, #00000010k sturn off the Air - condition
rovx @dptr,a
1imp mainleop
SetTemp:
Timp  mainloop
GetTemnp:
Timp mainloop
ret
mesgd
(il “aT s T
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