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REPORTDISCLAIMER

Full Legal Disclaimer

This report was prepared as an account of the donlefor an energy efficient home as part af
senior design project ithe American University in Dubai. The research and resources put into

this report are sponsored solely by the university. Neither the UAE government nor any
department in the university, nor any faculty member, nor any studéesraay warranty,

express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or any third party's use or the results of such use of any information in this report.
Use or reference herein to any specific commepoadiuct, process, or service tsgde name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement
or recommendation.

Regulatory Disclaimer

The USGBC standards in this report are used as a reference to measaleskawir prototype

of an energy efficient home is to the standards put forward by the council for a green home, but
not in any way used to acquire certification from U.S Green Building Coural use and

reference the standards put forward by the W& @ Building Council (USGBC) and the

directives of the LEED certification program are used solely as a basis of comparison and do not

imply endorsement or recommendation.



ABSTRACT

This document discusses the details of the design and implemenftatierpoototype of the
project’-AMMH=EmeSr gy Efficient House. 0 The desigr
integrated together to achieve the objective of energy efficiency with smart instructions. The

major systems are the photovadtéPV) system, the sensors system and the Short Messaging

Service (SMS) system.

The implementation of solar PV system involves various sub parts which are mainly the
inverter, charge controller, electronic programmable switches, and interfacing time &ygte
microcontroller for monitoring and switching applications. The inverter converts the direct
supply (DC) from batteries and solar panels to an alternating supply to feed the loads. The charge
controller ensures the correct charging/dischargingebttteries and prolongs battery life. The
house is designed to utilizelar energy as a primary power supply and the utility as a secondary
supply.

The sensor system comprises of thermistors and motion sensors. The room temperature in
the house is maiained at a desired level by regulating the fan speed and controlling the settings
manually and through SMS. The lights are controlled depending on the motion in the room and
through SMS. This remote control and switching to utility provides an energieeffgolution.

Finally, aGlobal System for Mobil¢GSM) communicationgnodem is used to control
the house commands through SMS. The GSM modem communicates to the microcontroller with
the help of RS232 and Universal Asynchronous Receiver/Transmitter (JédrVerter which

enables communication between the appliances and the GSM modem.
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1 Introduction

1.1 Problem Statement
This report describes the work done to design and implement an energy efficient house which
was proposed by the students of electrical engineering senior design class. The proposal was
accepted by the School of Engineering at the American University iaiDuald~ebruary 04,
20009.

In all countries the demand for energy increases with the progression affaetorsuch
as population growth and infrastructure developneentribute significantly to the increasing
demand. UAE is one of suelxamples of deeloping countries where the demand of energy is
increasing drastically. According to a study,
UAE among the world's major consumers of electricity with an estimated 10 per cent annual
increase four timesthe world average [as] estimated by the International Energy Agency (IEA)
in 2001, according to recent resed6{i]cThe conduct
study revealshe major problem of inefficient and increasing energy consumption in the UAE.
The percentage increase in energy consumption is further expected to increase in subsequent
years due to high industrialization and urld@welopmenfl11]. Therefore, methods of
controlling energy usage and methods of improving energy efficiency need to be studied and
introduced. Moreovergnewable energy resices shoulde usedto provide ecefriendly and

cost efficient energy systems.



1.2 Accepted Solution

The proposed solution was to meet the needs of consumers and provide an energy efficient
solution by considering renewable energy usage, energy efficiemtysar friendly interface by

using existing technology. The solution is an energy efficient house which utilizes a renewable
energy source such as solar energy as a primary source of energy. Due to the intensity of sunlight
in the Middle Eastsolar energ will decrease long term cos¥loreover, to provide users control

over their house§MS application can be used to interface with the house appliances.

2 Project Objective

2.1 Objective

The purpose of the project is to build an energy efficient housedd3ign comprises of several
systems connected together and controlled through a microcontroller. Different parts of the
system are: the PV system, the ventilation system, the lighting system, and the SMS system. The
PV system will provide the house withwer required for the loads. Additionally, it will charge

a battery to provide power during the night. As for the ventilation system, the temperature in the
room will be regulated depending on the desired temperature by the user and the current room
temperéure. In addition, the lighting will be controlled with the help of motion sensors,

depending on whether or not there are people in the area. The SMS service will provide users the

ability to control and monitor various parameters in the house.



The major lenefits of this house are the reduction in electricity consumption and the
ability to control the houseemotely. This is achieved by implementingser friendly interface

to controlsome of the applicationfighting and ventilation systenof the hous¢hrough SMS.

3 Overall System Specification

Temperature

Control
o - FanSpeed || 7 Segment
Control Display
PV System J LLd
\ A
Inverter Batteries > Microcontroller
Charge ;
3 Switches
Controller ™
Battery Sensing, Light Sensing //- UART -\ Motion Sensor
\ R$232 ) Passive Infrared
i;'_"'_"f"i'/ Sensor (PIR)
|
GSM
Modem

Figure 1: Block Diagram of Complete System

The overall systeras shown irFigurel mainly comprses of the PV system, the sensor system,
and the SMS application. These different parts are interconnected with each other where each
system has its own specifications that meet the requirements of the energy efficient house. The

PV system is mainly comped of a charge controller and an inverter. The charge controller



controls the charging of the battery and the inverter converts direct current (DC) from the PV
panel or the batteries to alternating current (AC). The sensor system is composed of teenperatur
sensor and motion sensors. The temperature sensor measures the temperature in the room in
order to control the AC system and the motion sensor controls switching of lights. Finally, the

SMS application provides a remote interface between the user amoue

3.1 PV System Design

3.1.1 |Initial Design

The initial design of the photovoltaic system is showhRigure2 .

S1
PV Panel — | CC -~ J Inverier AC Loads
S S
1 /S
Uility

Figure 2: Initial Design of PV System

The PV panel provides DC voltage which flows through the Charge Controller (CC) to control
the amount of current flowingtthe battery and the inverter. The battery is a 12 V battery and it
directly supplies the inverter. A voltage regulator is required to maintain a constant DC voltage

to the inverter, in order to ensure a constant amplitude output. The output of theriisvan AC



signal which is connected to a transformer that steps up the voltage to 220 Vrms and feeds the
loads.

The system functions in a way that in the presence of sunlight, the PV panels charge the
battery and supply power to the AC loads throdghihverter. Both switches S1 and S2 are ON
and switch S3 is OFF during this time. Once the battery is fully charged, switch S2 is OFF and
the PV panels feed the loads. In absence of sunlight, switch 2 is ON and the battery feeds the
loads. When the batteroltage reaches 12 (discharged batteryswitch S2 opens and S3
closes. During daylight, the PV system can supply the loads, therefore, switch S1 and S2 are ON
and switch S3 is OFF. The blackout situation can be avoided if the battery supplies pbeer to
loads during both switching durations and the inverter output and the utility supply are in
synchronization. Due to |l ack of time, synchro
blackout situation during the switching process. This deslgstdne output from CC and
supplies it to the inverter which causes problem, as the inverter draws significant current from
the CC. The CC is specifically designed to charge the batteries; hence, this design is

inappropriate which led to the design in s&ti3.1.2.

3.1.2 Final Design

The desigrof Figure3 utilizes more switches but is an appropriate solution as the CC is only
responsible for charging the batteries. S1, S3 and S5 are ON and S3 is OFF when the intensity of
sunlight is high enougto supply the loads and charge the battery at the same time. S2 and S4

are OFF during this time. During night/evening, S1, S4 and S5 are OFF. S2 and S3 are ON to



supply the loads through the battery. After reaching the battery voltage of 10 V, S2aned S3
OFF. S4 is ON during this time to supply loads through AC utility power. There will be a

blackout situation in the switching interval.

PV Panel Inverter AC Loads
Sl S3
cC S2
1
S5 \
| S4
Battery

Utility

Figure 3: Final Design of PV System

On detecting enough sunlight intensity, S1, S3 andr8®N and the process repeats.

3.1.3 Battery Sizing and Battery Type

Many rechargeable battery types are available in the market that can be used in the project.
However, the recommended battery type for a PV system is the lead acid battery. Lead acid
batteryis a good choice for solar PV systems, since it stores large amount of electrical energy
and is cheaper as compared to other battery types. The use of lead acid batteries is expected to
remain significant unless there is technological advancement in &¢engrgy density, cost,

and lifetime. Other battery type commonly used isOdiwhich is more expensive per joule than



lead acid batterieSimilarly, Ni metal hydride and lithium batteries are expensive. In addition,

boththe charging and discharging processes in lead acid batteries are 95% eéffgpentively,

leading to aroverallbatteryefficiencyof 90%. Battery loses due to internal resistance are

proportional to the square of the currémbugh the batterywhich implies that higher current

will lead to higlerlossed9].

To use small capacity batteries, the battery was sized to supply faguarher ofan

hour during the dafor modeling purpose®attery sizing was done in following steps:

1.

2.

7.

All loads were determined with their power ratings

The current required for each load was calculated by the relationship | = P/V

The total current required forgtsystem was calculated by summing all individual load
currents.

The totalcurrentwasmultiplied by 1.25% to consider 25% loss due to charging and
discharging (this is the standard for batteryds3[8].

Thecurrentfrom step Svasmultiplied by 1.25% to consider 2 circuit loses due to

heating of wires, ICs etc.

The purchased battery had a capacity of 1 Ah, therefore the time battery can supply loads
was calalated as Time (h) = Battery Capacity (Ah)/ Total Current (h).

As 12 Ah, 12 V batteries are uselde time was found to B&3 hours.

The results are shown irablel.



Table 1: Battery Sizing

Loads Quantity | Power Rating (W) | Voltage (V) Current (A)
Energy saving lights 3 5 220 2.500
Microcontroller 1 0.175 5 0.035
IR Tx 4 0.225 1.7 0.088
IR Rx 4 0.8 5 0.640
Thermistors 2 0.0025 5 0.001
PIR sensor 2 0.0005 5 0.000
Total 3.264
Total After Batterylosses 4.081
Total After Circuit losses 5.101
Total Time (h) 2.352

3.1.4 Solar Panel Power Rating
Solar panel power rating is selected according to the required load. In this phejgznel size
was determined by adding power of individual loads. 25% circuit loses were taken into account

as shown by the calculationsTiable?2.

Table 2: Solar PanelPower Rating

Loads Quantity | Power Rating/ Each piece (W)| Total Power (W)

Energy saving lights 4 5 20
Microcontroller 1 0.175 0.175

IR Tx 4 0.225 0.9

IR Rx 4 0.8 3.2
Thermistors 2 0.0025 0.005

PIR sensor 2 0.0005 0.001
Total 24.281
Total After Circuit losses 30.35125

The power losses in CC, inverter and battery have not been taken into account. The power rating
of the solar panel was chosen totlece the calculated value. Therefore, the pamigh nominal

ratings of 60 W and 17.5 V was purchased.



3.1.5 Inverter Design and Implementation

3.1.5.1 Inverter Definition and Operation
An inverter is an electrical device used to convert DC into AC. Thedte inverter in our
project will be used to convert DC from the solar panel and the rechargeable battery into AC to
supplytheloads The project requirea single phase invertsmce the loads are single phase
TheH-bridge is the most common inverter configuration for single phase outputs.

H-bridge is an inverter composed of four basic elemehtsh controlthe current flow
acrosshe load. Moreover, the elements used in doridlge can be BJT, MOSFETS, relays or
any transistors used as switches. The structure oftheH dge r esembl es t he
there comes its name. The circuit of afbitige is very simple where tnwseries switches are
connected in parallel with other two series switches as shofigune4. The switches are
turned ON in pairs. Either S1 and S4 or S3 and S2witehed ON at a time. When S1 is turned
on, S2 should be OFF or vice versa and the same applies with S3 and S4. Switching both S1 and
S2 or S3 and S4 ON at the same time will create a short circuit. The direction of the current

controls the voltage appd across the loajd].



Vcc

S1 S3

Vdd

Figure 4: H-Bridge Inverter Configuration

3.1.5.2 Inverter Design and Simulation
After continuous trials and experimentatitme team successfully implemented the inveitbe
results obtained were satisfactory and matthep r oj ect 6 s requi rement s.

discusses three different inverter designs and simulations witlrébpective results.

Design 1

In the first design, NPN and PNP transistors were used in addition to two operational amplifiers
(U1 and U2), inductor and resistors as showRigure6. The purpose of V1 and XFGL1 is to

produce a sinusoidal reference signal and triangular carrier signal respectively. These two signals
were used by the operational amplifiers to produBelae Width Modulated (PWM) sighas

shown inFigureb. As seen from the figure the instantaneous width of the pulse corresponds to

10



the instantaneous value of the sinusoidal sightle value ofthesinusoidal signal is high, the

pulse width of PWM is high and vice versa.

& Dscilloscope-XSC1 x|
xr
NN AR AR AR A R A N A
[ | o
Tirmne Channel_A Channel_E
E ﬂﬂ 48,805 ms 3670 Y 1,283 Y
| *|| 95,505 ms 3670 Y 1,283 Y S, T
T2-T1 50,000 ms 2,917 v -2.567 ¥ 5ave | ' i’f‘_
—Timebase ——— - Channel 8 ———— 1 Channel BE———— Trigger
Scale | 5 ms/Div Scale | 10 ¥iDiv Seale |5 Y/Div edee [F 2 |[F B |E]
| & position ID Y posikion ID Y position I-l-"r Level ||:| |'-.-'
[vm add| Bfa|aE| | ac| o foc & | aclofoc -| &) 1ype Sing. | mor. | Adto [None

Figure 5: Simulated PWM Signal

The use of the two operational amplifiers to produce a PWM was just for testing and
experimental purposean the inverter design stage. In the actual project, the PWM signal

produced by the microcontrollarhich is discussed later

11
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Figure 6: Inverter Design with pnp and npn

The operational amplifigfu1) compares the two sigrsabefore producing an output. The output
is HIGH if the noninverting input (+ terminal) is greatéhan the inverting inpytterminal),
while it is LOW if the norinverting input is lower than the inverting input. The second
operational amplifier (U2) igsed to invert the PWM signal produced by the first inverter.

The four transistors are connected as showsigare6 where the top 2 transistors (Q1
and Q3) are PNP and the bottom two (Q2 and Q4) are d¢eBus€NP transistors act as a
source (the emitter is connected tg Mcurrentflows from emitter to collector) and the NPN
transistors act as a sink (the collegtoconnected to grouridcurrent flows from collector to

emitter).

12



A low pass filter is required to atteate high frequency components. The filter is defined

by its cut off frequency above which all the frequency components are blocked. The cut off
frequency of an RL (resistance and inductor) low pass filter is defined ﬁpda%. The

required § is 50Hzas it is the frequency of the AC appliancest he r esi st or used \
the inductor was calculated to be 2 mH. The switching &equ (frequency of triangular wave)
was set to 2 kHz. A higher switching frequency, such as 2 kHz (triangular wave) provides a
smoother output.
The results obtained from the simulation are showkigare7 . However, this design is
not reasonable, as there is a large voltage drop across the transistors as transiséoaslaegg!

current to turn ONAs seen in the figure, the peak to peakage across R is approximately 4 V.

13
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Figure 7: Inverter Output Seen Across R

Design 2
In the second design the same circuit discussed above was implemented but the NPN and PNP

transistors were replaced withMIOSFET (Q2 and Q4) andMOSFET (Q1 and Q3) as shown

in Figure8.
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Figure 8: Inverter Design with N-MOSFET and P-MOSFET

The simulation results are shownRigure9. As seen in the figure, the output is a sinusoid with
frequency of 50 HzZDue to unavailability of PMOS in the lathe team decided to redesitjre

inverterwith 4 NMOS transistoras will be shown later.
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Design 3

In the third design, we implemented the same circuit discussed above but we replaced the N
MOSFET and IMMOSFET with IRFZ44N (NMOSFET) as seen iRigurel10. The results
obtained both from the simulati@md thebreadboardmplementatios weresatisfactory as seen

in Figurellto Figurel4. The availability of the IRFZ44N in our labs helped in building an

inverter that matchethe one in the simulation.
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Figure 10: Inverter IRFZ44N (N -MOSFET) Design

The results of the simulation and are showRigurel1lto Figurel3, for different values of R

whereR is the model for the load.
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As seen in the figures above, changing the values of the load did not affect the output

When the value of the resistorimée |
relatively the same for all cases Agai n,

remained the sam#n all the cases, the load was modeled as resistance for experimental

purposes.

After building the actual circuit on the breadboard the output was checked on the

oad

wa s

¢ h a n g eodtpuf voliage wds Y

when t

he

resi

stor

oscilloscope and the results matched the simulatiwputseen in the figures above. The

oscilloscope output is shown kigure14.
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Figure 14: Inverter Oscilloscope Output

As a result of the continuous trials and experimentation throughout the three different
designs and simulations discussed\ae,the teanmanaged to design and simul#teinverter
both on Multisim and practically. The results obtained were satisfactory and matched our

projectods requirements.

3.1.5.3 Inverter Implementation with the Microcontroller

As seen frontigurelO0, a triangular wave and sinusoidal wave is used to generate a PWM wave.
In order to avoid the use of circuits to produce sine and triangular wave, a microcontroller could
be progranmed to generate a PWMs discussed earliePWM is awave with changing pulse

width. Thereforein order to generate a PWMset of pulse widths required which

correspondto different values of the sinusoidal sigriethe PWMwas generated from the

microcontroller with the help of timer§he microcontroller has inbuilt timers which can work as
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counters. There are two categories of timers in the controller; timers A and tin@@nyB\

timers (TAi (i = 0 to 4)) can be set in PWM mode to allow setting outputting different high

level times and cycle times of a pulse. The timer used for setting the PWM for the inverter was
TA1 with output pin as P7_2. The following three equations are used to set the values of data

register TA1 (16 bit register) testhe duty cycle and cycle time.

HighLevelime=n(m+1)/Fj Equationd
CycleTime= (2% - )(m+1)/Fj Equatior?
DutyCycle= HighLevelime/ CycleTime= n/(28 - 1) Equatior

The variablesi andm correspond to higbrder and loworder bis of TA1 register. Fj is the clock
frequency set to the values of 284, 24/2 MHz, 24/8 MHz, or 24/32 MHAs the frequency of

the PWM required is 50 H4réquency of AC appliances), the team in its initial design decided
to generate 256 pulses widttycle time of (1/50)/256 8.000078 sBut this cycle time lead to

very high switching frequency (13 KHz) whichretMOSFETS were not able to handle. The high
frequency lead to MOSFET condition where they did not turn on and off completely. Therefore,
the later design of PWM included generating only 100 pulses with a cycle time of (1/50)/100 =
0.0002 sUsing this cyat time in equation 2 aralfrequency of 24 Mz, m is found to bd 7.8

and taken to be 18 (12 in heX)singthe value of m to be 1 equation 2thenew gscle time is
found to be 0.0002018 Hence, the new number of PWM widths is equal to (10P02D18

© 99. The following Matlab code was used to genemaget 0f99 pulses ThePWM_value is

found by takinghe sine of the corresponding point. Thiag duty cycle is found by the
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relationship whiclgives aduty cycleof 95% wherthevalueof sine wave is highest and 0 % for

the least value.

%%Generation of PWM duty cycles:

%% Generation of 270 equally spaced points from range of 0 to 2*pi

%% (one period of a sine wave)

a = linspace(0,2*pi, 99);

%% PWM values generation

PWM_value = sin(a);

%% Generation of pulse widths and duty cycles

duty cycle = (0.495*(PWM_value+1));

%%Plots

plot(a, duty_cycle), xlabel( 'Phase of Sinusoid' ), ( 'Duty Cycle' );

The plot of the duty cycle against the phase of the sine wave, as shbigaril5, is sinusoidal

which demonstrates that the value of the duty cycle varies in a sinusoidal manner.

Duty Cycle

Phase of Sinusoid

Figure 15: Relationship between Duty Cycle and Phase of Sinusoid
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Appendix A shows the values pigenerated using equation/s seen irthe appendixthe
valuescan be divided into fousections shown by different colors. Each section represents one
guarter ofacyde of a sine wave. Alsot is noticed irthe table that the values for first two
guarterq25 values eachgre just in reverse order of each other. Similarly, the valuéeetiird
andthefourth quarte 24 values eachgre also in reverse order of bamther. Therefore, only
thefirst quarter andhethird quarter values can be used to reproduce valubg sécond and
the fourthquarter A single value is used at the end to generate total of 99 values.

As seen irFigurel6, the timer is set up and then the program enters the timem e
ISR, switch cases are used to generate first quarter, second quarter, third quarter and fourth
guarter of the sine wavegentially. An extra value is generated to mtdepulse number
equal to 99. The variable count is incremented in each stage and initialized to O at Tieeend.

values of pulse widths are saved in the progaarglobal variables shown below

int valuel[] ={126, 134, 142, 150, 158, 166, /I first and second
174, 181, 188, 195, 202, 208, /I quarter of the sine
214, 220, 225, 230, 234, 238, /I wave
242, 245, 247, 249, 251, 252,
252},

int value2[] = {118, 110, 102, 94, 86, 79, 71, /[ third and fourth
64, 57, 51, 44, 38, 33, 28, 23 , I I quarter of the sine
18, 14,11, 8,5, 3, 2, 1, 1}; /lwave

23



START .
Generate first

> quarter of
sinusoidal PWM

4

Set up and start ¢
PWM timer

Generate second
quarter of
sinusoidal PWM

Execute timer ISR
(Interrupt service h 4
routine)

Generate third
quarter of
sinusoidal PWM

Initialize count to O A 4

Generate fourth
Y quarter of
sinusoidal PWM

Generate an Extra
Value

Figure 16: Flow Chart for PWM Generation

Figurel7 show the oscilloscope captuwethe PWM generated from the microcontrollEne

frequency is 4.88 KHz which &cycle time of 0.0002049 s (similar as the calculations).
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The circuit shown ifFigure18 was implemented and tested. The filter values for L and C were
chosen tde 1 mH and 69 uH respectively to obtaisine wave which doasot depend on the

load (resistance) value.
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Figure 18: Inverter Circuit

3.1.6 Charge Controller Design and Implementation

A charge controller is required to control #mount of current flowing into the rechargeable
battery. To protect the battery in terms of its efficiency and life, overcharging and over
discharging should be avoided. Thus, a CC circuit should be designed to avoid this situation in
accordance with thedlttery specifications. A lead acid battery is used in accordance with the

battery specification discussed eatrli@lead acid battery consists of a lead cathode and lead
oxide (PbQ, ) anodd9]. The electrolyte is sulfuric acid solution which produces sulfate, {0

and hydroxide (OH) ions. The following equations represent the discharging process at the

anode and cathode respectively.

26



PbQ, +4H" +SQ* +2e - PbSQ+2H,0
Pb+SQ * - PbSQ+2e

As seen in the discharging proceBgSQaccumulates on both the cathode and anode. The

excessive discharging will lead to reduction of effective area of electrodes which affects the
battery performance.
During charging, the process is reversed at the anode and cathode respectively, to the

following;

PbSQ+H,0- PbQ +4H" +SQ” +2¢
PbSQ +2e - Pb+SQ

As seen in the charging process, the cathode converts to Pb. When there are no more sulfate ions
to maintain the continuity of reaction at the cathode, continuous charging can lead to the
production of hydrogen gas. This preses hazardous; therefore excessive charging of the

battery is not recommend¢sl.

3.1.6.1 Initial Design

The idea of the CC circuit shown kigure19 was takerfrom [9]. The circuitwas designed to

control the amount of cuent flowing through battery. For simulation on Multisim, the PV

module was treated as a variable current source (a ramp source) and the rechargeable battery was

modeled as a battery with an internal resistance.
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Figure 19: Charge Controller Circuit

The operational amplifier in the CC circuit works as a comparator. If the voltage at the positive
terminal of the operational amplifier is higher than 6 V, the output of the opwbéimplifier

will be a high voltage (logic 1wherea the output is a low voltagegic 0)if 6 V is greater

than the voltage at the positive terminal of the operational amplifier. Depending on the output
voltage of the operational amplifighetransistorQ1 will turn ON or OFF. The base current will

flow through the transistor if the output voltage of the operational amplifier is high otherwise the
transistor will act as an open circuit. The voltage value at the positive terminal of the operational
amplifier is the voltage division between the two ressR3 and R4. As seen in the circuit, the
total voltage across R4 and R3 is equal to voltage of the battery and the diode. Therefore, once

the battery is fully charged, the transistor turns ON and the current I1 flows through collector
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instead of going ttough the battery. The current through four main points was observed on the

oscilloscope as shown Kigure20.
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Figure 20: CC with Analyzing Current P oints

The currentvaveformsobtained using Multisiid escilloscope are shown Figure21.
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Figure 21: Current Waveforms
As seen irFigure21, the summation of current through the battery, collector and resistor R3 is
equal to the current from thganel (1+ Id = Ibat + 19. When the battery is fully charged, the
collector current is following the source current but when the battery is in the process of
charging, the collector current (Ic) is zero. The circuit was checked for higher valuescef sour
current up to 4 A and was found to function correctly in Multisim. As the specific batieres
notreceived yet, the circuwastested on the breadboard without the use of actual batteries and

PV sourceUpon receiving the lead acid batteries, thisuit design was found tee

inappropriate which leathe team to design a new CC circuit which is discussed in the following

section.
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3.1.6.2 Modified Design of CC

The charge controller built earlier was found to be a generic charging devitkifimn-ion

bateries. Consequently, the team decided to change the charge controller design to fit the lead
acid battery. Due to different chemical composition of a-&@d battery, a different charging
technique is required. This section of the report will disdussharging method of the leadid
battery and the new implementation of the charge controller.

Charging Method

The charging technique for a leadid battery is different from other battery charging methods,
because the current through the battery aithge supplied are monitored and regulated during
the charging process. The time required to charge ad@ddattery is 126 hours which is
considerably high compared to other batteries. The charge and discharge ratio -afcadlead
battery is 5:1; tis means it takes 5 times more time to charge than it takes to discharge at
constant us@4].

A multi-stage charger is required to charge the-laad battery. Th first stage lasts for
5 hours and during this stage a constant current is supplied through the battery. This raises the
voltage level to a set constant level (See Stagd-igure22), which corresponds to the battery

being charged to about 70%4.

31



Current (/)

20

150

12

03

n4

Voltage [ Cell

— — — — Charge Curment
Stage 1 ! Stage 2 I Stage 3
Conztant current : Conztant voltage. : Float
. Congant 2.4 W charge , Charge
" (225
T T 25
| 1
__.--"""" ! R
1 1
: : 20
| 1
1 1
1 1
: — s £
I | g
_____ ™ 1 =
1Yy 1 o
| b 1
1 LS 1
™
: < : 05
1 L 1
1 ) 1
1 - !
1 ===
3 G 4 12
Time (hrs)

The next stage is referred to as the topping chagehis stagethe current slowlyeduces and

thecell saturate

the battery. If omitted, the battery would eventually loseathibity to accept a full chargd4].

Figure 22: Charge Stages of a Leatcid battery [4]

hé tbpping charge takes another 5 hours and is essential for the well being of

When the voltage across the battery has crossed the threshold value and the current through it has

dropped 3% of the initial charging current or has reached therdattery becomes fully

charged. The third and final stage is known as the float charge stage which, compacts the

batteryods
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di scharge

a4j.d

hel
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t
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The voltage across the battery during the charging process is critical and rangom 2.30V to 2.45V per cell. The voltage

2.30V to 2.45V per cell. The voltage across the battery cannot exceed the maximum ob¥/4ell because a continuous

32

bat



2.45V/cell because a continuousupply above the naximum voltage will lead to theloss of electrolyte. In addition, the
electrolyte. In addition, the voltage limit is affected by temperatureAt higher temperatures, the battery has a lower
battery has a lower voltage limit and vice versar his is illustrated in

for a small leaehcid battery4].

Table 3: Effects of charge voltage on small leadcid battery [1]

Voltage/ Cell 23V-235V 24V-245V
Advantage Maximum life, Battery Faster charge time, capaci
remains cool during chargg readings consistent, less
chances of sulfation
Disadvantage | Slow charge time, capacity Not suitable for charging a
readings may be high room temperature
inconsistent, sulfation can
occur

When charging the battery with a power supply, a voltage regulator circuit has to be used to
monitor the voltage across the battery. The maximum voltage limit for a sma#dehtattery

is 2.40V/cell, which is approximately 14.40V for a 12V batterythats 6 cel | s .
charge current for small leaxtid batteries should be set between 10% and 30% of the rated
c a p a §]. Chgnging the value of ¢hpotentiometer allows adjusting the flow of required
current through the battery

Circuit Design

Figure23 shows the new charge controller circuit.
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Figure 23: New CC Circuit [7]

The basiccomponat in the circuit is LM117. LM17 is a voltage regulator that can provide an

output voltge of 1.2V to 37V and an output current of 1.5M117HVH which is a voltage

regulatorwasused instead of LM317 since 347 was not availble in Multisim. However, both

have the samiinction Pin 3 is the input of the LM317, pin 2 is the output and pmthe

adjustable node where the current is adjusted and the voltage is controlled. C1, C2 and C3 are for

smoot hi

ng

purpose

S .

Q1l,

R4,

R5

and

t

he

potent

voltage and current. The potentiometer can be variedtéonoiine required charging current and

voltage. During the charging process, the current through R1 increases. This connects R5 to Q1;

hence, the conduction of Q1 increases. Pin 1 is controlled by Q1, tieeitefcoutput voltage of

the LM117 increases due the increase of the collector current of Q1. As theebatets fully
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charged, the LNI17 decreases its output currént From the datasheet of LM317, R1 dR#

are used to provide an internal voltage of 1.25V between the output and the adjustable pins.
The design of the charge controller circuit is used for a 12 V lead acid battery. However,

the input voltage should be greater than the output by 2 to 3V.foheri the output is 12V the

input should be 15Y7]. The potentiometer controls the current and the voltage across the

battery; hence, the potientometer wasegito obtain the required maximum limit charge

voltage of 14.4 V across the resisémd a charge current of 1200 mA.

3.1.7 Switches

As en inFigure3, we require fiveswitches in the PV systeto switch from supplying power
from the PV panel, batteries and the utilifyhe idea of switches is implemented usialgys

As explained in section 3.1.Battey voltage and light intensity need to be sensed to switch
betweenhe power sources. The following circuits were used to monitor the battery vaittdge

light intensity.

5V vee
VCC R1
ADC Pin
1.1k |
LDR
B0,
0

Figure 24: Circuit for Sensing Light Intensity
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Figure 25: Circuit for Sensing Battery Voltage

The relationship between the LDROsS resistance
that the LDROs resistance decreases with the
As seen irFigure24, changes in light intensity change the resistance of light dependent resistor
(LDRY); therefore, changes the voltage at ADC pin. The voltage at the ADC pin will decrease as
the intensity of sunlight increasesdavice versa.

As for the battery sensing circuit shownRigure25, the resistances are set up in way
that maximum value at the ADC pin is 5 V when the batteryagelis 14.4 V (fully charged
battery voltage)This circuit was designed because the maximum value the microcontroller can
read at the ADC pin is 5 \In order to restore the true value of the battery voltage, ADC value
has to be multiplied by a constanhieh is theoretically (14.4/5 = 2.88). In the program, the
ADC value is multiplied by 2.76 which was obtained with trial and error to read the correct
battery voltageThe following Ccode is written to sense the battery voltage and the light

intensity.
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LDR_V = (ad4 * 5) / 255.0f;

LDR_R = 1100 * LDR_V / (5.0f -

Vb = (ad5 * 5) / 255.0f;
Vbat = 2.76 * Vb;

LDR_\);

The C code to switch between

the power sources is shown below.

/I PV System OR UTIL
if(LDR_R < 50)

}
else if(LDR_R > 80)

/I high light intensity
/I open util
/I bat on CC
/I close PV panel

/' low light intensity

if(Vbat > 10) /l bat voltage high
pl 1=1; // bat on inverter
else
{
pl_1=0; /[ bat on CC
pl 0=1; /I close util
}
pl2=1 /I open PV panel
}
Portpl Oisused to control the battery connection w
pl O connects the battery to the inverter and
isused to control the | oad connections with t h;
connects the | oad to the inverter and value 0
to control the PV panel connection with the inverter. Theevalub 0 6 on pl _ 2 connecH
to the inverter and the value 616 on pl

panel
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The system also provides the user with the ease of switchingdigthtars manually.
The light switching circuit is shown iRigure26. As seen from the figure, the controller signal is
AND(ed) with the manual switch. On detecting motion or if a SMS command is sent to turn ON
the lights, theanicrocontroller generates a logic high signal (5 V). If the manual switch is ON, the
result of AND gate gives a logic high and the lights are ON. If the mamutgh is OFF, the
lights do not turn ON even if the microcontroller sends a logic high signal.

5V

Light 220V

NO Input 70.\/
Relay —
NC Control

uController
Signal

Figure 26: Light Switch Circuits

There are three push buttons for the fan control. The first controls switching (ON/OFF) of the
fan, second increments the current temperature, and third decrements the current temperature
value.These push buttons combined with seven segment display allow the user to be able to
observe changes in temperature settiiige. push buttons are connected byAAD gatewhich
allows microcontroller to generate an external interrupt once a bufoesed as shown in
Figure27. The microcontroller program detects the push button pressedch push button is

connected to an I/O poand performs the task corresponding to each push button.
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Figure 27: Configuration for Fan Push Buttons

3.2 Motion Sensor

The Passive Infrared (PIR) motion senisaused in the project to sense the motion in the room
and control the switching of the lights. The sensor generates a 5 V signal on detecting motion.
This output from the sensor triggers an external interrupt on the microcontroller. The
microcontroller inturn switches ON the lights for a defined period of time set by the user
through SMSThe ights are switched OFF automatically upon the end of the defined period of

time. The C code writteto turn ON the lights is shown below

#pragma INTERRUPT PIR1

void PIR1(void)

{
ENABLE_IRQ;
time_RA =0; /I reset room A light timer
LIGHT_RA =1;

}

#pragma INTERRUPT PIR2
void PIR2(void)
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ENABLE_IRQ;
time_RB = 0; /Il reset Room B light timer
LIGHT_RB = 1;

}

The interrupt triggers which resets the timer amds ON the light. On resetting the timer,

program starts incrementing the timer and turns OFF the light on expiring as shown below.

if(LIGHT_RA ==1 && end_time_RA > 0) /I if room A detection flag is true
and timer value is valid
{
time_RA++; /Il increment room A timer
if(time_RA == end_time_RA)
{
time_RA =0;
LIGHT_RA = 0;

}

if(LIGHT_RB == 1 && end_time_RB > 0) /I if room B detection flag
is true and timer value is valid
{
time_RB++; /I increment room B timer
if(time_RB ==en d_time_RB)
{
time_RB = 0;
LIGHT_RB = 0;

}

3.3 Temperature Sensor

To be able to control the ventilation system of the profeetcurrent room temperatueeto be

monitored In order to measure the temperature in the room, a thernsistsed. A thermistor is

a resistor which has a resistance that varies depending on its temperature. There are two types of

thermistors, Negative Temperat@eefficient(NTC) and Positive Temperature Coefficient
(PTC). The way they differ is as followtst an NTC thermistorthe increase itemperature

decreasethe resistanceAs for PTC thermistothe increase in temperature decreases the
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resistancefFor this project, an NTC thermistor (2322 633 81203) was used. To use the

thermistor, the circuit iffrigure28 was used10].

_vee
5V
R1 Vout
ANN—2 >
10kq

o .
é\ w Thermistor
L

Figure 28: Thermistor Circuit

As seen from the figure, the voltage of the thermistor is being measured. Therefore, any change
in temperature will lead to a change in the voltage of the thermistor. From the voltage, we can

find the resistance of the thermistor. This is donegitie voltage divider rule as following:
Vout=VccE (RThermisto/ RThemistof RL)

Solving for RThermistor, we obtain the following:

Vout

RTh istor = Rl X ——7—
ermistor X VCC —Vout

After finding the resistance, the temperature lsafound. This is done witthe useof Table4

which relates the resistance of the thermistor with its temperature. However, in the table, not all
temperatures are shown; they are shown in steps of 5° Celsius. Todfitmmperatures in

between, linear interpolation between two successive points shownTialile. In the

thermistor datasheet, the temperature range was-#0rmo 200 °C. However, the team used the
range of 845 °C forpractical purposed he values are stored as globalafles in te C code

shown in Appendix B.
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Table 4: Part Used of Thermistor Temperature Resistance Table

Resistance
Temperature(°C) ( Kq)
0 32.55
5 25.34
10 19.87
15 15.70
20 12.49
25 10.00
30 8.059
35 6.534
40 5.329
45 4.371

Figure29 shows the flow chart for the microcontroller program.
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Figure 29: Thermistor Flow Chart
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To implementhe logic inFigure29 on the microcontroller, two features of the microcontrollers
were used: Analog to Digital Converters (ADC(s)) and Timers. For this part, one timer and 2

ADC ports (1 for each thermistor) were used. Moreover, the following set up code was used:

tbOmr = 0x80; /I Timer mode, f32 divider

th0 = 37499; /1 0.05 seconds

tbOic = 0x04; /I Interrupt Priority level 4

tb0s =1, /I Start timer for periodic ADC conversion
adcon0 = 0x10; Il Single sweep mode, software trigger

adconl =0x23 ; // 8 pinsweep (ANO -AN7), 8 - bit mode
adcon2 = 0x01; /l Sample and hold active

adic =0x0 4; [l Interrupt Priority level 4

(Note: 8 pin sweep mode is used because pins ANO and AN1 are used in the board for other purposes)

The purpose of the timer is to periodically start the ADC every 0.05 seconds. To do so, an

interrupt is called every 0.05 seconds and the following line of codedsitd:

adst = 1; /| Start ADC conversion

As for the ADC, its purpose is to measure the voltage of the therragstbat the steps
explained previously can be done to get the temperature. After the ADC gets the digital value of
its input pins, an interrupt is generated to calculate the floating point representation of the voltage

at the thermistor and the procesglained previously is performed.

3.4 Fan Speed Control
The fanspeed reflects the regulation of the room temperature. This is done by considering the

current room temperature and the desired temperature. This system uses the concept of closed
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loop control systemszigure30 shows the control diagram that illustrates the basic principle of

regulating the room temperature.

Error

Desired Output

Temperature

v

System

~ Room
Temperature

Figure 30: Control Diagram for Fan Speed

The error signal is given by

Error = DesiredTemperature — RoomTemperature
Due topractical reasonst is assumed that the user can only desire a temperature ranging from
15eC to 30eC. As seen from the thermistor mea
temperatt e can be sensed ranging from 0OeC to 45eC
could be 30 and the minimum error obtained couleBBe The fan used in the project is a DC
fan which works only within theperating voltage®alues rangingrom 4 V to 12 V.Therefore,

the error is related to the fan voltage within this range. The fan speed is set to vary such that if

the room temperature is warm (for example 35e¢
example 15eC); t he f anthecpobng of anvair dohditiagner)cr ease (r
Similarly, if the room temperature is cool (f
high (for example 30eC); the fan speed wil/ d

conditioner). In order to achieve thequired functioning of the fan, a simple program was

written to obtain a varying PWM from the microcontroller which provides a varying DC value to
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the fan.Table5 shows the calculated values of error and the corresponding DC vahees.

parameteo n 6 i s the value of high order bits of ti

7z

changing values of 0O0nd6 provide a changing PWM

Table 5: Relationship of Error and Fan Voltage

DC value
Error V) n

-30 12.0 244.8
-25 11.3 230.52
-20 10.7 218.28
-15 10.0 204
-10 9.3 189.72
-5 8.7 177.48

0 8.0 163.2

5 7.3 148.92
10 6.7 136.68
15 6.0 122.4
20 5.3 108.12
25 4.7 95.88
30 4.0 81.6
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The flow chart inFigure31 represents the concept of the fan regulation code:

Set up and start
PWM timer

'

Sense room
temperature and
—» calculate eror,
compare with ET
lable

Compare error
with ET table and
find equation of
line between 2 ET
points

\ 4

| Get corresponding
voltage/PWM

Figure 31: Fan Speed Regulation Flow Chart

The timer TA3 is used to outbpRWM and is set as shown below. Therage of PWM

corresponds to a DC voltage value which provides varying DC voltage to the fan depending on

the difference between the current and user defined temperature.

ta3mr = 0x27; [/PWM mode, f24M, 8 bit mode
ta3 = 0x5506; /Im set to 6
ta3s =1, /Istart timer for changing pulse width
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3.4.1 7-Segment Display

In order to displayhe current room temperature and the desired temperature, seven segment
displays were used in both the roosiring normal operation, the current room temperature is
displayed. However, when a user changes the temperature (either manually or by SMS), the
desired temperature is displayed for a duration of 5 seconds. Two seven segment displays were
used for each mm representing a two digit temperature. The concept of time multiplexing was
used in order to display the temperatures on all four seven segment displays using 7 input/output
(I/O) ports.The seven segment display pins for each room were connected asisltagure

32. Each pin of the seven segment is connected to a resistor and then connected to a
microcontroller pin. The microcontroller is programmed to displayeqeired temperature

value.
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Figure 32 Seven Segment Display Connectiorfer Each Room

3.5 SMS Application

3.5.1 Communication between GSM Modem and Microcontroller

The GSM modem communicates with the microcontroller using R82BART serial

communication as the GSM modem has a RS232 interface and the microcontroller has a UART
interfacee.The RS232 takes the voltage values from 3
values from3Vto-25 V as |l ogic 06106 v aektheevsltagewalueaf®\as, t h

as |l ogic 616 and 0 V as |l ogic 606. As RS232 a
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communication between an RS232 port and a UART port has to be done by converting the
voltage levels and logic levels. This is done with the bégmn electronic circuit shown fhigure
33 which converts RS232 logic values to UART logic valaed vice versa tallow

communication between the microcontroller and the GSM modem.

Ve
. it vee
T T = Ul =, 32
R A = o | vee
_ A = g U o | GND
J3 J4 <24 mour  Tun B o | UART TX
A clo BlRIN  RIOUTZ o | UART RX
:@ |—;— T20UT  T2N |- |
— B D| o RN R2OUT]
\L—i— V- GND VCC L
2|MAX232E | 270U =
T e
j + _‘
I
Ry
*X LED1

Figure 33: RS232 and UART Converter Circuit [5]

For two devices to communicate serially, their baud rate setting should be similar. The

baud rate refers to the transmission of number of bits per second. The GSM modem has a baud

rate of 9600 bauds; hence, the microcontroller baud rate is set to tlesyadetting the values

of Ui BRG ( 06i 6 is the num@eeGSMniodem transnitsABRITs

with no parity ata specified baud rate which should beghme for the controller. The
microcontroller has three UART ports of which UARIE used by flash over USB device which
connectghe controller to the computer through a USB cable. UARTZ2 is an open drain output

therefore;anexternal pull up resistor needs to be connected on using this port. UARTO is the
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port used in this project f@implicity reasons. Each UART port receivesiserial to parallel
manner and transmits aparallel to serial manner as there are two registers called buffer and
shift registers. The data is transmitted from transmit shift register to transmit lmdfezceived
from receive buffer to the shift register. The microcontroller program contains basic serial
communication structure which includes transmit and receive code using the concept of
interrupts. The interrupts allow the processor to handle muttiples simultaneously depending
on a tasko6s priority level. Each end (microco
and receiver. The data to be transmitiekiept in the transmit buffer, loaded to transmit register,
and sent sequentially. Ate receiver end, the received data is kept at the receiver shift register
before being sent to the receive buffer. The data is enqueued first at the receiver and then
dequeued when read. The dixtan the receiveis dequeued first and then enqueued at the

transmit endas shown irFigure34.
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Figure 34: Serial Communication with Interrupts

A queue is a structure defined in C with a tail, head, and size parameter. The head points
to the start of the queue data andttileo the end of the queue data. Tiee of the queue is the
difference between head and tail indices. The neadasess the data is dequeued and the size
of the queue decreases. The queue structures decouple the main program from serial

communicatiori5].
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typedef  struct
{
unsigned char Data[Q_SIZE]; Il specifies the size of the queue
unsigned int Head; // points to oldest data element
unsigned int Tail; I/ points to next free space
unsigned int Size; /I quantity of elements in queue
1Q_T;
Q Ttx q,rx_q ; Il create transmit, recieve queues

tx_g and rx_q are the transmit and receive queues. The queuing is dequeuing is done as shown

below.

i{nt Q_Empty(Q_T * q)

returng - >Size ==0; Il check if queue is empty

}
intQ_Full(Q_T*q)
{

returng - >Size == Q_SIZE; Il check if queue is full
}

int Q_Enqueue(Q_T * g, unsigned char d)
{
/I if queue is full, abort rather than overwrite and return
/[ an error code
if (1Q_Full(q)) Il if queue is not full, enqueue
{

g- >Datajq - >Tail++] =d;
g- >Tail %= Q_SIZE;

g- >Size++;

return 1; /I success
}
else

return O; /I failure

}
unsigned char Q_Dequeue(Q_T * q)

/l Must check to see if queue is empty before dequeueing
unsigned char t=0;
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if 1Q_Empty(q)) /Il if queue is not empty, dequeue
{

t=q ->Data]q - >Head];

g- >Data]g - >Head++] =0; /I empty unused entries for debugging
g- >Head %= Q_SIZE;
g- >Size -- ;

}

return t;

/1 Q_Init()

1l

/I This function initializes the queues by setting the values
// in the queues to zero

I

void Q_Init(Q_T * q)
{

unsigned int i;
for (i=0; i<Q_SIZE; i++)
g- >Datali] = 0; //to simplify our lives when debugging
g- >Head = 0;
g- >Tail = 0;
g- >Size = 0;

The UART setting of the microcontroller are shown below:

/* UART Communication Setup */
uObrg = 0x95; /I ~9600 baud
uOmr = 0x05; /' UART mode 8 bits, 1 sto p bit, no parity
uOcO = 0x10; /Il CTS/RTS disabled, send LSB first
uOcl = 0x05; /I transmission enabled, reception enabled
ucon = 0x00; [/l interruput when recieve, transmit buffer empty

The transmit and receive interrupt service routines (EBRshown below. An ISR &
subroutine for an interrupt. The transmit ISR (tx_isr) dequeues the transmit buffer if transmit

buffer is not empty. Whereas, the receive ISR (rx_isr) enqueues the received data in receive
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buffer and then checks for the careag r e trr ® n (1 @

flag is set and r_count is incremented.

a

c ar r thesgtechaclke t ur n

#pragma INTERRUPT tx_isr
void tx_isr(void)

{
ENABLE_IRQ;
if('Q_Empty(&tx_q))
uOtbl = Q_Dequeue(&tx_q);
}

#pragma INTERRUPT rx_isr
void rx_isr (void)

{
ENABLE_IRQ;
Q_Enqueue(&rx_q, uOrbl);
if(uOrbl ==" \ n' && rx_g.Data[rx_g.Tall - 2]
{
r_count++;
stat_check = 1;
}
}

Once the SMS is received by GSM modem, it is sent to the microcontroller with the tredp of

above serial commueation code. The flowchart &igure35 shows the logic behind reading of

SMS by the microcontroller.
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Figure 35: SMS Receiving Flow Chart
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As seen fronfigure35, the receive@MSgoes through various stages before execution of the

instruction. The later sections Wilescribe each stage Biigure 35.

3.5.2 AT Commands
AT commands also called as attention commands are a part of Hayes commands which were
developed by ampany called Hayes in 1980s when it begin manufacturing Hayes Smartmodem
1200. Later the company developed Smartmodem 2400. Apart from many functionalities, these
modems were unique at the timethey were smart to dial the numbers on their own. Another
unique point at the time was that two different speed modems from a same vendor supported
same programming commands. Seeing the advantage of having newer models which support the
old command set, many companies started developing Hayes compatible modeompary
sued them for using their name and since that day, other companies started calling their modems
AAT Command Se[tf] Compati bl e. o

Thesemdems automatically adjust the baud rat.
zeros that could be consistently stretched or compressed into representing the ASCII code for the
letter "A", followed by the letterT". The sequence oRR" followed by 'T" is sometimes called
"ATt ent i2pbn" . 0

After receiving AA0O and ATO at a correct b
stored in the modem until an ASCII carriage return character is received. The carriage return
allows the execution of commands to the modé&fost of thecommands to thenodem start

wi t h ThaAwgual size of the modem buffer is 40 characters but varies depending on the
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modem type. On receiving carriage return, all the commarexecuted in the order they were

received (left to right) until a syntax error is idemtdfioracommand fails due to maximum

|l ength reached. On correct execution of comma
depending otheselection othe format (numericortext)y The modem returns an
A40 for invalid c¢ ommandsestrtwitiMoleter, samke use theeampeisand o m
(&), the hash (#) and other punctuation as prefix. Commands prefixed @jlsign are used

for operations related to transmission and recepjiin.

3.5.3 AT Commands in our Code

The AT commands used in our code are the folloy&g

ATEO1T thisdisables echoing of the characters

ATQL17 this disables the reply from the modem

ATVOi 600 generated on correct command (numeric
AT+ CMGRT this reads the SM8om the modem

AT + CMGD1 this deletes the SMffom the modem

3.5.4 CMTI Check
On receiving SMS, the modem sends a message with the following format.
+ C MT IMemafiy[Type dMerhory Locatioh
For example, on receiving SMS, the modem sends the following te¢b&rer(microcontroller

in this case):
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Figure 36: Hyperterminal Capture for CMTI

Therefore, the code checks whether the first message received from the modem contains +CMTI.
If CMTI is correctly received, the code extracts the memory location in which the SMS is

locatedin the modemThe algorithm fothis function is described in flowchart Bigure37.
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Figure 37: CMTI Check Flowchart
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3.5.5 Password Check Command
The password is required for security reasons such that nmergndisturbthe house
controls.This code checks if the password sent by the user is valid. This is achieved by simple

logic shown in flowchart oFigure38.

START

Discard Header

Get password and
check

'

“Is password NO» Discard SMS from
correct? queue

YES i

Set password flag
correct

STOP e

Figure 38 Password Check Flowchart
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3.5.6 Execute Command
This is the last function executed after receiving a correctly authenticated SMS. In the function,
each received instruction is extracted from the SMS and is compared to a defined set of
instructions On finding an instruction, the program extracts the zone (Room A or Room B) and
the parameters of the instruction if they exist. If the correct zone and correct parameters are
found, the corresponding instruction is executed.

The following set of validnstructions could be sent by the user. The zone could either be

Room A (RA) and Room B (RB).

Table 6: SMS Instructions

Instruction Description Parameters

LON Lights ON Zone

LOF Lights OFF Zone

ACON Fan ON Zone or Zone and@emperature
ACOF Fan OFF Zone Only

LTMR Light Timer Zone and Time in Minutes
PWCH Change Password | New Password

Thedefined syntax for each SMS instruction is following:

Table 7: Commands' Syntax

Instruction Syntax
Lights ON LON<space><Zone 1>, <Zone?2>,
Lights OFF LOF<space><Zone 1>, <Zonez2>,
Fan ON ACON<space><Zone 1><Desired Temperature (optional)>,
Fan OFF ACOF<space><Zone 1>, <Zone 2>,
Light Timer Setting | ACON<space><Zone 1><Desired Time (minsg>,
Change Password | PWCH<space><newpassword>

Note that the Zones have toibecapital letters (RA or RB).
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The flowchart describing the function is showrFigure39.
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Figure 39: Execute Command Flowchart
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An example of SMS command is shown below:

1234 Default password

PWCH ABCD password changed to ABCD instead of 1234

LON RA, RB Turn ON lights for rooms A and B

ACON RA23, RB Turn ON fan for RA and set desired temperature f€23
and Turn ON fan for RB with last selected temperature

3.5.7 Send Command
In order forthemicrocontroller to send commandstihe GSM modem, seriabmmunication is
usedas discussed in the earlier sectiofhe following flowchart explains the transmitter code of

the microcontroller.

Figure 40: Send Command Flowchart
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