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Abstract

Blinds can be found in a majority of homes across the glolieey provide functions
usefulto everyday living, butequirea physical actfor proper operation.Through the
automation otthis common home devioge will make the standard honneore energy
efficient, safef and more convenient The blinds will respond to changes in light and
temperature throughout the roonThe clanges detected e light and temperature
sensorwill trigger the blinds to open or closmrrespondingly Additional support and
equipment from Echelon will allow us toake the entire system controllable from a web
interface that willpermitthe usetto control all of the functions remotely in the case of an

emergency.
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Chapter 1. Introduction

A HappyHome is a home that creatively and efficiently utilizes new technology in
orderto create a more comfortable environmenrthe idea for HappyHome stemmed
from several goals that we hadmind before we selected this specific projedie set
outto create a product that is practical and easy to use by the average pWesafso
wanted to create something that would have a igesitnpact on its surroundings.
Finally, each one of uwanted to work on an interdisciplinary teamorder to gain a
better understanding of the dynamics involved when working with people of different
technicalbackgrounds With these goals in mindve were able to create the concept of

HappyHome.

Our Project

HappyHome consists of a system of automated blinds that open and close based
on light and temperature readings. The system includes-drieselly web interface that
allows the user to choose a desired room temperature which determines the mo¥ement o
the blinds. The web interface also provides the convenience of controlling the blinds
away from lbome. Moreover, we created a system that could be easily expanded to

include control of additional components in the home, such as heating or lights.

Backgound

Our projectmakes the standard home safenergy efficientand convenient to
operate The means by which weel we have donthis areby automatinghe control of
the blinds in a standard roomBy automating something as simple as the blinds in a
room, one can effectivelgreatea controlled atmospheravithin the home. Generally,
when a room gets too warm, a person immediately reaches for a fan or the air
conditioner. However, if the blinds in a room were automated to close whenever the
temperatee or the amount of light in a room became uncomfortable, theookng
device or systerwould be&eome unnecessarylhis could effectively lower energy usage
and costs. Furthermore, many people often leave their homes witlr thendow

coverings left ope. Sometimes, due to circumstances beyond their control, rtreey



come home extremely lateln these casest would be convenient to have blinds that
automatically close oto have the optioof controllingthe blinds away from home. This
increases safy because itreates the illusion that someone is home, which helps prevent

intruders from breaking and entering.

User Scenarios

Since our underlying theme isfety and convenience, users can take advantage
of o ur featuredineomerte make the homes more comfortable People will
have one less thing to worry about when their blinds are autortmatetjust to different
settings oftemperature or brightnessThe features are effective in increasing safety
especialy when the user is away frohome for longer periods of timeFor example, ta

night, the blinds can be programmed to close once the sun sets

Benchmark Results

We did initial research to see what technology had already been developed in the
area of blindsautomation. We quicklgliscovered that automated blinds are rather easy
to obtain. Automated blinds simply open and close at the touch of a button. Few
companies, such as Somfy and Bali, make them tfagycan be orderednline at most
hardware stores, such as Home DepotlLoo we 6 s , and at special ty
Automated blinds, however, are very expensive, asdsuchthey are currently only in
use inlarge offices. Echelon is orm@mpany responsible for these systems, but does not
have such products and services awdglgor homes. This is becausehere are many
difficulties involved with implementing the technology a home. The systems used in
large businesses are varymplex,expensive and require special installation. For such a
system to be feasible in a hophewever it has to be cheap and easy to install.

For our automation system, the blinds will move solehsed on the readings
from sensorsthat we will place around itgicinity. In order to accomplish this, we
contacted Echelon in order to get theipgart. Echelon is a leader in control networks,
which connect machines and other electronic d@msviasing power line technology.
Echelon is known worldwide for its achievements in home and business autonitgion.

technology is currently in use in comroil buildings, transportation systems, and street
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lighting systems worldwide.Echelon also recently received the Métlome award by
Homega Research for its commitment to the advancement of the home automation
industry.

Echelon had recently began cwmiesing expanding the application of their
automation systems to include the home. Luckily, we were able to make contact with a
member of the group that is doing research on home automation systems, so he was able
to share some of the information thatyhead come up with. Also, dBelon kndly
provided us with a servemini evaluationkits thatallowed our circuits to communicate
with the server and sensorsto help us get started. Echelon showed us various
demonstrations of their automation systemsictv gave us ideas about how we wanted to

implement our product.



Chapter 2. The System

The sysem consists of four main partssirst, the light and temperature sensors
collect data. The temperature sensor outputs an analdgeyso in orderd incorpoate
E ¢ h e ltexhmdlagy, we had to use an analog to digital converter (ADEXDhelon
provided us with twaof its Mini Evaluation Kits each of which is supplied with two
evaluation boards.The Mini Evaluations Kits are a creative puart of Edelon that
allow circuits to communicate with a server by sending data through the power line. This
is especially convenient in a home because it does not require any special installation.
Our sensors send their readings to the evaluation boards wigclsend thedata to the
server. Via the power line, a USB device connected to the server receives the/data.
used a softwarbased server called LaBridge. The server interprets the readings and
then commands& motor to open or close the blindéerever necessary. Figure 1

provides an overall look at the system.

Sensor

Application: Blind /Drape Automation . ’
ina standard room Light Sensor

Evaluation Board

Lon-Bridge Server
Motor

Figure 1. System flowchart



The following objectives were met throughout the duration of our project:

1. Analyze and implement sensors.
The sensors were connected to the evaluation boarthasothey could
communicate back and forth with other devices via the serial connector.

2. Program boards to send/receive signals.
The Mini Evaluation boards were programmed to receive and send data
back and forth to other deviceBased on the informatioreceived, the
devices were programmed to perform specific actions.

3. Blinds respond to changes in temperature.
A signal was sent to the motor which caused the blinds to open or close
depending on the user defined temperaseténgs

4. Setup a controlling weinterface for the devices.

5. Web Interface
A web interface was created in order to provide a convenient and user

friendly environment

1. Analyze andmplementensors

One of our first tasks was to acqutree light and temperature ssors For the
temperature sensor, we decided to use the LM62 manufactured by National
Semiconductor. We chose this sensor because of its simplicithaongtimal range of
temperature values that it can detelgtany of the temperature sensors we lablké had
temperature ranges from5°C to 125C which are extremely unrealistic values for the
temperature in a home. The other problem we encountered with such a large temperature
range was the output. We wanted a sensor that output a voltage so ttaildvaset
threshold voltages to act as triggers for movement of the blinds. Unfortunately, the
change in the output voltage was usually incredibly small and we found that such a small
change would be ineffective for our project. Factors such as noiskd veoeate

significant damage because ttiey change in output voltageould be easily affected.



The LM62 has a temperature range frot@ @ 90C, which is much more realistic for a
home. The output voltage is calculated using the equation:

V,=.0156T(°C) + 480
This voltage is linearly proportional to the temperature and is offset by a factor of 480
mV. The offset allows the sensor to read temperatures as lo%Casithout needing a
negative voltage supply.

As shown in Figure 2, the temperaturecait consists of two main components: a
voltage follower and a differential amplifier. The output voltage from the sensor, which
is calculated from the equati@tated aboves sent to the voltage follower. This acts as
a buffer in order toavoid any impedance issues, such as noise, that may occur and
ensures that ¥/is equal to Vemp Next, the voltage is input to a differential amplifier.
The second input to the diifentialamgifier, Vmin, is the voltage that corresponds to the
minimum temperaturéhat a room could ever realistically reaethich we decided is
2°C. The resulting differencé/wresh is calculated with théollowing equation:

Vinresh= (270x168/68 x1G)*(V temgV min)
andis thensentto the ADC.

LM741
Lme2 | Vo +

R1

V2=Vtemp

88K -

OPAMP R2 70K LM741

— Vthresh
R1

ADC

V1=Vmin e OPAMP
R2

270K

Figure 2. Temperaturgensorcircuit

For the ADC, we decided to use the ADC0804 by National Semiconductor, which
has 8 bits. But @ only used half of the available divisionscausetherwise the circuit

would be overly sensitive to the smallest changes in temperatgrehown in Figre 3,



the maximum voltage is 2.24 volts, which correspotoda temperature of 38 and is

themaximum temperaturihat we decided a room could be.

38°C 2.24v

2°C D1V

Figure 3. ADC voltage diagram

The maximum voltage was calculated using theakd Vresh €quations stted
above, and can be adjusted by substituting a different maximum temperature for the
room. The digital output of the ADC is sent to the evaluation boards, where it is put
through a series of reverse calculations to figure autemperature of the roo These
calculations simply figure out the value o\, in order to obtain the current temperature
of the room. The equation for the temperature voltage is:

Viemp= Vimin+ (68x10'/ 270x16)*V thresh
This voltage is then used to calculate the tempezadf the room, using the following
equation:
T(°C) = (Viemp- -480) / .0156

Once thistemperature is received by the evaluation board, it is run through a series of
programmed logical statements. These logical statements compare the temperature to a
value which is based off of the usgefined configuration located on the web interface,
discussed in later chapters. The user defined configuration indicates the temperature at
which the blinds should be raised and lowered. These controlling temperateires a
placed dynamically in the logical statements allowing for the correct action to be taken.

Once the action has been determined, the evaluation board is programmed to execute the



action. If the blinds state needs to be changed, then a signal is #emtlonds motor.
However, if no action needs to be taken, the board does nothing.

Although the temperature receivbg the evaluation boarglays a big role in
determining the actions needed to be takea,dinrent state of the blinds svalso a
major factor in the programmed logic. For example, if we received a value which
indicateda higher temperature than the usaticated but the blinds were already drawn,
then no action would be taken. Howewéthe state of the blinds waise opposite, the
a signal to the motor to lower the blinds would be requitdding this method we were
able to control the blinds based on temperature alone, but we also wanted the blinds to
move based on the ammat of light in the room

For the light sensor, we chose usethe Texas Advanced Optical Systems
(TAOS) TSL230R. Thisensor measures lighttensity using an array of photodiodes
with an output of digital square waveslhe sensor is éight-to-frequency converter
because it combines glicon photodiode ah a currento-frequency converter.The
output can be a pulse train or a square wave, wiegaencyis directly proportional to
light intensity. The sensitivity of the sensor can also be adjystduich would be ideal
for placing in different areas af room depending on the amount of light it getsr our
particular setup, we only accounted for a rangéoHz to 800 Hz. As shown in Figure

4, the output is sent to the evaloatboard

Figure 4. Light sensor circuit

The values received lifie board were then run through coded logic statements to
determine if any action was needed to be taken by the blinds. If we received a high
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