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Abstract

The project presented here is relevant to botbtBdal Engineering and the humanitarian
effort. Performed by students Jason Hall, Garear8on, Chris Wagner, and Zhangjing Yi for
CSU ECEA401: Senior Design I, the system being dgesl serves to open a handicapped door
without any human interaction, thus eliminating m&sues which plague the current
handicapped door system. The project uses wiredessologies that already exist for the
specific application of opening doors when a whiegilcis in close proximity; but only when
opening the door is actually desired. Utilizinganbination of Electrical Engineering skills
such as designing, testing, and implementing daligircuit system, the team has created a
system to accomplish this goal.

After reading interviews from last year’s groupject we were able to diagnose exactly
what was wrong with the current system, developgsgfoa the new system, and move forward
into the re-design. As the system on ColoradceStativersity’'s campus identically matches
what is being used in public, the group’s focud Btrictly in upgrading the system on campus in
the given year, with hopes for future teams to exgato public places. In addition to prior year
conditions, the solution being developed and desigo meet the following goals/constraints
include: the system should open handicapped dooetassly with no user input, the system
should run on a battery which can be easily re@drthe system should be weatherproof, the
system should be relatively cheap (under $75)syiséem should work only within 15-20 feet of
the desired door, and the system should only omoawhen the user would want it to based
on the designed input circuit. The approach useatesign such a system was to modularize the
final design into various smaller circuits. Thecaits designed and incorporated included a
transceiver circuit, a voltage regulator circurt,@scillator circuit, a timer circuit, and an input
circuit.
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Chapter 1 - Introduction:

A significant number of people are wheelchair botordife. Some are born this way,
others have unfortunate accidents. This Wirelessr @pener project was categorized under
“Making the World a Better Place” due to the fdwitif the end goal was reached, it would have
an immediate and beneficial impact on those whaheseevice. We set out to improve the
lives of people with limited or no movement in theims and hands. We aim to help them with
a task many take for granted, opening a door. sititehes placed next to each door are a
tolerable invention but they were designed with preamise, that the user would voluntarily
push the button. We aim to eliminate that assumgitd give those who wouldn’t be able to
push the button the ability to freely enter and exvuilding without seeking assistance.

Figure 1 - Current Door System

The current door opening system at CSU, shownguargil, is beneficial to those with
arm movement but as mentioned earlier not all usave the ability to move their arms. The
current system on campus uses two types of wirédessology. The older version uses a
300MHz transmitter and receiver while the new \@rsises an increased frequency of 433MHz.
Each transmitter can control numerous receiversevdach receiver can receive signals from an
infinite number of different transmitters. Eacke®er and transmitter is equipped with a ten bit
dual-position dip switch. Only when identical camdtions are chosen on the transmitter and
receiver do the devices communicate. This is resecggiue to the huge range of the
transmitters. If a transmitter is activated, aggeiver in the range will be activated. Thus, the
receivers are set to different codes to preverdralbors from opening.

One of the major problems with the current doomapg system is that the range of the
transmitters is too large (300ft+). With the catreange, if the receivers are all configured to
the same code, any door within that transmittexrsye will open. This could pose safety and
security problems by opening unnecessary doorthelfange of the transmitters could be
decreased, there would be no need for the diffeees and therefore no need for different
transmitters. Then, in theory, you could use qust transmitter for a whole building containing
a number of different receivers. In addition, tiesver models being phased onto campus
currently do not work with the older, lower frequgrreceivers. Right now a person going into a
building would need numerous transmitters to atéivhe receivers that are set to different codes
and frequencies.

Another problem with the current CSU door opersggtem is that the push buttons
outside of doors cause users unnecessary hassigim& you see an automatic door opener,
towards the bottom there is a button associatdd itwrhich houses a transmitter inside it.



When the button is pushed, the transmitter sersilgnal to the receiver which tells the door to
open. The problem is that every transmitter insidebutton operates off of a battery. Batteries
don’t last forever and in time the battery’s powdi be exhausted. Also the batteries are
subject to the weather if the button is placedidets This can lead to premature failure of the
battery. There is no backup device to keep thebuperational when this happens. This
means the transmitter is not operational and tlee dannot be automatically opened by any
other means. This can cause a huge problem fali¢epped people needing to get through a
door. In the case of this happening, a CSU faeslimaintenance person must be contacted and a
technician will have to go out to the button anchorely replace the battery. Each building on
campus has numerous entrances, exits, and restrgbicls have these systems. Each door has
two push buttons, one on the inside and one onudlgde. This means there could potentially
be a hundred or more transmitters on the vergailafig here on campus. This is an
inconvenience and a waste of time for everyone.

The final problem with the automatic door opensygtem is timing. When the button is
pushed, the door will open and stay open basetie@ddlay set in the door opening mechanism.
The problem is that when the door opens, if thell@pped person is not through the door by
the time the delay is up, the door will close oanth If a handicapped person’s wheelchair
should get caught or if they stop for any reasahiwirange of the door’s swing, they will get
hit. This is coupled with the fact that some dcamd buttons are awkwardly placed, forcing the
handicapped people to perform advanced maneuverspaéssing the button to avoid being hit
by a door opening towards them, before trying ti&enathrough in time.

Our proposed system to fix the problems statede@bbould meet the following
requirements: the system should open handicapped darelessly with no user input, the
system should run on a battery which can be eesilyarged, the system should be
weatherproof, the system should be relatively ci{aager $75), the system should work only
within 15-20 feet of the desired door (shown inUf&2), and the system should only open a
door when the user would want it to based on tisggded input circuit. By successfully
implementing this system, we would essentially owete all problems with the current system.
As the system would be the responsibility of treallied people, they could charge the batteries
as needed and not worry about the batteries iw#hedevices. Also, as wheelchairs are mostly
inside, users would not have to worry about thenel@s wearing down the transceiver. It would
also pulse often to keep the door open long entuglass through safely. This is all on top of
the convenience provided as the device would opensdfor you when needed. This system
should be phased into CSU and then extended furtteeother public places.

Desired Range Abour 15 feet

Figure 2 - Proposed System ;



Chapter Il of this report contains a critical mwiof the previous work done on the
wireless door opener project, titled the Justindto Also included is last year’s contribution.
Chapter Il explains the donations including doolasi and transceivers. Chapter IV explains the
hardware design and is split into various categonikich pertain to the circuit systems
considered and reviewed followed by problems. @ray contains the business aspects of the
project, including marketability and integratioraps among other topics. Chapter VI consists of
the conclusions and future work proposed for nertester.

Chapter Il - Summary of Previous Work:

The Wireless Door Opener project is a continuadiod rework of a project known as the
Justin Project which was done in the fall and gpgamesters of 2005-2006 here at CSU. The
rationale for starting the project was that a memab¢he CSU alumni had a driving accident in
2005 and was instantly paralyzed, becoming quaslyipl Through the inspiration of the
alumni’s story, as well as help from family andefrds, this project was started to help people
with disabilities to overcome one of the probletmsytencounter in everyday life, opening doors.
They wanted to allow the doors to be opened witlaoytsort of interaction, using radio wave
technology. The system would pulse concentridesrof radio waves and as someone breached
the fields, the system would react accordingly apein the door.

Plenty of research was done on disabilities théraseas well as the ADA government
regulations that surround them and various hangedpaws. However, the project got hung up
in the research stages and too much time was futlectiding on the type of technology to be
used for the project. They investigated Avalanthansceivers, Radio Triangulation, Ultrasonic
and Infrared Rangefinders, Global Position Syst@a#S), and an Array of Radio Fields. They
decided in the end to use the array of radio fiblaisby the end of the second semester, no
working prototype unit was implemented. Thus,ghgect did not get as far as desired and
there was an extensive list of future work proposed

The system was also fairly specific and focus€ldey did not plan to integrate with any
current door system in use but preferred to stamfscratch and spent a lot of time investigating
different forms of integration using various deveitent kits.

The project was renewed as part of a “Make thel\@Better Place” series of projects
hosted by Olivera Notaros, head of Senior Desiddiv22008. Learning heavily from the Justin
Project, our project team made sure to follow &tspiroject development process. As we
decided not to continue where they left off, andlengery different design and implementation
plans, we started over while keeping very similat goals as the Justin Project.

During the second year of work the project gaine@ members with fresh ideas. This
team was made up of Jon Kay, Jason Hall, and Garanton. All three students were ECE
majors. Led by Jon Kay the group kept to a stigeline and numerous set goals. We started
by taking knowledge of the Justin Project, intemgeand technology to elaborate a plan to make
the most efficient system possible. It led todlesign plans for a transmitter-receiver pair. The
pair system would meet all criteria as describetieza The system took a significant focus on
range as we felt this was a considerable downfah@existing system. Early second semester a
prototype was conceived and was implemented fainges This stage led to the arrival of
problems with the system. The calamitous problest wreaked havoc was excessive power
use. Simple put the transmitter draw far more pdiven planned. However, that year led to the



foundation of a functioning yet practical systerattbould be improved and expanded to meet
original designs.

By the end of the year, the project team succdgsfakigned a prototype system which
met most of the original project goals. The solutwas well received by the primary tester and
plenty of feedback was gathered to improve upofkitture work proposed on the project
includes working out the problems with the solutasd moving from the prototype phase into
the manufacturing and marketing phase.

Chapter Il — Donations:

This year donations are more important than evee.@roject from last year was focused
on building a transmitter and receiver combo thas$ &s cheap as possible. This year however
we had another goal, we still planned on tryingeep our design as cheap as possible, but we
are implementing new technology that intend to ectine life battery life of the unit on the
wheel chair. The consequence of such a desigmwie nostly components. The transmitter and
receiver combo we had last year were focused oplisitty and robustness. This year however
with the concentration on power efficiency our rieansceiver is more complex and costly,
however the team did enough research to purchadedkt expensive chip that would provide
the most power efficiency.

The focus of the first month of this project waségk good sources of funding. Our
primary focus for a monetary donation was goingedhe Kroh Charitable Trust. A Trust
located in Loveland, Colorado they focus on assgspirojects which they think will benefit the
community. The contributions they give to the commity are anywhere from $1,000 to over
$10,000 dollars. Our team asked for $5,000 dotlarver 2 semesters of work, and hopefully
provide for the full amount of about 20 transceiurits. The letter was sent including a small
biography of each team member as well as a lettercommendation for the team from our
advisor, Olivera Notaros. This letter was serd B¢ptember, and as of the end of the fall
semester of 2008, the team had not received wordhather their request for support was
accepted.

Past monetary donations, we have also sought @msatiom individual companies
selling transceiver units. After hours of reseanehhad narrowed our choices down to three
companies, Vishay, Linear Technologies, and Panasa@l three companies offered
competitive products. The goals we had in mindofar units were we wanted them to use as
little power as possible, we wanted them to be ghaad we wanted them to be versatile to our
project. Many designs we had looked at seemedtishg only one or two of our specifications,
though these companies offered a transceiver nibdetatisfied all of them. Most of the
models came with two data rate options, typicalbuad 250 kilobytes per sec to around 500
kilobytes per second. For all our models we ebktbego with the slower transfer rate because
we won't really be transmitting data, just an oroffrsignal. After setting forth our
requirements and finally deciding on all our tragigers, we requested donations from the above
three companies. We figured to request a donafi@nound 10 total units. This would allow us
to have a few spares for each side of the cirawgeave settled on one unit, and then we would
still be able to try our units on a couple doottafly.



Chapter IV - Hardware Design:

Analysis of Wireless Technologies:
As this was researched last semester it is stgbiant to keep in mind what system is

implemented and why it needs to be adapted tofgingisystem. The current technology used
here on campus is radio. There is a combinati®00MHz units as well as 433MHz units on
the CSU campus. The 300MHz units are distributetibear while the 433MHz units are
created by BEA Inc. As both of these are beinglaeCSU, it is easiest to integrate them into
the current system. We will be working with Palhdson, the CSU facilities man in charge of
the current system. He is most familiar with tlyjge of system and can install them the easiest.
As previously stated, they communicate with eat¢teioby having a matching combination on
the dip switches. Figure 3 shows in further detdiich wires do what on the 300MHz device.
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Figure 3 - 300MHz Manual



As the devices were designed for very long rangengonication, we were not able to
easily reduce the transmission range without maulifyhe circuitry. The devices both had
patented designs and we were unable to obtairctiensatics to determine which circuit
components needed to be tampered with. Eventwedl\gbandoned the units as they were very
cumbersome and didn’t meet our design goals.

Transceivers - Comparisons

Since the transceivers are the core componentralesign, it is critical for us to find an
appropriate transceiver in order to achieve outgyda@r the reason that our last year design
could only last for two or three days with batterig is critical that we need to improve our
design with a lower power consumption componeniso Ave will need to build a prototype for
testing before we put the design into a PCB laybherefore, our ideal transceiver will be the
one that has low-power consumption, short range aanaccessible pin layout.

Panasonic (Zigbee Module PAN4555)

Firstly, we found Zigbee module transceiver fronrm&onic. It meets our expectations
on short range transmission. It has fairly low poa@nsumption, which is 120mW. However, it
uses high level communication protocols. This tebbay, which is widely used in Wireless
Personal Area Networks (WPANS), is capable of tratisg the signals that we need to use, but
it is overkill for our usages. Furthermore, thedagt disadvantage of this unit is that it has & ver
small size of 12.2mm x 16.4mm x 2.2mm with 20 li@spwhich is good for minimizing the
size of final products, but it is really difficulbr hand soldering. After analyzing the accesgiili
of Zigbee module transceiver from Panasonic, weédéedt is not the right choice for our
purpose.

Vishay (RFW3M)

Secondly, we looked at transceivers from Vishalie RFW3M was the first transceiver
that appealed to us and compared to PAN4555 tHeegiylodule from Panasonic, it has the
same power consumption and the advantage of abtepsi sizes for hand soldering. The
Vishay RFW3M has three operating channels for feegy agility, which is a great functionality
for the usage of frequency varying. Nevertheldss signal that we need to transmit between the
door end and the wheelchair end is a 100ms puksey @/seconds and for the reason the average
user’s walking speed is 4mph. Therefore, it wike@ne pulse when approaching the door from
a distance of 15-20 feet. Therefore, our purpogeaobmitting only requires one frequency.
Also, in order to select the correct frequency,pghecessor on the RFW3M has to be
programmed before usage; and each time the pradesss its power supply, the chip requires
recompilation. This would be impractical, as trensceiver would need to be reprogrammed on
a daily basis. Considering the reasons above bjezthe Vishay RFW3M as the core of our
design.

Vishay (RFW122)

Lastly, as we proceeded to investigate the Vishagyt line we encountered the
RFW122. According to the RFW122 datasheet, in trattiing mode the RFW122 consumes
typically 72.6mW (22mA x 3.3V), which is about h#te power consumption of the previous
two models. With this power consumption, it cowddtlfor up to a week with 4 AA batteries.
However, we are redesigning our transmitting cireaih a switch that controls the transceiver
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to be set to sleep-mode. Operating in this modensumes about OW of power. Whenever the
input sees a pulse, which appears 5% (100ms /28 @perating time it switches to the
transmitting mode. The RFW122 would last twicéaasg) as the previous two choices. Also it
uses a three line serial digital data I/O linerfatee. This means the duty cycle doesn’t require
an inter-chip frequency selection. It is drivendsyouter-chip clock so that it doesn't affect data
when it loses power supply. Moreover, the RFW122daize of 16.1mm x 11mm with only 12
pins, which are hand solder accessible.

Transceiver - Vishay:

Recalling last year’s transmitter and receiveiakitl the synonymous issues we decided
to implement the Vishay RFW122 transceiver whickrages at 2.4 GHz. Vishay is one of the
leading producers of discrete semiconductors asdiy@components. They incorporate a
transmitter and receiver into one device. The #§sRFW122-M RF transceiver is a short-range
wireless radio transceiver. The transceiver canl siata up to 3Mb per second which is far
more required for our project. Implementing onshéy in the door and another on the
wheelchair they would use handshake communicafidre transceiver would constantly send
out a signal and when the other transceiver catogamge it would “wake up” from a sleep
mode and send a signal back to inform the firstdcaiver. Once out of range the wheelchair
transceiver would re-enter sleep mode and the tlansceiver would close the door. Like last
years design, Vishay is small and will be easytoiporate into a small enclosure. The primary
reason for this technology choice is the fact Wiahay transceivers draw very small amounts of
current in sleep mode. In the lab, early testsvsihe transceivers communicating with a square
wave input and a pulse output as seen in the figure
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Figure 4 — Input (top) and Output (bottom)
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The following figures show a 500ns pulse on thedbthe plot while spectral density is
on the bottom. The rising edge of the square wtiates a pulse based on different
frequencies. The measured frequencies includez; X51kHz, 40 kHz, and 50 kHz. The last

figure is when
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Figure 7 — 40 kHz

Figure 8 — 50 kHz

Figure 9 — Wheelchair (trans.) Off, Door (transr) O
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Transceiver - Oscillator and Timer Circuit:

Once we knew what sort of system we were goingetmtegrating with, our next area of
focus was making the system automated as statmar iprimary goals. One of the circuits
designed to implement this function was known assaillator circuit. Using an oscillator
hooked up to a relay, we could replicate closing epening the switch on the transceiver. We
fine tuned it to allow the transceiver to pulsegmal for 100ms every 2 seconds. This gives our
transceiver a 5% duty cycle. At our goal rangé®f0 feet away from the door, this 2 second
time seemed acceptable as both individuals weddltke They traveled about 4mph on average
but then slowdown to a crawl when approaching a.ddde timing plot for the circuit is shown
in Figure 10:

Figure 10 - Oscillator Circuit Timing Plot

In this way, it would be analogous to pressinglititton outside the door once every 2
seconds. It was mentioned earlier that if thegrers not through the door by the time delay
ends that the door will shut on the individual.isTtan be a nuisance and potentially damage the
wheelchair and the door. By pulsing every 2 sesptite system would definitely prevent the
door from closing on the user while inside the aay.

This system brought up the concern about batifergs$pecially after last years design.
Pulsing too often would drain the battery quickligike not pulsing often enough would defeat
the purpose of the system. The new technologheMishay takes care of this problem. Since
it will be using the handshake communication schémavheelchair will never fully turn on
until it is in the range of the door transceivén.sleep mode it will still consume current but lwit
this feature it will conserve battery life and exddts overall operating time.

Part of our goal was to make the times very adplstespecially when in the design and
prototype phase. The main reason being, we kne& we passed off the prototype to our tester
that we would need to keep changing the timesddiking until it worked as needed. The
timings on these circuits are modified by resistpacitor combinations which are nicely placed
on the proto-board for easy access.

Power management is an important part of electrprgfects. Due to the fact that our
device is so small and we cannot incorporate bitgbas, we need an input circuit to allow the
transmitter to only be active when needed. Outesyss proposed to work with all wheelchairs,

14



and not be dependant on the wheelchairs powerele@ce to handshake communication an
extra input circuit isn’t necessary. The Vishaghteology was partly chosen because it featured
a stand-by mode which consumed very small amoumiswer which would prolong the

lifetime of the wheelchair transceiver.

Transceiver - Emergency Shut-off:

There are times were the user may want the abdighut the transmitter off for personal
or emergency reasons. Currently the oscillatingudi has an on/off switch that can be toggled
at a moment’s notice. A possible feature thatddnd added in the future is a security switch.
The transmitter could be fitted with a key-actiatarn on/off switch. This would be a single
pole, single throw device that would operate sintitea relay. When the key is switched on, the
device will “turn on” and the circuit will operates intended. Without the key, the transmitter
would be useless. This feature would be similax key used when starting a car. This
component is inexpensive and would be a simpleaaddT his feature would benefit the overall
product and make it more marketable. We also thteradd an override button to operate the
system. In case of failure, this button would Bgpthe rest of the bonus circuitry and just open
the door.

Transceiver - Directional Antenna:

For the exterior antenna we wanted to go with dyfaimple design. We decided to try
out a Dipole or Half wave antenna. This is a v@mple antenna design that is created by
placing 2 wires directly opposite of each othetrsd the ends are separated by one half the
wavelength of the transmission frequency. THowd the ends of the antenna to have the
maximum voltage difference across them which vétlgp an EM field that will radiate in all
directions around the wires. As you can see frieanfigure the field radiates in almost a
doughnut pattern around the 2 wires of the antenna.

Figure 11 — Antenna Field Radiation
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As you can see when you are looking down the wafése antenna (the Azimuth
direction) the electromagnetic field will radiatet@qually in all directions. When you look at
the antenna from the top (the Elevation directiwith the wires along the 90 and 270 degree
direction you can see that the field is stronge$tant and in back of the antenna. We predict
that this type of radiation pattern will give usoegh directional radiation so that we can prevent
from opening the door when it is not in front orbiack of the transmitter.

Figure 12 — Elevation Direction

Transceiver - Transmission Range:

The current system here on campus uses transnatidreeceivers that were originally
designed for a garage door opening system. Tihekele both the 300 MHz and 433 MHz
transmitters and receivers previously mentioned.ol&xr system is proposed to be automatic, and
in theory would constantly be pulsing the door opigmal, all doors within range would be
constantly opening. As most new buildings aregle=id with bathrooms in the same location on
multiple floors, the signal would pass through filoer and doors could be mysteriously opening
in other parts of the building with nobody beingrn Since we do not want this, our goal as
stated before was to tone the range down to appeairly 10-15 feet only. We measured a
standard ceiling is about eight or more feet téhis would make the transceiver on the floor
directly above or below out of range if you accoianta few feet between floors which are also
filled with various pipes, cables, and metals whiadkhuld reduce the signal strength too.

Problems:

The main setback this semester is deliverablexe @ decided on a new technology
we asked the appropriate companies for samplesndss$ businesses do not have a problem
with giving samples, we got numerous from a feviedént companies. The problem was that
they lack any urgency with samples. We have concated with them numerous times and
still nothing seems to get done. We got the Vidhatyare still waiting for Panasonic devices.
This has held us back from understanding how theeeits operate and in turn how they will
function with other circuits. In addition, the isceivers we received were not what was ordered
and initial calculations had to be adjusted.
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Chapter V — Business Aspects:

Integration Plans:

Once we have these features and potentially odregmeered, the system should be
compatible with any type of wheelchair. This wobklavailable to any student, faculty, or staff
member of CSU. Eventually this system is goingealeployed further on campus. Once it is
campus wide, every person who needed one wouldd&emsceiver that would control select
transceivers on campus. The push buttons wodldustction as they do now, and as law
requires. Thus, those visiting or people that hdveceived a transmitter do not suffer.

We believe that our device, once fully tested andking will have very beneficial and
widespread application. It could quickly be addgtepublic places. Even people with arm
movement who use wheelchairs would benefit frora #s they wouldn’t have to worry about
the buttons on the wall and the awkward placemelowever, it could also have widespread use
for non-handicapped people who wish to have sutévace to open doors for them when their
hands are full.

As far as the device itself, it will be enclosediiwaterproof enclosure to prevent
weather from affecting the device. This also prés@ny moisture from getting inside and
damaging components of the transceiver. Oncehargeable battery is incorporated and the
unit can be easily recharged, it would work verylwe

Marketability:

As described in the need section of the paperetisecurrently a desire from
handicapped people for a more automated and fadfmystem to allow them to open doors,
especially here on campus. As our first user wiseldColorado State University, the main
selling point would be cost saved on maintenari&ch transmitter (which is inside of the box
with the button on the wall in front of every hacapped door) is run by a 9 volt battery. These
batteries are replaced on CSU'’s time and moneydiptenance workers after being called by
an irritated handicapped person who cannot opeyoa dOther sources of door failure
mentioned before also must be fixed by a maintem@ecson. As our system’s transmitter
would be in a weatherproof box, and would be takside when the wheelchair was taken
inside, it would not be exposed to the elementsth& same time, since it would be powered by
rechargeable batteries these would be under thteot@amd care of the individual user. In
addition, with the redesign and increased efficyenicthe battery system the transceiver would
need less attention. Last year’s transmitter wabidee average 1-2 days depending on how much
our tester moved around. The re-design will fis fproblem and the longevity of the transceiver
will be increased to seven days or more. The faefiking and repairing the actual buttons on
the doors would be much less.

Another main selling point would be the appeaiandicapped people. This could be a
point stressed by the University to draw in moredieapped students and professors. This
would make our campus more diverse and more hgpakcbaccessible. As some buildings on
other universities aren’t handicapped accessibdedam’t comprise the necessary technology to
open doors automatically, this would be an inexjwenand simple upgrade.

As stated earlier, there is also going to be widesd appeal for people who are not in
wheelchairs. For starters this includes peoplé giitollers, heavy machinery like forklifts at
hardware stores, mail carriers on CSU campus, ard.mAnyone who has had their hands full
and needed to open a door at the same time knowsibeful this can be. If additional security
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features are adapted into the device as statedr ifuture plans section, the system could be
deployed and adapted for home use.

The entire system itself (transceiver and additi@omponents) costs approximately $60
as the parts are ordered separately online areeiatore and manually put together. As we shift
out of the prototype phase and into the manufaagyphase, we would fix the layout of the
circuits and get them printed on printed circuititits. Not only would this automate the
building of the circuit, but would also be fastedacheaper. Once these would be produced in
larger amounts, the cost per system would go dagmificantly to approximately $35-$40.
Another advantage of putting them on printed cirboiards would be that the circuit would then
use less power, as the components would be mudkesma

Project Management:

One thing that our team realized from analyzingihgtin Project was that the team
lacked a strong development process and was prplzadiling a project manager. This was not
an issue for last year's team. We didn’t followtlgear’s structure this first semester by
planning out the year and laying out our developrpeocess and timeline. This was the main
issue infecting our project this semester. Anydypmject is led by a great leader and early in
the semester no one took the initiative to leadtber Opener Project. Following this we never
had the common sense to vote on a director to eeproject on course. The group went astray
with little direction and started to fall behin@he group lacked vision and very little was being
accomplished. Eventually Chris took the reins stagted a timeline to help the project progress.
Chris has communicated with many relevant stakedisldf our project at this point. This
includes industry retirees, disabled students andlfy, facilities management, companies who
make the current handicapped system, Disabled St&#zvices and Occupational Therapy
departments at CSU, and entrepreneurship studeresoh campus. By Chris taking charge, we
were better able to prioritize our goals and come&vith relevant constraints based on the money
and time we would have to work on this project. fBjowing a timeline, we were able to
smoothly transition between the numerous phasesrgbroject. Without proper management,
projects do not move forward.

Chapter VI — Conclusions and Future Work:

As shown in the report, a large quantity of timenivinto donation request and research
this semester. We are currently waiting to he@saonse back from the foundations from
which we requested a donation. We just received/@hay transceivers and had them
operating in lab. Further testing will follow aachew design of last years timing circuit is in the
works. This will maximize the longevity of the baries and fine tune the timing at which the
door opens and closes. In addition, a PCB isylikelfollow once the circuit is finalized.

Furthermore, we have started to analyze the fiskioproject. We have determined
there are probably many possible pitfalls with phgject after we install it in the General
Services building. For one, if it compromised terent system it would have to be removed.
We anticipate minimal problems from the door transer end of the system as it is relatively
basic and merely needs to close a circuit. Howewethe wheelchair transceiver side, as we are
still currently in the re-design stages, we caramticipate all of the bugs we will have when all
of the circuits are put together. Our greatestiehge is handshake communication. Once the
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wheelchair transceiver receives a signal we wilhtwvato send a signal back. These transceivers
are more complicated than last years design aridaké extra time to operate as planned.

Once this new transceiver system is finishedtasted, we would change the battery out
of the enclosure for a rechargeable battery; vienjla to one in your cell phone or 4
rechargeable AAA batteries. We would then driiing hole in the side of the box and put a
recharge port right there. Then, very similarhhtaw you recharge your phone, you could
merely plug the cable in the side of the box. Wil anticipate needing to charge the device
infrequently.

Also, in regards to the longevity of the wheelchensceiver, a buck converter circuit
will be implemented. A buck converter is a steqvddC to DC converter [1]. The simplest
way to reduce a DC voltage is to use a voltagaldivcircuit. This is what was used last year to
drop the voltage supply, but voltage dividers wastergy, since they operate by bleeding off
excess voltage as heat. Also, output voltagernegiilated (varies with input voltage). A buck
converter, on the other hand, can be remarkabigierft easily reaching up to 95% for
integrated circuits [1]. They are also self-regjalgy making it useful for tasks such as
converting a large voltage down to a few volts meeldy CMOS.

Other future plans would be to make additionalsrziver units and do more testing
when doors are very close to each other to seg/ipeoblems occur. This might include doors
opening when they shouldn’t or doors not openingmtiney should. This would also include
fine tuning the transceiver which will communicat#h numerous other transceivers and
activate each respective door at an appropriatardis for the user to maintain a constant speed.

Next, more security would be added into the deséhat it could be adapted for home
use. One method of adding this security woulddzéray a digital lock which could only be
unlocked by the owner’s key. It's a simple dewdsch is inexpensive that allows only people
with the key to operate the device. In turn, thaild make the world a better, more accessible
place for those in need.

Investigation (End of Dec.’08-Mid Jan.’09)
Understand how Vishay transceiver works in différ@odes
Understand how Vishay transceiver transmits infdioma

Finalize Re-design (End of Jan.’09)
Finish circuit design of transceiver for wheelchair
Finish circuit design of transceiver for door

Development-Build-Troubleshoot (Feb.’09-Mar.’09)
Assemble all circuits
Test to ensure design meets goals

Pilot-Testing (Mar.’09-Apr.’09)

Deliver prototype and verify against initial reqernents and goals
Pilot test (gain feedback from Handicapped testers)

Set up 1-2 doors in General Services Building
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Implementation (Apr.’09-End of semester)

Fully deploy project in General Services Building
Get more feedback, update design

Expand to entire campus

References:
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Appendices:

Abbreviations:

CSU - Colorado State University

mAh - milli amp hours

MHz — Mega hertz

kHz - kilo hertz

PCB - Printed Circuit Board

VDC - Volts Direct Current

VAC - Volts Alternating Current

CMOS - Complementary Metal Oxide Semiconductor

Budget:
Spent so far: approximately $12
Semester 1:
Prototype Boards
Miscellaneous electronics

Donations:

Pat Johnson (CSU Facilities):

1 Mechanical Working Door Opener (12VDC)
1 Mechanical Working Door Opener (26VAC)
Patty Meeke of Panasonic (5 transceivers)
Leanne Berstein of Vishay (10 transceivers)
Christopher Gobak of Linear Technologies

Transceivers:

Vishay

Panasonic

Linear Technologies

More parts expected early next semester
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Olivera Notaros:
Storage Place
Misc. Parts

Approximate monetary value of all Donations: $115

Terry Schlicting and Colin Heffern — Gave us inaile insight into the direction to take our
project. Helped us understand the need for symbjact and also have both agreed to test once
prototype is working.

Guy Wagner — Has given support and encouragemeheétteam.

Pat Johnson — Has met with us again and agreedrtowith us to best integrate into CSU’s
current door system.

Ashley Waddell and Olivera Notaros — Has helpedhdiinations. This includes a list of
probable charitable foundations and editing appboa.
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21



