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Abstract— People listen to music using iTunes more than any

other media player currently available. Most mediaplayers have
visualizers that can be placed on the screen to githe music more
excitement. The problem with this is that visualize software

limits lighting effects simply to the screen and nowhere else.
Light controllers exist, but for a high price and with no easy-to-
use interface. We propose a plug-in for iTunes thagives the user
an easy-to-use interface that controls incandescenights of

various colors to bring the visualizer out of the sreen and bring

color and excitement to the user’s environment.

I. INTRODUCTION

ur design moves music visualizations constraineth&o

OiTunes window out into the room in terms of actyall

realizing an external light visualization throughet
control of incandescent lights. This solution wpllovide an
appropriate visual stimulation to complement thediau
experience of iTunes users. Users would like toabke to
bring life to their music and do away with the &idn of the
computer screen. While devices already exist to ldihts in
response to music, they do not give the user a (GlcHphical
User Interface) from which they can control whadiale
frequency ranges the lights will interact with. ghts allows
users the ability to plug-in four incandescent tigghnd have
them interact with the beat of the song playingeal time.
Users can select which range of the audible spmadtney want
each channel to react to through the iTunes plugme user
sees a display of the frequency spectrum outptiiedtong to
allow band selection to be done in a straightfodvaranner.
The user is supplied with four selectable ranges féwr
different channels of lights to react in resporséreéble, bass,
mid-range, or any other variation of the audiblectpum.
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A. Requirement Specifications

1. Deliver up to 500W X 4 output channels, 2000W max.

2. Go from off to fully illuminated and back off agaim
under 75ms (800bpm).

3. Lights to be fully illuminated within 80ms of audio
input (Human sync detection range).

4. iTunes plug-in that allows users to select freqyenc
band between 20 - 20,000Hz as trigger for each
channel.

5. USB 1.0 link to Arduino microcontroller.

6. Documented source code + user manual

Il. DESIGN

A. System Overview

Our basic system design includes a computer wighiTaines
program and our GUI along with a frequency analyZdre
software communicates with our hardware via sepalt
communication from a USB 2.0 output on the comptiea
USB 1.0 connection that will tie into the input thie iLights
Hardware Box. The hardware box contains
microcontrollers, 120VAC/5VDC power supply, and fheéac
control circuitry, all needed to use the frequemdprmation
provided by our GUI to obtain control of the founamnels
where the incandescent lights will be connected@¢hEzannel
will be capable of safely handling 500W.

two
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B. Block Diagram

a Arduino 1

iTunes  Feavensy iLights Plugin Wite o 59:3;,‘:}‘“' Checkfordaa and read deta

Arduino 2

Light Timing
Lookup.
Table

T %;/
el

Handshaking
Protocol

Fig. 1: System Block Diagram - Through the GUI theuser selects
frequency ranges which are then communicated througthe two
Arduinos leading to the controlling of the four power triacs controlling
each channel.

C. System Specification
iTunes interface

Our software is able to communicate with iTune®ider to
control lights based on the music being playede Software
also allows the user to select frequency rangdsatitiacontrol

each iLights electrical outlet. From data extrddr®m iTunes
we determine the power contained in each of foar gslected
frequency bands and use this to set the amplitidéhe
connected lights. Due to the physical propertietriats, the
fastest we can adjust the power sent to our lighf20 times
per second. This is more than adequate for repttimusic.
This data is updated, packaged and sent via USBedtstest
frame rate available. Our monitor can only update60
frames per second, but debug info tells us thatieeable to
update our lights at up to 75 frames per seconchwvthere is
little other CPU load.

To extract frequency data we use the software dpwant kit

released by apple for visualization developmenging this we
implement a Dynamic Link Library, call a *.dll file Once
iTunes is displaying the visualizer it sends messdg update
the frame at the desired frame rate. With thesssages it
passes a pointer to information about the songirgayhich

includes frequency data. iTunes does a FFT (Fastiér

Transform) of the audio being played and makeslavai the

power contained in 512 samples spaced linearly 20riiz to

20kHz. The data provided is amplitude as an 8ribéiger at
each step.

OpenGL is used to display this data graphicallyr @isplay is
built on “VizKit”, an open source framework for lding an
iTunes visualizer [9]. This code took care of @iting an
OpenGL window inside of the iTunes provided framued had
features similar to what we were interested in. vi3ualizer
displays a spectrograph in the center of the scwansome
debug info (such as frame rate) in the upper kafichcorner.

Fie B Contich Vew e Advanced e

oM

BEF

—_ s
008 456 =

Fig 2: iLights Visualizer Window

We added to this framework CSerial [10], an opeorc®
project that makes it easier to set up and trangeithe COM

port in Windows. Using this class we are able tdeao the

port in the same way as outputting to the termindle have a
method, called iLightsSerial, which is called eveiype we

receive a renderframe message from iTunes and ¢pdbse
frequency information. This function finds the pavaverage
in each of the 4 selected bands, stores them =R ANSI

string values, and transmits the values via the GQik. The
averages are scaled to be between 0 and 63 in trdiein 6

bit parallel ports used by our microcontrollers. heTfinal

transmitted data is a 9 byte char array. Eachradaeceives a
2 byte message, and there is one additional clearfoct ANSI

string termination.

The user interface is implemented inside of theualiger
options menu. When the user selects visualizeompiTunes
send our plug-in a message and we open a windosetect
using Microsoft Foundation Classes (MFC). Thesduuhe the
standard user interface libraries for Windows. Thigial
windows is an “about” tab, crediting team SoulesUshass
SDP 2009. The next tab contains the actual uséorep
Here the user is presented with 8 sliders, a lo@ high
frequency cut for each channel. The value theeslmbsition
corresponds to in Hertz is displayed next to edickers The
user interface is kept to this minimal slider sttet for
simplicity. To turn of a channel completely theeugust
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moves the high slider above the low cut slider.e Bverage
power can never be greater than 0 on this randpreTis also
a save button on this page which, when clickedkbap the
user selected values to a text file. This way thkies will

remain even after iTunes is closed.

Visualizer Options @
About | Light Contral
Light 1 Light 3
Low Frequency Cut Low Frequency Cut
0 | He ] 1521 | He
M REDCEEn High Frequency Cut
_'| oo Hz J 2652 |H.
Light 2 Light 4
Low Frequency Cut Low Frequency Cut
J 19 | Hz j ] Hz
High Frequency Cut High Frequency Cut
J 9477 | Hz _'| 7137 | Hz

Fig 3: iLights Visualizer Options GUI

Serial Port Communication Link

The link from the pc to the microcontroller thaiggers the
switching circuitry is composed of two parts: onedéino
prototyping board with an Atmegal68 that
programmed to read the serial port data and anethieh has
been programmed for triggering the triac circulise first part
consists of C++ code written with Microsoft Visu8tudio
Professional which translates and transmits theaeted
frequency data over the serial port; this coderpmtds the
frequency data so that we can send a simple dwirtige first
Arduino board which will be used as an index foloakup
table. The Serial.Read() function allows us to radujte from
the serial port for each of the four channels. We two pins
on each microcontroller to flag when we have detaly to be
sent and when we are ready to receive data. Ondagv¢hat
we have data ready we wait until we get a resptregdt is ok
to send the data before transmitting. This providesimple
handshaking protocol that ensures the data floahigys in
control.

The task of providing control signals for the haadev is
accomplished using a second Arduino. The reasorthisris

that receiving serial data hinders our ability imdtaneously
transmit control signals because there is simply touch
computation involved for the microcontrollers. THest

microcontroller receives a string, at 38400 baudjictv
contains 6 bit values for each of the four channg&lsese
values represent the average power across thecuyarti
frequency band. This data is stored until the sécrduino

requests new values. At this point the data isstratted over

Parallel data is sent extremely fast since onlwibé data is
needed, and this allows for efficient communicatmnour
signals. Using two ports allows us to send updata ¢br two
channels simultaneously, meaning it only takes two
transmissions to send all four values.

The second microcontroller receives our parallefadand
converts it into dimming delays using a lookup ¢ablThis
table is scaled in a logarithmic manner in orderntatch
human perception of brightness. The dimming is
accomplished using a critically timed loop to prdpeset the
phase delay at which to trigger each channel. Bp is run
approximately 1300 times over every full 120Hz Aignsl,
which was discovered empirically. To dim the lights the
specified level we simply run this loop a certaimber of
times, determined by the proper value from the lgokable,
before sending the signal to trigger the powertltiat channel.
This gives us a very consistent way to maintainsphzontrol.
Communicating with our pc in this way has allowesl to
continuously send updating signals to each of dlwe lights at
around 80 times a second without any visual detwéen the
music and the properly dimmed lighting.

has bednght Control Circuitry

The idea for controlling the light is to use a typkphase
control. AC mains are rated at 120VAC at 60Hz. &heount

of power provided to an incandescent light is eissin the
area under the sinusoidal wave. If we are ableupply half
the amount of power during every half-cycle then we
essentially deliver half the power to the incandescbulb
which in return creates an affect on the incandedaght bulb
being half as bright as usual. The use of a pori&e ts ideal
for this. This is demonstrated in the figure below:
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Fig. 4: Graph of AC mains (GREEN) and supply of h# of each half-
cycle to the load (RED). Graph also represents ggering the triac on to
dim the bulb at half of its full brightness (RED).

The power triac is a device of thErysistor family which
allows for switching of AC loads either resistiveinductive.
The triac of choice is the BTA20-700CWubberless triac
from ST Microelectronics. The way the device worksby
attaching the mains (120VAC) to pins Al and A2. Bins a

ports B and C of the Atmegal68 used as paralletspor
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gate triggering pin which will activate the triacch allow
current to flow through pins A2 and Al. The unigess of this
device is its capability to block the current flovhen the AC
main voltage crosses zero. In order to allow currefiow the
triac need to be triggered after every zero crgssinthe AC
mains. This property makes the device ideal forsphzontrol
of our lights. The triac is capable of withstandi#@pV at 20 A
which exceeds our design requirements of 500W. Ehahnel
contains its own power triac for individual controf each
channel.

The second device used to control the lights atedfacce with

the microcontroller is a Triac Driver IC. This de®iis needed
to isolate the sensitive microcontroller from th€ Anain lines
that the power triac will be controlling. The dewiof we chose
is the MOC3012, Opto-isolated Triac Driver. This/ide is a

random phase opto-isolated triac driver. Within thevice

there is an infrared light emitting diode whichioptly triggers

an infrared sensitive triac. When this triac iggered it will

supply an output trigger for the power triac theref safely
preventing any current from entering the microcolfer.

Microcontreller
Trigger Input

Triac Driver
Mocamaz)

| O ; Power Triac

Fig. 5: Basic structure of design for controllinga single incandescent
light bulb or channel.

The last major component of the light control citiguis a
zero cross detection circuit. This is needed in design so
that the system knows when the AC mains cross aecb
therefore calculate a delay after the zero crossirgyvitch the
power triac to its on state. This has been achieasily with
the use of an Atmegal68. Atmel released a bulltét the
Atmega can be directly connected to the AC mainth WMeg
resistors at the input pins and due to the inteotaiping
diodes it was possible to achieve a zero cros<ti@tecircuit.
The clamping diodes keep the input pins between06c5V
and Vg — 0.5V. The 1Meg resistors limit the currbatow its
1mA max up to 1000V. This allows our system to ggipe
when the AC main crosses zero in order to set-ugelay
trigger to the power triac. With this trigger tcetpower triac
we can control where within the half cycle we tegghe
power triac depending on the delay from that zeoss This,
in return, gives us the ability to control the powe the
incandescent light bulb and vary its brightnesshwihe

microcontroller.

Both triacs in our design are snubberless meamiagthere is
no need for external components such as RC or RicGits to
suppress transient spikes from the mains or tha loa

Electromagnetic Interference and Compatibility

Since our project involves switching large amouafsAC

current very quickly, electromagnetic interfereEdl) is an

issue we are going to have to address. When langeirsts of
current are switched in close proximity to othercuits, they
can induce a current in those circuits which widva a
detrimental effect on performance. For examplegun circuit
we are counting zero-crossings of the AC main dne also
triggering the triacs with digital circuitry. Thddetromagnetic
(EM) fields produced by the triac output lines abiiduce a
current in the zero-cross circuit and produce ae falkero
crossing or it could induce a current in the triteiggering
circuit and trigger the triac when it is not suppdsto be
triggered. The Federal Communications CommissioBQF
has passed many restrictions on the amount of Evsumer
electronics are allowed to produce. A product whicbduces
too much EMI will degrade the performance of other
products/appliances nearby.

To help reduce EMI in our circuit, we are goingfist use
capacitors to couple the ac lines with the groundsl This
will prevent sharp and sudden voltage spikes dugremnd
noise. Y-type capacitors are ideal for this becatlsy are
double insulated and designed for this purpose.ypé-t
capacitors can be used between ac line and neogether to
further reduce interference. We will also arrange @rcuit in

such a way that minimizes EMI. The best way tolus is to

have small loops on the PCB and to have lines iceyarge
amounts of current going in opposite directions. eéWhwo

lines with equal current go in opposite directiotiggy each
produce an EM field equal but opposite to the otfidis will

dramatically reduce our emissions. Large loops ipath

amplify the ability of that path to conduct and iedd noise.
Prevention of this type of noise will be done byepimg high-
current loops far away from low-current loops aydkbeping
loops as small as possible.

PCB Design
This PCB design posed a particular challenge becatishe

high power requirements of iLights. The average PyB
encounter everyday consists of a variety of ressto
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capacitors, and integrated circuits. Integratedudis, such as
the Atmega 168, operate at a very low pin currdrdGmA.
PCB traces of minimal thickness will suffice forrigang this
amount of current. The vast majority of PCBs alse IDC
current or small AC currents because it is safasjez to build
and more cost efficient. The iLights PCB, howeverequired
to switch up to 2kW of power at 20 amps and 120VAGe
reason this is a special case is because stan@&drBces are
1 oz/ft2 thick; nowhere near thick enough to casoymuch
current without burning up. Based on calculatiohswas
determined that the iLights PCB required a tragekttess of 4
0z/ft2. 10z/ft2 is the thickness of copper achiebgdtretching
loz of copper uniformly over an area of 1 ft2;strbughly
1.38 mils.

To calculate minimum trace width, a few paramelerd to be
taken under consideration. First,
expected in the trace must be known. For iLightspatput of
500W at 120VAC per channel results in a total &G6A (5A
used in calculations to be on the safe side) reduiper
channel. With four output channels this is a totdl
approximately 20A going into the PCB. The secondapeter
needed to calculate trace width is the maximum [ssibie
temperature rise of the trace. Since this PCB iagyto be
surrounded by four heat sinks at a temperaturel@ff (more
on this in the next section) and in an enclosureaximum
temperature rise of 70°F was selected. This valae selected

current inputs and outputs because they have hagihgs
(700V/60A) and are easy to use and service. Thayodovear
out from excessive use and they pose no risk oidaoctal

electrocution. They are also much easier to conrsext
reconnect than soldering leads directly onto trerdbo

Also, since the traces are carrying 120VAC, sharpst greater
than 45 degrees were avoided. When alternatingetisrare
redirected to quickly, they produce large amouft&MI. This

occurs because as traces bend more and moreptbpgrties
change from that of a wire to that of an antenréds is

undesirable because not only will iLights produaagé
amounts of EMI and interfere with other electronimst it will

act as a receiver for other signals and can hayves injected
into the line. This phenomenon also occurs at rictions so
they were avoided. Highly current-sensitive devicasch as
the two Atmegal68 ICs and triac opto-isolators,emglaced

the maximum airreon the opposite end of the board to minimize trek f

induced currents in the pins.
Heat Control Design

Closely related to the design of the PCB itsethis design of
the thermal management system for the PCB. An eatirtg
PCB causes two main issues: First, if the cop@aes get too
hot they will melt and not conduct anymore. Secdhd,triacs
used in iLights have a maximum operating tempeeatofr
125°C. If this is exceeded, currents can be ariflitfranduced

based on a 70°F ambient room temperature. The finalthe doped materials and the triac may triggeemwt is not

parameter needed is the thickness of the coppéneyaf 1-3
oz/ft2 were used in the calculation and trace wimithld not be
brought below 108 mils for traces in open air. B open
air are on an outer layer of the PCB and can thezedissipate
more of their heat into the air than a trace onirexer layer
would be able to. This allows them to be thinned aarry the
same amount of current without burning up. Wheropper
thickness of 4 oz/ft2 (5.5 mils) was selected, thi@imum
trace width dropped to 80 mils; a much more prattralue. A
thickness of more than 100 mils would not work hmseait
would not be able to pass under the triacs witlvomnecting
two of the triac pins. The same parameters asneatlabove
were used to calculate the minimum trace thickidéshe 5A
lines. They are 40 mils thick although a value 4friils is all
that was required. In case of an accidental powsges each
output will be able to handle 12A before being dvatd. This
is a useful protection feature in case the 5A fuseach output
does not trip fast enough to protect the PCB trioen
burning.

To connect external power to the board and digkilpower to
the output channels, arrays of plastic screw teafsinvere
selected. These are the ideal way to connect a ®dBgh-

supposed to or may not trigger when it is suppdeedt can
also melt if it gets too hot. Initial tests withsenall aluminum
heat sink showed that switching 500W of power geannel
produces a lot of heat. Within minutes of beingraped at
450W one of the triacs heated up to over 93°C. Tridas was
only operating at 90% load and was in the openaiger heat
sinks were needed to prevent overheating.

The first and easiest method employed for coolimg triacs
and PCB was to spread large sheets of copper bedop and
bottom layers of the PCB. To do this, copper regieswere
placed over the high-voltage traces on the boaltdywiag
them to act as heat sinks and dissipate small aimairheat.
This method works to prevent overheating of smaller
components quite well, but was not enough for pinggect. In
conjunction with the traces acting as heat sinlagd
aluminum heat sinks were attached to the triaagptace the
smaller ones used during testing. To calculatesthe of the
heat sinks, the thermal properties of the triac laeat sink had
to be looked at and the following equation haddgabed:
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Tj—Ty-P (Rthj,: - Rﬁhc&r]
P

Rtn,, =

Where:

Rua = thermal resistance of the heat sink

R;c = thermal resistance of triac junction to case E="€/W
(from triac datasheet)

Rch = thermal resistance of triac case to heat siik€/W
(worst-case value for thermal epoxy)

T; = maximum allowed temperature of heat sink = 149°F
60°C (low temperature of computer)

T = ambient temperature of air around heat sink %7
24°C (high room temperature)

P = heat energy dissipated by triac = 5.1W (fraactr
datasheet and explained below)

Figure 1 shows heat dissipation vs. operating otirfer the
BTA-20 triac we selected. The maximum current et
will be handling is 5A since each output will beniied by a
5A fuse. A phase angle of 180° is a full power eyaind
therefore will dissipate the most heat, so to fihdat
dissipation we look at the top plot in the figure £ 180°.
From the figure it is evident that when operate8Astthe triac
will dissipate roughly 5.1W of heat.
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Figure 1: Heat dissipation vs. operating current fo BTA-
20 triac for different duty cycles

Evaluating the above equation for the values shomeduces a

Since the triacs and heat sinks described earéemnaa sealed
enclosure, a fan was needed to circulate the dikaap the air
in the box as close to ambient as realisticallysjjs. If there
were no fan, the air in the enclosure would heatunfl it
eventually got to the same temperature as thedimdet. As the
temperature difference between the air inside tiodosure and
heat sinks got smaller, the rate of heat exchangddaslow
and the heat sinks themselves would get hotteerAdtlong
time, the air inside the enclosure would be the esam
temperature as the triacs with no heat sinks omghaver
125°C. The important parameters for a fan are ithiéoav rate,
and the noise it produces. An AC fan was selectedpposed
to a DC fan because we already have 120VAC linethén
enclosure and adding a separate 12VDC supply sfielthe
fan was not practical. To calculate the minimumfli@iv
needed, the following equation was used:

po [0
TL-T,
Where:

V = airflow rate [ni/hr]

f = altitude factor (for altitudes less than 1000m,3.5

Qv= heat radiated in enclosure = 25W (four heat satks 1W
and a little overhead)

T; = highest allowed temperature inside enclosure

T, = highest anticipated temperature outside enabosur
Ti-To =AT =2°C

A somewhat arbitrary selection &T = 2°C was made to
ensure the air in the enclosure was as close tootiside
(ambient) air as possible. Solving the equationtifier above

values gives a minimum required airflow of = 43.75
m’/hr. Converting this to the more standard unit BMC(cubic

feet per minute) gives \2 25.75 CFM. The fan selected for
this project has a flow rate of 27 CFM and a noaing of
22dB. Standard laptop fans operate at around 3@dBaee not
too loud, so a noise rating of less than 30dB Wwagbal.

As mentioned earlier, the thermal resistance oéat kink is a
function of the air flow over it. The calculatedetmal
resistance of the triac heat sinks assumes nowjrlo it is an
absolute maximum resistance. Thermal resistancesr [than

result ofohHA = 3.96 °C/W. This means the heat sinkthe calculated 3.96 °C/W would result in lower heatk

must heat up less than 3.96°C for every Watt of helaased
into it. The heat sink selected for use in iLights a thermal
resistance of 2.6°C/W. The actual thermal resistaralue of
a heat sink is a function of airflow, and that via# addressed
next.

temperatures. Now that an airflow rate has beeerdfitied, a
slightly different version of the heat sink equatiwill be used
to calculate the actual temperature of the heét sin
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Note Figure 2 shows how the thermal resistancehefheat
sink changes with airflow. Converting between @loeity and
feet per minute is a function of the radius of faa. The
selected fan has a radius of 1.3” and an airflov2 6fCFM,
which translates to a velocity of roughly 732 fiimFigure 2
shows that with this air velocity, the thermal séghce of the
heat sink will drop from 2.6°C/W to 1.2°C/W. Thisdlibe the
value used to calculate the operating temperatfitbeoheat
sinks.

Using the above numbers, the operating temperaifirthe
heat sinks can be calculated by using the heatesjoktion:

T_Ir = P{R:—h;c—FR:—th +RthA)+T"'i'
Ty=44.91°C (113°F)

The above calculation assumes an ambient temperatithe
room of 24°C (75°F). In a room at 24°C with the tr@iak and
fan selected, the maximum temperature of the hieles svill

Figure 2: Thermal resistance vs. air velocity and munting
surface temperature rise vs. heat dissipated.

be 45°C (113°F). This value is an acceptable valeeause
laptop heat sinks routinely reach temperatures36fE before
they start to malfunction, and these are consideadd for
consumers. Of course the final temperature of #w kink is
dependent upon the ambient temperature, but wétlfiekv rate
and heat sinks selected the air inside the endowilirbe 2°C
(3.6°F) warmer than room temperature ambient aedhtat
sink will be 21°C (38°F) warmer than the air insitlee

enclosure (this value of 21°C was calculated bydhaowever
Figure 2 shows it is correct because when 5.1\Wdespated
by the heat sink there is expected to be a 21°§erabove
ambient). This means that at all times the hedt wiill be

23°C (41.6°F) warmer than the air in the room. Tiatively
small temperature difference will ensure the triatay cool
and operate reliably all the time. It will also stthe plastic
enclosure from melting.

I1l.  PROJECT M ANAGEMENT

A. System Overview
Our team as split the project up into four mairaare

Chris Merola is responsible for designing the easy-to-usf

GUI along with the iTunes plug-in with iTunes SD& éxtract
frequency information and transmit via COM port. idealso
lead engineer for overall project.
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design for the project. Receiving the serial comitation
from the iTunes plug-in and implementing the phdstay
timing in software on Arduino boards. He is albe team
coordinator.

Jose D. Figueroa designed the zero crossing circuit along
with the triac circuit which handles 4 channel$580W each
for 2000W total max power, and taking all safetgqautions
when interfacing with a live AC source. He is aldwe
webmaster responsible for updating and maintaifiiegms
Soules’ website.

Matthew C. Ryder as worked on reducing EMI
(Electromagnetic Interference) so that our producictions
properly within its contained environment. He abesigned
the printed circuit board and derived solutionbeating issues
for the final enclosure.
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