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ABSTRACT

Building on the previous work and an earlier design by Dr. Joe Paradiso and Ka-Yuh Hsao, an
improved swept frequency tag reader has been developed and built. The tag reader uses an AC
magnetic fidd to detect the presence and coupling strength of magneticaly-coupled resonators, in
this case, passve resonant LC circuits and magnetostrictors.  The previoudy designed svept RF tag
reader is capable of smultaneoudy detecting the continuous motion of up to 20 didinct tags in
real-time within roughly 12" distance from a 12"’ diameter search coil. The new reader is capable
of matching that performance, but aso features increased sendtivity, vastly improved tolerance to
frequency drift and support for up to 3 coils to be run asynchronoudy, a useful feature for multi-
coil geometries that enable multi-axis tracking and response

Usng a sngle cail, a new musicd gpplication, Musica-Navigatrics has been developed for the tag
reader. This gpplication works to provide an expressve and complex free space musicd interaction
for compogtion and performance specificdly suited to the tagged object interface.  Moving tags
above the search cail, the user is able to play and record up to 4 pitched voices and a percussive
line. These voices can then be digtorted and explored through the use of a variety of effect
inducing tags. Through this gpplication, the capabilities and the usdbility of the tag interface haes
been explored for usage as a pitched muscd ingrument, effects controller, and basic sequencer,
features that can creste an entirdy new and revolutionary performance controller for computer
music.

Thes's Supervisor: Joseph A. Paradiso

Title: Principa Research Scientist, Media Arts and Sciences
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Chapter 1

| ntr oduction

Recent hisory has seen tremendous expansons in the capability and power of
computationd machines in a short amount of time. In merdy 50 years, we have seen the
introduction of computers and their evolution from being giant, expensve, and excdusve universty
research platforms to becoming one of the most ubiquitous tools today. Computers are now widdy
available everywhere that technology reaches and are used for a vast array of activities. However,
despite this growth in both computationa power and computers popularity, the computer interface
has remained largely stagnant. The present day graphical user interface is tied to 2D tracking and
display technology, with the keyboard and mouse as the primary mode of interaction. New
investigations into computer human interfaces to provide more naturd and sensible interactions are
looking to move beyond these redtrictive boundaries.

Not unlike computers, in the past 20 years, the popularity of entirdy eectronic mudc has
skyrocketed. As dectronic music tekes advantage of the new ubiquity of processng power, the
wide capabilities for sound manipulation have made it an aitractive cregtive plaiform while the
drop in processor cost fas made it possible to purchase powerful music computation engines for an
accessble pricee The number of people usng dectronic synthesizers and production tools has
dramaticdly risen, and adong with that, dectronic musc performances have become common wel-
atended events. Yet despite this outburst in the creativity of new sounds, styles, and tools,
electronic music interfaces have remained largey the same buttons, knobs keyboards and the

gandard computer GUI. What these dl lack is an expressive interface capable of manipulating the



full scope of what processors have made musicdly avaldble Mogt dectronic musicians, unlike
acoudic mugcians, reman lagedy unable to interact with the rich sonic soundscgpe of this new
musc a an expressve and gedurd leve that is reciprocd to the expressvity, complexity, and
form of the mudc itsdf. In creation and peformance they reman tied to smdl interfaces that
dlow for only minima phydsca interaction. Although an expressve physcd interface is not a
requirement for interesting mudgc, the physicad interactions between an ingrument and a performer
are key to arich rewarding experience, as any acoudtic player has experienced.

Worse is live peformance. While such performances are increasngly popular, mugcians
continue to have difficulty finding means to trandate ther musc from the dry interaction of the
production gtudio to an interesting, entertaining, and rousing live show. Some musicians resort to
transcribing the music for live indruments, putting dancers on the stage, or usng graphicd imagery
to digract from the lack of on-stage activity. A wordt-case peformance, which is not by any
means uncommon, consds of the peformers sanding in front of computers and interacting
through the stlandard GUI. Not surprisingly, this does not generate much viewer engagement.

Recognizing the need for new interactive interfaces, the Responsve Environments Group,
directed by Dr. Joe Paradiso a the MIT Media Lab, has designed and built a swept-frequency
passve tag reader[1l]. This device is cgpable of continuoudy sensng and identifying a least 20
diginct smdl passve tags within a limited range in red-time. The basc operation is achieved by
driving a search coil a various frequencies to create an AC magnetic fidd in the active region and
then introducing smdl megneticaly-coupled resonators (e.g. LC circuit tags or magnetostrictiors)
into this fidd. If the fidd is driven & a tag's resonant frequency, the tag will drawv energy from the
megnetic fied, dtering the current through the search coil. This change in coil inductance can be

detected and mached with frequency, dlowing identification of the resonant tag. The magnitude



of change corresponds to the amount of coupling, which is determined by the tag's distance and
orientation to the fidd. As only one tag will couple with the coil & a specific frequency, sweeping
through a range of frequencies dlows smultaneous detection of tags these sweeps can be
performed fast enough to provide red-time interaction. Due to their smal Sze, these resonant tags
can be embedded into a wide range of objects, cresting new tangible interfaceq2] and,

consequently, new musica contrallers.

1.1 Introduction to Magnetic Tags as Sensors

Magnetic tagging sysems are dready a wel-established technology. A wide variety and
range of gpplications dready exis in which tags are commonly used. Tagging sysem ae avalable
to peform complex tasks, as in the case of active tagging systems that have been developed for
accurate motion capture, to smple ones, such as the “Electronic Artice Surveillance’ (EAS)
tagging systems often used to detect shoplifting.

Passve tags, as opposed to battery powered or wired active tags that often require
potentiadly complicated hardware, are tags that draw power transmitted by an antenna to trigger
some kind of detectable response.  They generdly fdl into two categories, chip-based radio
frequency identification, RFID[3] tags or chip-less resonant tags. RFID tags work by powering a
CMOS state-mechine chip, which then transmits some sort of unique identifying response
Removing the micro-controller essentidly results in a magneticaly-coupled resonance tag, a tag
whose identification is made only by the resonant frequency at which it draws power.

In order to work as a tangible or musicd interface, the tagging system must be able to detect
a variety of tags in red-time over a reasonable distance. RFID tags, due to the time required for
them to draw the power necessary for the chip and provide an anti-collison response when more

than one tag is present, generdly respond too dowly to work in a red-time system; the remaining



option is magneticaly-coupled resonant tags. The primary drawback of magneticaly-coupled
resonant tags is the limited number of identities available, as the tag's response is not precise. The
relation of a tag's coupling strength to the width of the response in a frequency sweep is described
asthetag’'s Q. Usng higher Q tags dlows for more tags to fit within the same frequency sweep.

Although resonant tags have been limited to predominantly EAS systems, other devices
have explored usng passve, magneticdly-resonant tags for detection and tracking purposes. The
classc Wacom Tablet[4] uses resonant tags to track and identify coded whiteboard pens, while one
of its descendants in the musica controller world, Don Buchlas Marimba Lumina[5], embeds tags
into the marimba malets enabling them to act as MIDI controllers.  Both these interactions

however, are very close-range, acting within only an inch or so above the interactive surface.
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Chapter 2

Passive Tag Readers

Development of passve resonant tags to explore new possbilities for computer-humen
interfaces was begun by Dr. Joseph Paradiso and Ka-Yuh Hsao within the Responsve
Environments research group a the MIT Media Lab. In order to serve as a tangible interface, the
primary two requirements for a successful tag reader are that it has to be able to detect and track a
subgtantid number of tags, and that it has to do it in red-time. Along with that, the reader should
be able to detect a continuous range of coupling amplitudes and needs to be relatively stable. There
have been two approaches to passive tag reading explored throughout the course of their research:

pulsed ringdown devices and continuous swept-frequency architectures.

2.1 Implementation of a Ringdown Tag Reader

A firg atempt[l] a implementing a passve tag inteface was done by exploiting
"ringdown” to identifying multiple tags. The operationd bags for a ringdown reader derives from
trangmitting a magnetic pulse a the resonant frequency of a tag. The tag is effectively energized
by the pulse and releases this energy as an eectronic ringdown response when the driving magnetic
pulse sops. This resonant response is smdl, but can be clearly detected by a sendtive listening
reader.

Usng this principle, a ringdown tag reader was built that would "ping" or transmit a a
specific discrete known frequency and then switch off, alowing read circuitry to ligen for and
detect the ringdown that would occur if a tag was present a that transmit frequency. In order to

detect multiple tags, the reader cyced through, "pinging” a the resonant frequencies of multiple
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tags. To better match the read coil to the desired driving resonance, a ladder of capacitors and
triacs was added to enable dynamic retuning.

With this srategy, the ringdown tag reader was able to successfully detect multiple tags
continuoudy and could complete a full ping-lisgen cycle 30 times a second. The system suffered,
however, as the detection process for one tag took roughly 12 millissconds. Thus, to reman
operating in red-time, the number of tags is very Imited. Assuming a minimum 10 Hz update rate,
only 8 tags could be used. Also, the sysem was paticularly sendgtive to the frequency drift
inherent in the drive sygsem and high-Q tags, as transmisson needed to occur a specific, discrete,
wdl-tuned spots. Although the ringdown reader worked well, these drawbacks prevented it from

fully meeting the needs of the desired tangible interface.

2.2 Swept Frequency Tagging

Recognizing the restrictions placed on the ringdown system, it was decided to move from
discrete frequency steps to a continuous sweep. As there is now continuous "pinging,” a swept-
frequency reader required a change in its detection mechaniam, usng a continuoudy operaiond
inductive bridge ingtead of the discretdly switched ligening circuitry used with the ringdown
gpproach. The swept frequency tag reader that was built[1] sweeps from roughly 400kHz down to
around 50 kHz. The sweep frequency curve is shaped exponentidly, as this helps baance the tag
coupling between the high and low frequencies. This problem semmed from the fact that a linear
sweep will drive far more wave cycles of a high frequency than a low frequency given the same
amount of time. Usng a linear sweep resulted in the higher frequencies being driven more
strongly, an effect countered by reshaping the sweep to spend more time a lower frequencies 0

that the time spent at a frequency is indirectly related to the frequency itsef. The god is to baance
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the received sgnd from the tags a dl frequencies so they are dl optimized for maximum response
in minimum time. Ladly, while the ringdown reader prefered magnetodrictors (a common
materids-based EAS tag) due to ther high Q and strong ringdown response, the swept-frequency
reader was better suited for LC (coupled inductor-capacitor) tags. Although the signa produced by
most LC tags is usudly not as srong as for magnetodrictors, the ringdown, which can interfere
with subsequent tags encountered later in the sweep, is reduced, and the tuning of LC tagsis farly
easy, clean, stable, and reliable.

As indicated, tag detection is achieved usng an inductive bridge (see Figure 2-1). Asthe
tag perturbs the magnetic fidd, it dters the current running through the search coil. Four inductors,
one d which is the sense, or search, cail, form the inductive bridge. The nonsearch-cail leg of the
bridge serves as a tunable reference that does not interact with the resonant tags. This enables the
comparison of the current through the two legs, leading to the determination of the differentia
voltage and thus signd presence and drength. This Sgnd is further processed to transform it into a

well-sized clean DC sgnd as shown in Figure 2-1. The origina tag reader usesa PIC16C73 and

Search Coil

Drive

Detection

Figure 2-1: Bridge Circuit
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Figure 2-2 Analog Output for Swept Frequency Tagging (with multiple tags present)

presence and drength.  This dgnd is further processed usng andog gan and filter stages that
trandform it into a wel-szed clean DC sgnd as shown in Figure 22 The origind tag reader uses a
PIC16C73 and later a PIC16C83 micro-controller to interpret this sgnd drength and send
information on tag frequency and strength to a host PC through a sexid link.

This swept frequency tag reader achieved the primary tangible interface gods farly well.
The reader completes a full sweep of the spectrum 30 times a second, correctly sensng and
identifying tags in red-time. The number of tags that can be sensed is now, unlike the ringdown
reeder, limited primarily by frequency overlap between tag responses. Due to parastic
capacitances, the frequency a which the tag will respond is not entirdy specific, and the tag's Q,

determines the tightness of the response. Depending on their components, LC tags have varying Q
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thus the resonant frequencies need to be appropriatey spread out to minimize interaction between
tags. Despite this problem, the swept-tag reader, sweeping across roughly a decade in frequency, is
dill able to essly detect as many as 20 tags a a time. This number could be expanded
consderably by increasng the range of the frequency sweep, and by more careful sdection and
cregtion of tags. Without dowing the red-time refresh rate, increasing the sweep range will reduce
the time spent a any given tag resonance, weskening the response but dlowing for more tags.
Detection is dso continuous, and a present has a reasonable range of roughly 12" from the search

coil, depending on the build and frequency of the tag.
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Chapter 3

| mprovementsto the Swept RF Tag Reader

While the firs implementation of the tag reader by Dr. Paradiso and HSao was certanly
successful, there remained a number of improvements that could be made to its find desgn[l]. As
part of this thess, a new tag reader, based on the previous verson, has been built in order to rectify
some of the identified problems, as well as enable new means for improved tag reading capability.
These improvements are amed a increedng the tag reade’'s sengdtivity and dynamic range,
dability, and expandability. The circuit can be broken down into three functiona aress. frequency
sweep generation, inductive sensng, and sysem control.  All three of these areas have been
modified in the course of this thess. The resulting circuit board is shown in Figure 31 and a block

diagram of the circuit as shown in Figure 3-2.

Figure 3-1: Most Recent Tag Reader
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Figure 3-2: Block Diagram for Improved Swept Frequency Tag Reader
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3.1 Processor Upgrade

The first modification was to the control section. The PIC 16C83/16C73 has been replaced
with a Cygnad C8051F0005. The Cygnad processor offers more resolution in an improved 12-bit
andog-to-digital converson and much more capecity with 32k of code memory, 2.4k of data
memory, and 24 assgnable pins. It is dso able to operate a up to 25Mhz, with fast code execution
dlowing a throughput of up to 25MIPS. These features dlow for a number of upgrades to the
board. The fird improvement enabled entirdy by the Cygnd, is an improvement, in sampling.
Using the Cygnd, the tag reader is able b sample a up to 40kHz dthough it generdly samples a
20kHz due to limited memory for basdine sampling (as described later).  This sampling is dso
more sendtive and accurate, as the Cygnd provides 12-bit A/D converson over the earlier 8-hit

conversion of the PIC 16C73.

3.2 Dynamic Baseline Sampling

The next improvement, aso enabled entirdy by the Cygnd, is addition of a multi-point
dynamicdly sampled basdine. The andog output dgnd provided by the inductive sensng is
unfortunately nonlinear as a function of sweep frequency due to imbadances in the inductive bridge
and noise susceptibility a different frequencies. Previoudy this had resulted in the suppresson of
much of the basdine, as a congtant threshold for detecting a tag had to be based on the highest
point anywhere in the basdine. The result was a loss in sengtivity as many tags had to move far
above the basdine in order to pass that threshold.

With 2304 bytes of memory, the Cygnd is able to take 900 samples of the basdine. The

threshold for determining whether a tag is present is based on the difference in the output sgnd
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and the stored basdline at the tag's resonant frequency. This enables detection of a tag as soon as it
brings noticesble digtortion of the fiedd beyond wha might be expected by noise. The dight
drawback of dynamic sampling is that since the Cygnd is only adle to store roughly 900 samples, it
places a limit on the number of samples that can be taken per sweep, which is far less than the
limits determined by timing. This can be offsst in three ways the firg is by smply sampling & a
higher rate when checking for tags that are above the dtored threshold while remembering the
dower sampling rate of the basdine. A second would be by soring only 8-bits of basdine
resolution. A third would be upgrading to a Cygna chip with more writable memory, an option
that has become avalable snce the initid sdection of the chip. The firg technique of under-
sampling the basdine is actudly used right now. Checking for tags is done & a sample rate of
20kHz, while the basdine is sampled a hdf that speed. This actudly does not impact the
performance ggnificantly, snce in order to inteligently predict noise, the basdine threshold a a

given point is st based not only on the given sample point but dso on the neighboring samples.

A0kMz Frequency Sweep S0kHz

32 -1 Q1 o2 5 OF 02 11 1.3 1.5 1.7 18 =21 I3 5 Z2F E28 3 23 38

Time (msec)

Figure 3-3: Swept Frequency Output Basdline
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3.3 Frequency Drift

The next problem encountered with the origind swept tag reeder was frequency drift due to
temperature.  As discussed by Hsao[1], it was found that the tag reader remains relaively stable
over time, but can be sgnificantly detuned by changes in temperature.  Primarily due to the power
transstors driving the search coll, the tag reader generates a fair amount of heat. It is dso often
run in an enclosed area, which resulted in the tag reader having to stay postioned for a number of
hours before it was considered stable and final calibration could be done.

Frequency drift causes two problems in the sysem. The fird is that the computer can lose
track of which tag is which. The control processor does not relay the actud frequency a which a
tag is detected, but rather the time reative to the beginning of the sweep. Thus, if the sweep shifts
so that it is driving a resonant frequency & an earlier point in the sweep sSgnificantly enough, the
host computer may misteke that tag for the adjacent tag with a higher resonant frequency.
Although it might be possble to compensate for this by tracking the apparent movement of tags,
there is an even worse second problem. If the drift is particularly severe, a tag may drift
completedly out of the sweep. As the magnetic senang fidd is no longer driven a that tag's
resonant frequency, that tag will no longer be at al detectable.

The solution implemented to fix frequency drift is twofold. In order to ensure that the
second problem, the loss of a tag due to frequency drift, does not occur, the processor uses its
crystal-driven programmable counter array, PCA, to keep track of the total number of wave cycles
in a sweep and through this provide dynamic compensation to maintain the origind frequency
swveep a which cdibration was performed.  Although minor drift will occur throughout the circuit,
the prime drift derives from temperature ingability in the oscillator and its control circuitry.  This is

problematic, as they are responsble for the generation of the curved exponentia ramp that shapes
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the sweep (see Figure 3-2) and the frequency-to-voltage characteritic. The exponentid curve is
generated using a 555 oscillator and buffer circuit, a mgor offender in producing drift, to charge a
cgpacitor while high and then letting it decay naturdly through a ressive load. The reaulting
curve is then buffered and amplified, providing control over the bias and gan. The find
exponentid curve is then used as the voltage control for an XR2206 monalithic function generator
that produces the actud dnusoida drive. This XR2206 is another magor temperature sendtive

component.

Gain
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Figure 3-4: Exponentia Curve for Sweep Generation
As the frequencies shift, so do the number of wave cycles. The Cygnd PCA counts the
wave cycles in each sweep,and as the time interva of the sweep is fixed, this provides a metric for

the span of the frequency sweep. In order to counter the drift, an AD5220 128-postion
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Figure 3-5: Comparison of Frequency Drift With and Without Compensation
Tesdts were peformed used cdibration tags A-D The temerature darted at
around 75 degress F, dowly risng 30 degrees to around 105F. Heat was
removed a 300 seconds. Tags are switched so that loss of data from a tag is
generdly due to it being switched into the ciruit after the tag's resonant
frequency has been driven.
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incrementd/decrementa  digitd  potentiometer has been placed in the drcuit to dynamicdly
manage the bias on the exponentiad curve driving the frequency generator. If the number of cycles
differs more than 35 from the average number of cydes during initid cdibration (there are
typicdly 4000-5000 cycles per sweep), the Cygnd will trigger the digitd potentiometer to
compensate by raisng or lowering the exponentid bias voltage as appropriate.  One step on the
vaiable resgor will cause a jump of roughly 50 cycles ether way. Figure 3-5 shows the
frequency drift without compensation compared to the experienced frequency drift when using the
vaiable resgor to provide dynamic dabilizetion. As the figure shows, dthough the number of
wave cycles for a tag nay vary, it remains within roughly + 50 cycles throughout the compensated
sweep. This is a much as /10" the variation as occurs without compensation. The higher Q tags
have awidth of roughly 40 cycles.

It may be noted that the Cygna processor offers two 12-bit DACs that would be capable of
controlling bias and gan directly indead of using additiond hardware in the form of the digitad
potentiometer. As the DAC's are 12-hit, they offer the benefit of finer tuning over the 128-postion
AD5220. However, the DAC's suffer from two drawbacks. The firg is that as they are on the
Cygna processor, the DAC's are only able to provide between 33 volts. This could be overcome
by sepping up the voltage or adding a bias to gain the full 5 volt range, but this obvioudy adds
additiona complication. More importantly, usng the DAC requires more program overhead and
thus more processing time. As the frequency drift is continuous, the incrementd step response
provided by the AD5220 is exactly what is needed, and controlling it only requires seiting one pin,
The DAC however would require reading, writing, and modification of two locations in memory.
Sampling of the sweep can only begin after the Cygna has completed sweep processing, regardless

of whether the sweep has actudly begun. Presently, this is a serious time congraint and there is
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little to no processing time to spare. In future, if there are spare clock cycles or the need to jump
across larger intervas, the DAC may prove a better choice.

While dynamic compensation for drift works quite wel on its own, a second method for
drift measurement is included. This is done using four on-board reference tags spread throughout
the range of swept frequencies that can be coupled into the circuit near te inductive bridge. This
dlows any movement in the sweep location of these known tags to be used to by software to
predict drift in other tags. The location of these tags is determined during initid cdibration, and
then during normd operation they are periodicdly switched into the circuit for cross-checks.
Although largdy redundant, the reference tags provide an independent monitor of the reader’'s
performance. It should be noted that in Figure 3-5, reference tags are lost a several points, as
indicated by the gaps in the data curves. This occurs for two reasons. The firdt is that only one
reference tag is coupled into the inductive bridge a any one time. As such, if a tag drifts
ggnificantly, it may be coupled into the bridge after its resonent frequency has been passed. This
is the likdy cause for the temporary disgppearance of the fourth reference tag in the
uncompensated haf of Figure 35. This difficulty can be corrected by dtering the control to switch
a reference tag in for an entire sweep rather having al four tags share only one. The second reason
a tag may fal is due to the discrepancies between coupling strength.  As these resonance tags
connect directly into the inductive bridge, they can couple extremely srongly.  Consequently,
finding tags that do not couple overwhemingly can be difficult. As a result, as shown in Fgure3-
6, the outsde two tags couple far less than the indde tags and actudly have a smdl enough
magnitude that they could be lost due to noise combined wth the high software threshold atached
to cdibration tags. This imbdance could be addressed by coupling the cdibration tags via an

gopropriate attenuation network. The double-pesked tag sSgnatures of Fig. 3-6 dso indicate that

24



these tags are coupling in an inverted fashion as they are coupled into the opposte leg of the

bridge.
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Figure 3-6: Sweep Output with Cdibration Tags
One last note about frequency drift compensation methods and the sampling of the basdine
is that in order to get initial vaues, the tag reader must dart out in a cdibration sate.  Upon
initidizing the board, the user can set the board in a hated mode, where the drivers will run, but the
board will not be processng the data. This is to dlow the user to manudly tune the board without
having the board try to automaticaly counteract any changes in the sweep. Once the board has
been tuned, the user flips a switch and the board will perform initid calibrations. In order to get a

good basdine and wave cycle count, te board will sample and average across 300 sweeps. After
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these have occurred, the board must dso place the cdibraion tags. The find result is that the
board now takes roughly a minute after being lifted from the hat date before it is ready to dart

processing tag interactions.

3.4 Alterationsto Inductive Sensing Circuitry

The third functiond area of the board, the inductive sendng, has dso been modified in
order to teke full advantage of the sendtivity and basdining now provided. Without a fixed
basdine and with a less sendtive A/D, the earlier board required more andog gain. This is no
longer necessary. As such, rather than using 6 amplifiers, the new board needs only 4 to achieve
improved sengtivity and much wider dynamic range.

There is one other addition to the board, namdy the addition of multi-axis capability to
reolve larger areas and spatid coordinates. One of the truly interesting regions for exploration
with the tag reader is developing multi-coil geometries. Depending on the geometry, this often
involves cyding through multiple drives A sx-coill cube geometry was built previoudy[l] tha
used one frequency sweep that would be cycled across three pairs of coils to make a more uniform
field successvely spanning three orthogona axes. This means only two coils were driven a any
time. The implementation of this sysem was done by usng 6 complete tag readers with frequency
sweeps disconnected from the find amplification and bridge sages. The frequency sweep from the
master board was then cycled by programmable switch to drive the disconnected amplification and
sendng. The finad detected output from each board was then routed through an analog multiplexer

and returned to the master board for processing by the PIC microcomputer.
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Figure 3-7: Old 6 Coil Tag Reader

As seen in Figure 37, this implementation is not only very large and ungainly, but dso well
over 1/3 of the circuitry is redundant or never even used. In order to enable the creation of a more
compact multi-coil reader and dso reduce repetitive circuitry, the new tag board is capable of
running up to three coils non-concurrently. The tag reader uses a fat, high-current MAX352 IC
precison andog switch to pass the completed frequency drive to one of three inductive bridges.
This removes dl redundancy within the frequency sweep generation and drive mechanism and
means that dl three coils are guaranteed to be driven by the same sgnd. As outlined in Figure 32,

the three signals are then switched back together through an analog multiplexer just prior to the last
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gan sage . This provides for the output phase and gain of each coil to be individudly set. The
one drawback is tha the MAX352 andog switch is not entirdy capable of handling the large
current draw at the low end of the frequency sweep. Under roughly 90kHz, there thus begins to be
a noticegble depreciation in drive dgnd. Lower frequency tags will gill be detected but their
dynamic range may be dightly more limited. If running with just one coail, this can be avoided by
bypassng the MAX352. The end reult is that without significant loss of cgpability, a Sx-coil
reeder can now be built with just two boards ingead of sx, bringing the sSze of the sx-coil reader

down from the dze of a large desktop computer case (see Figure 3-7), to dightly more than a

laptop.
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Chapter 4

Early Tag Reader Applications

A number of agpplications have been developed usng the swept frequency tag reader. They
range from early smple interactions meant to demongrate the bare functiondity of the board to the
more conceptualy complex most recent gpplication Musical Navigatrics. Although the tag reader
has dgnificant potentia for usage outsde the musicad domain, the entire repertoire of gpplications
to date have had some significant sonic output athough dmaost more by coincidence than design.

The earliest gpplication for the tag reader was implemented by placing the coil benegth a
Lego board and embedding tags into Lego blockg1l]. Each tag had a corresponding tone that
would be generated if the tag was placed into the reader’'s magnetic fiddd. This implementation
provided for a very basc demondration of the tag reader's capability to sense and digtinguish
between tags. More complex nteractions were aso introduced by adding a multi-tag object and a
vaiable frequency tag. The multi-tag object used three LC tags placed orthogonal to each other to
determine the orientation of the object. This works because the magnitude of response b atag is
proportional to both distance and orientation. As the object rotates, different tags are rotated
perpendicular to the magnetic fidd, changing the rdative sgnd drength between the three tags.
The variable frequency tag conssted of a magnetodrictor with a smal magnet behind it. Moving

the magnet would produce a continuous, detectable change in the response frequency.
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4.1 Tangible Media and musicalBottles

Hiroshi Ishii and the Tangible Media Group a the MIT Media Lab have implemented a
second gpplication.  Their work has involved the idea of taking the everyday inert physicad object
and introducing digitd meening into it while retaining the object's conceptud modd. Tangible
Medids application is a bottle that releases aypica contents when the bottle's stopper is removed
and the bottle is opened. The project has explored a number of "contents' and interactions
beginning with musicaBottled6] and later bottlogueg7] and  genieBottled§]. Each
implementation condgts of three bottles placed on a table that doubles as a tag reader. With
musicaBottles, opening the bottles will play one of the three lines (piano, violin, or cdlo) from
Edouard Lao's "Piano Trio in C minor, Op.7, while opening a bottle in bottlogues releases a single
character's part in a three person nardaive. GenieBottles controls the intertwining stories of three
genies trapped in ther bottles. Each interaction explores the physicd nature of the bottles as a
container and the digita controls created by them, letting the user redize the seeming impossibility

of releasing sound from an opened bottle.

Figure 4-1: Tangible Media Group's musicaBottles
MusicaBottles and its successors al use the tag reader in the same hardware sgtup. In

order to detect when a bottle is opened, a tag has been built into the mouth of the bottle. The cork
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stopper has a ferrite core embedded into it while the bottleneck has coil wrapped around it. Thus,
removing the cork (and with it the ferrite core), the bottle's tag is detuned. This is then detected by
the tag-reader and passed on to a computer that interprets the data and uses a state machine to

decide when to trigger the appropriate sound outpui.

4.2 Musical Trinkets

The third primary application, Musicd Trickets [1][9][10], was done entirdly by Kai-Yuh
Hsao and Responsve Environments Group. It is aso based on using music to demondrate the tag
reader's capabilities. In Musical Trinkets 20 tags have been placed in 16 objects, which then creste
and modify a musica soundscape based on their behavior in the sensing fidd created by an search
coil connected to the tag reader and st into a table. The musica interaction is built around a set of
melodic mugca tones and a harmonic progresson, with additiond musica effects that modify and
add to these tones and harmonies. The “trinkets’ themsdves are predominantly Halloween toys,
with the result that the interactive objects ended up being mostly ghosts and goblins and a random
assortment of other smdl toys, dl embedded with tags. The main musc generation tags are the
ghost rings and the goblins. These trigger the musicd tones and harmonies. The 5 ghogt rings are
worn on the fingers while the hand is held over a sense table with the search coil st in it. Asthe
fingers are bent, the rings change orientation and become digned to the sense field, thus triggering
individud musicd notes. It is somewhat Imilar to playing a piano. The goblins meanwhile,
control the harmonies. Individudly, each of the 3 goblins triggers a different chord. As additiond
goblins are added or removed, Musical Trinkets uses a state table]1] to determine what chord is

played next. The additiona tags modify the musica texture provided by these 8 tags.
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Figure 4-2: Tagged Objectsused in Musical Trinkets

When added to the sense fidld, a Pikachu will add a twinkling of semi-random notes. The
pitch region of this twinkle is determined by a Pikachu's proximity to the sense table. A pig
modifies the musica lines by adding vibrato proportiond to proximity, while a dinosaur with a
magnetodtrictor ingead of an LC tag acts as a switch, triggering a change in the lines indrumenta
voices. A foot provides continuous pitch bend and discrete transposition based on proximity to the
sense coil.

There are dso more complex interactions with specidly tagged objects.  As in the initid
Lego experimentation[1], there is a cube and now aso an eyebal, each with three perpendicular
tags from which to track distance and orientation. The cube is used to add and bend a low droning
voice, while the eyebdl provides a particularly interesting interface as the tags coordinate to
control various parameters on a Lexicon effects syntheszer. Ladly, a vaiadle tag once agan
appears, this time as a Pez candy dispenser which fades in a choral sound based on proximity and

an orchestra overlay based on the degree to which the tag is detuned. Detuning of the tag is
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achieved by pulling up on the Pez dispenser head, which moves a ferrite core placed through a coil
in order to chance the inductance of the tag. A cone can be used as a switch to change the Pez
indrumentd voicing.

Musical Trinkets has been shown at a number of conferenceq9][11][12] and demos around
the world to thousands of people. Genera response is very postive, surely due in part to relatively
clear and easy to understand interactions, as wel as an enjoyable and unique interface. However,
Musical Trinkets is, as the name suggedts, a farly trivid mudcd interaction.  Although it sarves its
purpose well as a demondration tool for the tag board, the tagging interface, and the potentia of
tags as a mudcd controller for both solo and group improvisations, it lacks significant substance.
It is limited in its usefulness for the red creation of complex musc. Also, while some of the tags
for ingance the effect-introducing eyebal, do make clear use of the continuous red-time cgpability
of the tag interface, the exploration of the continuous nature is generdly limited and fals to deeply
explore and make strong use of the sound controlling potentid that exists.

The data used to generate the sound controls in Musical Trinkets is aso used to produce
pleasant interactive graphics usng OpenGL[1]. The graphics are projected from benesth a table
onto a piece of tranducent plagtic that forms the table top ingde of the coil. This provides for
direct graphica user feedback. The graphics can adso be rerouted for display on abigger screen or
other surface. They are generdly coordinated to match either the physcad aspect or the sound
aspect of an object. For ingance, rolling the eyebal around the table triggers the graphic of an
eyebdl rolling around the table, with the graphic rotating based on the actud rotation of the red
eyeball object.

The initid graphic condds of a fla gray disk on a black background. Adding tags will

either modify the disk or add additiona graphicsthat move in relation to the disk. Thetwo primary
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Figure 4-3: Multi-user Interaction with the Musical Trinkets

mudicd tools the ghost rings and the goblins generate bouncing colored bdls and fade in
individud colored spatlight-like triangles, respectivdly. The Pikachu adds swirling diamonds that
sin aound the disk, while the pig causes the bouncing bdls from the ring to shimmer
complementing the vibrato it adds aurdly. The dinosaur flips the disk over, and the foot changes
the perspective, essantidly zooming in or out. The eyebal adds a graphica eyebal that rotates
aong with the red one. The cube presents probably the most interesting graphica response.  As
the cube is turned and flipped, the entire graphic rotates and flips dong with it. The gragphics
asociated with tags such as this provide a clear indication of the tag reader's abilities to determine
orientation. Of the remaining two tags, the Pez tag adds a blue ring to the gray disk and a second
violet disk when detuned. Ladly, in some variaions of Musical Trinkets the cone acts as a

graphical switch between the tag's graphic described above and musicaCreatures, a music-
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responsive graphic developed by Marc Downie from the synthetic characters group a the MIT
MediaLab[13].

For more information on Musical Trinkets including video excerpts, please vist
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Chapter 5

Musical Navigatrics

Musical Navigatrics is the most recent and most complex application developed for the tag
reader. It was designed by the author an attempt to creste a comprehensve and exciting musical
instrument using the tag reader, and in the process explore the various potentiads of the tag reader
as an expressve musicd interface. It is the next step beyond Musical Trinkets adding depth and
musica cregtivity. There are three conceptual aress that Musical Navigatrics explores. usng the
tag reader to implement a free space musicd ingrument, its functiondity as an effects controller,
and adaptability of the discrete nature of moving tags in and out of the magnetic fied to develop a
basc sequencer, enabling complex tracks to be recorded, overdubbed, modified and accessed
during performance. These areas provide the foundation for the three main components required to
build an expressve song: notes, timbre, and order. The ability to combine these three musica
aspects together provides for a large amount of musicd potentid and depth, as well as red
practicality towards developing and composing a performance.  All mappings of tags to musc are
thus geared to give full muscd flexibility to the user within the limits of muscd hardware and
software as well as the tag reader itsdf. Considering the fact that most of the time, for meaningful
musical production, Musical Navigatrics would be played by one, possbly two people, each with
only two hands avalable for manipulating objects, mappings were chosen to endble as much
control as possible consdering that generdly only one or two tags may be giving dynamic input a

any given time. It is this aspect that greatly enhances the need of the sequencer. The sequencer
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dlows the development of multiple voices as well as the addition of effects on top of dready
played lines. The choices of sounds and effects were dso sdected to provide for the most

interesting but adso discernable range of output. The end product is a subgtantia expanson of

Musical Trinketsinto amusicd instrument and expressive free-space means of musica production.

Figure 5-1: Musical Navigatrics Setup

5.1 Technical Implementation

In darting the new gpplication, it was decided to move away from implementing MIDI
mappings usng C++ and Roguq14] and instead use a more powerful, better supported program
that is more directed towards musica applications. MAX[15] describes itsdf as "a grgphica music

programming environment for people who have hit the limits of the usuad sequencer and voicing

programs for MIDI equipment.”
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This describes just what was needed for the task. MAX provides for smplified MIDI
mapping. However MAX is currently written only for the Apple Macintosh platform and while
Macintosh's are generdly very good for music gpplications, they lack nonUSB serid support. The
current tag reader only outputs data on a DB9 serid cable. It is, however, easy to route MIDI to a
Macintosh usng one of the many MIDI-USB adapters. Thus the MIDI gream for MAX is
produced by taking the serid data produced by the tag board used with the tagged objects from
Musical Trinkets and processng the data usng a modified verson of Ka-Yuh Hsao's earlier PC
based Musical Trinkets gpplication. As the origind Musical Trinkets was dready generating MIDI
dgnds usdng the tag reader, it was farly smple to adept it to pack the information regarding
present tags and their sgna strengths into MIDI data The MIDI dream is then sent to a Unitor
MIDI interfaces, as ds0 used in Musical Trinkets, which digributes it to the MIDI input for MAX,
inthiscase, aMIDIMAN MIDISPORT 4 connected to an Apple G4 Cube.

In Musical Navigatrics the modified Musical Trinkets program sends MIDI notes via a
MIDIMAN. The MIDI vaues are reassigned, however, so that each MIDI note value corresponds
to the presence of a different tag, while the note velocity rdaes to the dSgnd drength.  This
gandard tag information is sent on MIDI channd 0. Channd 1 is used to rday any additiona
tagging information, which a present is redricted to the variable-frequency Pez tag. For this tag,
its overdl presence and srength is Hill sent via channd 0, but a corresponding note vaue on
channel 1 isused to rday any shift in the tags frequency.

Once the MIDI data has been recaeived by MAX, it is trandated and remapped to run the
music production sde of Musical Navigatrics. At present, there are two versons of Musical
Navigatrics. These two versons ae functiondly the same, only they use different sound

production techniques. In the initid verson, MIDI out messages from MAX were sent to hardware
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gyntheszers. Musicd notes were produced using an EMU Proteus 2000 Sound Module while
effects were handled ether by the EMU or a Lexicon MPX-100 Dua Channd Effects Processor.
All sequencing was implemented from scraich in MAX udng the MAX seq function for actud
recording.

Verson Il removes the need for sound generation hardware by using Propellerheads Reason
softwarg[16] for sound production. MIDI messages, both note and control, from MAX are
internaly passed to Reason, which redirects them among its various virtud rack devices
Additiondly, dl prerecorded sequences, such as drum loops and neutra figuration, are created and
handled within Reason. Redal-time sequencing and sequence coordination is dill being performed

in MAX.

5.2 Musical Implementation

Like the three conceptua areas of Musical Navigatrics, the tags themsdves were divided up
into 3 corresponding categories. note production tags, expressve effects tags, and control tags.
Note tags are awy tags that trigger a sound. Effects tags are used to modify the note voices and the

control tags are used to store information about the movement of the note and effect tags.

Note Tags. There are 5 note tags. The firgt three (the red goblin, the green goblin, and the blue
goblin play) respectively, a soprano voice, a tenor voice, and a bass voice. The note played
corresponds to the signa srength of the tag, so tha the tag's distance from the table more-or-less
decides the played note. Moving the tag up and down verticdly over the table will step through a
discrete C Mgor scae. The farther the tag is from the table, the higher the note produced. All the

tags have either an 8 or an 11 note range (sdlected in MAX by the user) going from either Cto C an
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octave up, or the V below C (G) to the D an octave up.  These ranges, though somewhat smal,

were chosen to take the best advantage of the avalable dynamic range; dlowing the user to pick

froma
Record Record Play Line Line
H “" 41 (13 41 I) 9
Tag Behavior Direct (No“Play ( Play (Voice Effects? Effects? Master
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Figure 5-2: Voice Tag Interactions

“Action “is defined as any movement within the sense fidd and an “active’

tag is any tag within the fidd not gtting on the sense table.  The firg record

category refers to when there is no Play Pikachu present or, if it is, the voice

has not aready been recorded. The second record category refers to both the

Play Pikachu being present and the voice having been recorded. The effects

categories refer to whether an effect will be heard on that voice or not.
useful range of notes while not packing so many notes into the sense region that it becomes
difficult to locate a particular note.  Thus, the blue goblin playing the bass voice dso offers a 5 note
range, C to the V above (G), as the tag is not as strong as the others and has a reduced dynamic
range. Bass voices traditiondly jump around the scde less, so this is also somewhat appropriate.
Lagtly, due to the fact that the fidd srength is non-lineer with pogtioin, the mappings are written
to hdp linearize the playing region, as this makes a more intuitive interaction. This weighting, as
well as the notes out, can be seen in Figure 53 the MAX note mappings. One last aspect of the

voice tags is tha if they are placed on the table they will actualy stop playing. As shown
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In Figure 52, there is no note mapping for a goblin gtting on the table as this date is used to sdlect

avoicefor line effects. Thiswill be further explained in the section on line effects.

Figure 5-4: Note Tags

The other two note tags are less drictly notes, as there is not quite the same distance-to-note
corrdaion. However, they functionaly act as note tags, in tha they trigger new sounds, can be
recorded by the sequencer, and can be modified by the effects tags. The fird is the dinosaur.
Moving the dinosaur into the tagreading field triggers a predominantly pre-recorded drum pattern.
In order to provide the user with more than one drumbest, the dinosaur tekes advantage of the
dynamic range of the sgnad drength provided by its proximity to the coil to sdect different
rhythms. The doser the dinosaur is to the cail, the generally more aggressve and dense the rhythm
played. There are seven different pre-recorded rhythms to choose from, with a variable number of

random notes added, depending on the dinosaur's coupling with the coil.
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The lagt note tag is the Pez dispenser. It controls either a chord or neutra figuration. When
initidly placed into the tagging fidd, it will play triad C-Mgor scde chords. As in Musical
Trinkets the Pez dispenser is avariable tag, so that raisng the Pez head will turn off the chords and
instead sep through a sdection of 4 pre-recorded neutra figurations with each additiond head
rasng. Moving the Pez dispenser veticdly over the tagging field table changes the chord or
transposes the figuration.  This time there are 8 possble chordstrangpostions ranging from C
Magor to C mgor, but the order is reversed from the goblin voice tags, so that dtting the tag on the
table will trigger the highest chord instead of the bwest. This dlows triggering of the low C chord
upon removal, a more typica progresson than the other way around.  Along with this, the chords
are weighted so that the more common chords, such as I, IV, V, VI and | octave, have a large

playing region and are easier to hit than less useful chordslikelll.

Figure 5-5: Effects Tags

Effects Tags. There are a totd of 8 different effects objects controlling behaviors ranging from

volume to transpogtion to filtering. The effects tags are divided up into two categories, line effects
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and magter effects, based on their scope. Regardiess of their function, line effects are able to act
upon and modify any given note tag or sdection of note tags. Mader effects meanwhile are more
limited in scope to act on every tag or a specific non-changeable set of tags. While effects tags can
be played and even recorded independently, they require a note tag or already recorded note-tag
sequence to be heard.

Line effect tags control effects where the user can choose one or more note lines and control
the sound of jus that line done. A line is easlly sdected by placing the corresponding tag into the
tag fidd. As discussed in the section on note tags, placing a voice tag on the sense table will sdect
it for line effects and will not actudly play new notes. This is paticulally useful when playing
back recorded lines, as it dlows a recorded voice to be selected for effects without playing over the
recorded line. For instance, when Musical Navigatrics is playing back a sequence composed of a
bass voice line and a high voice line, if the red goblin high voice is placed on the table, any line
effect introduced to the sense fidd will operate only on the high voicee However as any tag
dynamicdly present in the sense fidd recaives effects, if the same line is played back with the red
goblin 4ill on the table but this time the green goblin middie voice is being actively played, the
effect tag will now be applied to both the red and green goblins corresponding voices.

Both the Pez figuration tag and the dinosaur drums can be sdected in the same way for
effects, but unlike the voice tags, they have no passve sdect sate and will dways play based on
their proximity. If al note tags or no note tags are present in the sense fidd, line effects will
operate on dl note lines.

The avalable line effects are: filter cutoff frequency, filter resonance frequency, transpose
and volume. Cutoff frequency and resonance are mapped onto the black ring and the red ring

respectively. Ther badc operation is quite smple, in tha the magnitude of an effect is directly
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controlled by the sgnd srength of the coupling between the tag and the coil.  As the tags
themselves are rings, they are not expected to be used in quite the same perpendicular up-down
manner as many of the other tags. A more common mode of interaction is to wear the rings. The
result is that the effect magnitude changes not only with disance from the sense table, but dso
changes as the hand moves and rotates through the field. Wearing multiple effects rings (there are
dso two madter effects rings) triggers musicd response to the shgpe of the hand and its full
movement through space.

The Transpose Foot will transpose dl sdlected voices (with the understandable exception of
the unpitched dinosaur drums) up in relatiion to the C Mgor scae. There is no trangpostion when
the foot is gtting on the sense table, but as soon as it is raised, it will move sdlected voices as much
a a full octave. This provides the user the opportunity to introduce easy additional chord
dructuring. The Volume Cone unsurprisingly acts to control the volume of a voice As an
extenson, the Volume Cone dso acts as the mute cone. When the cone is placed on the £nse
table, it will mute dl sdected voices and dowly return them as it is removed from the from the
sensefidd.

For the most part, madter effects are effects that, due to the hardware or software
implementation at the point of sound generation, are only avalable to act on al sounds. This is
true for 3 of the 4 effects. the cube, dday ring and the digortion ring. The eyebdl, on the other
hand, rotates a sat of effects through the three primary voices. Regardliess of the actua effect,
however, they are unable to act independently on one voice and thus are considered master effects.
As a shown in Figure 52, unlike line effects, it makes no difference to the sound output what other

tags are present. Aslong asthere is sound being produced, a mester effect will act onit.
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Apart from ther region of effect, the dday and distortion rings act much like the resonance
and cutoff rings. The dgnd drength from the tags in the rings is Smply passed on as a MIDI
control signd and sent to the relevant device to add ddlay or distortion. The cube and the eyeball
have much more fun and unpredictable effects. Again, as in Musical Trinkets both of these two
objects is embedded with three perpendicular tags. The cube uses its three axes to control tree
separate parameters of the attached Lexicon effects processor, adjust, mix, and effects level. In
Verson Il, the cube dters panning as well as phasing and compresson. The eyebdl, rather than
usng the three tags to produce effects in coordination with each other, links each of its three tags to
one of the three primary goblin voices and sends a set of effects to each voice based on how much
its tag couples. As the eyebdl rotates and rolls around the table, effects essentidly rotate through
the voices, dtering one or two to voices a a time. The eyebdl triggers a variety of effects dight
pitch modulation, decay modification and dteration of one of the filter envelopes In Reason it
once agan causes dight pitch modulaion, but this time dso adds digortion and dters filter
modulation. Regardless of the software verson, the eyebdl ends up creating a somewhat

unpredictable but highly intriguing interaction.

Control Tags: Control tags run the sequencing capabilities of Musical Navigatrics. There are only
three control tags, Play Pikachu, Record Pig, and the Tempo Ring, but they dramaticaly impact the
usefulness and depth of Musical Navigatrics by letting the user move beyond contralling one or
two aspects of musical cregtion and ingead offering a whole redm of sound posshilities  The
Record Pig and the Play Pikachu are the only two tags for which there is a smple on/off date.

They work in conjunction to play and record the user’s various gestures. In order to maximize the
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creative cgpabilities and place as few regtrictions as possible on the user, the movement of dmost

any tag can be recorded into a sequence.

Figure 5-6: Control Tags

Sitting the Record Pig in the sense fidd will gart the record process by triggering a drum
pick-up intended to provide the user with the tempo and a bar line.  The pick-up will gart with the
fird beat after the pig is placed in the fidd, and recording will begin on the second downbegt
(emphasized by a base drum). Once recording has begun, the movement of any tag in the fidd will
be recorded for later playback. This includes changes in drum rhythm, playing of a voice or chord,
or an even a line or madter effect. The only exception is that other control tags are not recorded.
However this does not mean they will not affect the recording.

The record function is loosdy quantized. The leve of quantization can be changed but

must be done on the computer. The level of quantization ranges from a quarter note to a 32nd note.
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Also, recording will continue until the end of the bar in which the Record Fig is removed from the
tag field. A metronome can be turned on directly usng MAX to aid a user to record in time.

Placing Play Pikachu on the sense table will begin playback of whatever was most recently
recorded. Musical Navigatrics will only play one line per tag, however, so as indicated in Figure 5
2 if an dready recorded tag is being actively played, its new motions will be heard rather than the
recorded line. This is true for both recorded musical tags and recorded effects tags. As discussed
in the section on line effects, gtting a goblin voice tag on the sense table will not supercede the
corresponding recorded ling, it just selects that voice for effects.

Adding the Record Pig to Play Pikachu alows for overdubbing. The dready recorded line
will be played back and re-recorded while any new tag movement will be added. Similar to norma
playback, a specific dready-recorded voice or effect can be overwritten by actively playing that
voice or effect during recording. At present, there is no way to completely turn off a line other than
mute it.

The lagt ring, the blue Tempo Ring, controls the playback tempo of dl recorded lines, as
wel as the preset drum lines and neutrd figurations. Moving the ring far from the table will
decrease the tempo, while moving it close to the table will speed the tempo up. The active tempo
range is 64-187 bpm. Tempo should not be changed while recording, as it will result in
desynchronization of the timing between the record and play functions.

The last control functiondity is the SET parameter. With tags such as tempo, resonance
and the Drum Dinosaur, it is often desrable to save the vdue of the tag so that the vadue of the
corresponding control can be chosen without having to leave the tag in the fied. For instance,
without the SET ability, any time the Tempo Ring is taken out of the tag fidd, it would be sensed

while being removed, decreasing the tempo until the tag is out of the fidd, a which point the find
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tempo is dways very dow. However seeing as it is non-optimd to have to hold the Tempo Ring in
the right place al the time, SET will do it ingead. SET is done by teking the Record Pig and
quickly passng it through the senang fidd. The vdue of any tag in the fidd will be sored a that
ingant and played back as such. The tag being SET must dso be quickly removed from the sense

fidd or it will overwrite the saved vdue.

5.3 Evaluation of Musical Navigatrics

Musical Navigatrics has been shown a the MIT Media Lab during severd and has been
viewed by a large number of people. Although it has dicited a far amount of interest and positive
response adding depth to the system beyond Musical Trinkets has dso made the interaction with
the sysem fa more complicated. Here the limited interactions offered through demos is
unfortunatdy only able to dlow initid impressons. Musical Navigatrics requires some practice to
mader, an effect that is coherent with the gods of this project, and as such, the gpplication is
presently not organized towards smple types of play such as found in quick demos. Evaudtion of
its functiondities are thus based not only on observed user interaction, but dso on subgtantid

persond experience.

MIDI EffectsController:  Of the three areas that Musical Navigatrics explores, it succeeds best
as a MIDI effects controller. The continuous nature of the interaction alows gesture to become
effect and through effect, expresson Effects rardly need to be precise, as they relate more to
exploring a certain mudca fed. Musical Navigatrics lets the user make the natura trandation of
fed to gesture in a comprehensble manner not eesily found esewhere. The most standard

interfaces for controlling effects are small knobs, buttons, pedas, and keyboard mod wheds,
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pressure and aftertouch.  All of these are redtricted to a smdll, if not tiny range of motion. Anyone
who has gone to a concert of today’s dectronic music and watched the musicians bend over boards
as they turn knobs can see how un-expressve and how un-related these interfaces are to the
changes in sound they effect. They dso make for a potentidly boring live performance as the
audience hasllittle visua context with which to follow the musical gesture.

The lack of nonredrictive effects and expressive controller interfaces is a recognized
problem. In the past 5 years, Korg and Alesis have both released interfaces that try to address this
issue. The Korg Kaos pad [17][18] has been highly successful. It conssts of a smdl rectangular
touch pad that uses XY location to control effects. Although it is being used by a large number of
maor atigs egecidly within the dance musc community, and has been widdy praised for its
interesting effects and MIDI output capability, its degpest contribution is that it is an intuitive and
essy to use music interface thet |ets the user move well beyond what is possible with smple knobs.

The Aless AirFx [19][20] b a free gesture interface closer in usage to Musical Navigatrics.
AirFx crestes an infrared cone tha is about 6” long. When the user places his hand in the
illuminated fidd, AirFx uses the intendty of reflected light to infer the distance and the orientation
of the hand, and use that to control a bank of 50 preprogrammed effects. The AirFx suffers
somewhat from lack of MIDI output capacity and mainly week effects, but it has ill been wel
received dueto its ussfulness as alive interface as well as the ease and interest of interaction.

Another popular group of manly non-commercid effect-contralling interfaces are those
based on capacitive senang[21l]. There have been a number of different platforms developed
around the idea of capacitive sensing to develop a free gesture interface.  Probably the most famous
and mogt successful is the Theremin[22], but in generd, capacitive sysems are difficult to control.

They suffer from problems with dability and the need for cdibration, dong with the common free
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gesture problem; they offer no tactile or visud interface. This lack of feedback makes capacitive
systems very hard to learn. An experienced user can play them in a virtuosc manner but to the
casud user, they are often too difficult and abstract to be useful. One way of making capacitive
sendng more pdaable is through the addition of visud dimuli, such as Lela Hasan's
Termenova[ 23], done in the Responsive Environments Group.

The recent interest these dternative music platforms have generated, especialy considering
the success of the two commercid devices, indicates just how effective Musical Navigatrics could
be. The exciting thing aout Musical Navigatrics though is tha it offers more than these interfaces
do. The Kaos pad remains restricted to a smdl 2D board and provides only limited improvement in
terms of visud interaction. Musical Navigatrics is able to move beyond both problems. The airFX
is capable of 3D interaction, but is restricted to one source of data and can be obstructed by smoke
(common at least in the DJ community it is amed at) or bright light. Both the airFX and capacitive
sensng suffer from a not dways clear responsve interaction and dso lack any tangible reference.
Even though it is the placement of the tags in free space that controls an effect, having something
to hold is reassuring to the user and naturdly enables easy immediate sdection of different effects,
an inate advantage of tag reader that can not be matched by any of the other systems discussed;
they are unable to distinguish one hand from the next. Added to this is Musical Navigatrics gbility
to recognize orientation, such as with the cube and the eyebadl. These two objects add the most
interesting physcdity, as they give the user the ability to redly explore a 3-D soundscape,
grabbing and twisting the object in physicd space and aurd space. The interface discussed so0 far
does not even include the possihilities for the tag reader as a multi-coil effects device, which would

encble multi-axis spatia diversity and control over additiona degrees of freedom.
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Musical Navigatrics peforms very drongly as an effects controller. It is flexible,
interesting, intuitive and provides a very naurd reflection of the aurd results of effects The
ability to pick from a vaiety of objects move then in dmple sensble manner, and hear
understandable results is ided. The visble nature of the movement makes it good for live
peformance. The only two drawbacks are the limited sensang range and the need for a hold

function, two drawbacks that can be easily addressed.

Musical Navigatrics as a Tonal Musical Instrument: Although Musical Navigatrics performs
beautifully as a MIDI effects controller, it does not succeed as wel as an independently playable
indrument.  Unfortunately, it suffers from the same problems as mos free space instruments, in
that it lacks direct haptic feedback. Without the user being able to fed the digtinction between
notes or even have a visua reference, it becomes difficult to teach the body just where in space
goecific notes are. . Without this knowledge, it is difficult to control the Musical Navigatrics wdl
enough to outline a song. No implementation of Musical Navigatrics will be able to completely
overcome this problematic lack of direct physcad feedback, however our implementation does
offer some improvement over the sandard free gesture Stuation.  Firdly, the fact that changes in
pitch are discrete provides enough aural feedback so that with a smdl amount of training, it is
possible to develop some sense of where notes rest in space. The discrete nature also means that a
pitch can be given a substantid area in space, making it easier to hit. Also, the table the tags are
played over provides some indirect physicad point of reference. By redting the elbows on the table,
it becomes much easer to stably go to a desred pitch. If the "sz€' in goace of a note is sufficiently

large and the table is used as a physcad darting point, it can become quite easy to locate notes and
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play a song. Using the table and an 8note range, the author was able to play basic songs such as
the hymn "Dieslrag" in only afew tries.

Despite this success, Musical Navigatrics is gill not paticularly satisfactory as a pitched
indrument.  Part of this was the fact that in the present hardware, there is not enough sengtive
goatid range in which to place enough pitches to create a particulaly meaningful insrument.
There are, of course, many ingtruments that have existed for hundreds of years that posses as few as
5 or even one or two notes, but these instruments are generdly specidized, traditiond, or
percussve; dl concepts that are not redly gods in this project. At present, the space above the tag
reader can be divided up into ether 8 or 12 notes. With a bit of practice, the 8 notes is generaly
feasble to learn, but even just the 4 additiona notes pushes the limits of what is easly playable.

Yet another sumbling block for Musical Navigatrics as a pitched ingrument is the non
uniformity of the megnetic fiedd in the plane over the table, which combines with the orientationa
nature of the coupling to make transverse placement and object tilt additionad parameters that affect
the sensed sgnd strength.  While this property is wel-suited to Musical Navigatrics functiondity
as a MIDI effects contraller, it hurts its functiondity as a discretely pitched indrument. As sad
before, free-gpace ingruments are hard to play precisdly as they requiring careful and difficult
positioning of typicdly the hand in empty space. The fact that not holding the tags straight or not
moving them in a gdrictly up and down motion, not to mention the fact that the magnetic fidd itsdf
bends around the cail, adl impact the sgnd strength and thus pitch sdection.  Hence, there ends up
being many more complicated variables to learn for effective performance than just vertica height.

There is one last problem area for Musical Navigatrics as a pitched indrument: the lack of a
re.  Unlike the other problems discussed, this problem is not inherent to the tags and the tag

reader but rather the gpplication. Not having a rest, breath, or control over a note's decay was a
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ggnificant oversght in planning. It severdy redricts the expressvity of the ingrument as well as
meaking it difficult to jump notes. 1t is, in effect, impossible to repest a note and very hard to form a
line without giving it an undedred tal due to ether triggering other pitches while removing the tag
from the sensng fidd or moving another tag while trying to end the line through other the
movement of other tags (such as muting the line or stopping recording). This problem could be
somewha solved by adding a "ret" tag, which stops a note when it enters the senang fidd, but
pat of the reason this has not been implemented is that it requires the use of both hands in drict
interrdaion and precise conjunction that is not entirdy intuitive (The "volume' tag could
theoreticdly be used as a "rest" tag, but in practice, it requires much too large a motion to be
effective). A dightly more promisng solution is to add a "decay” tag. This would be fairly essy to
implement, as it just requires mapping the synthesizer decay envelope to atag, but suffers in that it
results in an even more complicated interaction between controlling pitch and note length. On the
positive side though, being able to control the decay adds a Sgnificant degree of expressvity.

Both options do require a dgnificant degree of hand coordination. This is a definite
obstacle, but a the same time, such a “damping” technique is used with great success in other
ingruments.  For ingance, in Bdinese gamean, one hand is used to drike a key on a metalophone,
while the other hand lags behind by a note and provides characteristic damping. This is an even
more difficult interface, yet can dill be learned farly easly. More difficult to overcome is the fact
that requiring a "res" or decay tag results in no free hand to add other expressive or control
gestures.

One lagt option that requires modification of the tags themsdves is to add a button or

something smilar to the tag that ether opens or shorts the LC circuit, destroying the resonance.
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This is dill a somewhat complex coordinated interaction but as it is confined to one hand, should
be not only easier than a two-tag method, but also leave the second hand free for other interactions.

In the end, Musical Navigatrics succeeds only somewhat as a pitched ingrument. The
difficulty of conggently hitting a note, combined with the lack of a rest, make it of limited apped.
This does not mean that it is of limited use; the Theremin is a successful indrument dthough only a
few experts can redly play it meaningfully. Adding a decay tag may dleviate pat of the rest
problem, but has its drawbacks, including reducing the ease of use. Probably the best solution is to
rethink the way Musical Navigatrics can be used as a pitched ingrument. Rather than trying to turn
it into something like a verticd keyless keyboard, why not use it as something more like a curve
generdtor or even more promising, use it to control an arpeggiator. Although the posshilities in
this area are potentidly vadt, one smple template would be to employ the “Matrix” template in
Reason[24].  Although the Mairix can be used for far more complex sequencing, an initiad
interaction is to draw interesting tond curves. The Marix, by default, makes al notes the same
length and inserts breeths between them. A smilar mapping would be very well suited to Musical
Navigatrics. It may lack the gpparent depth and capabilities of the origina goad of this project, but
it remans an intereing, fun, and even useful interaction.  Intefacing with an interesting

arpeggiator has the potentid for far more complex interactions.

Musical Navigatrics asa Sequencer: In the entirety of Musical Navigatrics, there are only
two discrete on/off tags, and they are both control tags. The amount that these tags are used in
practice beies just how important and useful these tags are. They are easy to use with fairly clear
effects But a the same time, they reman very limited. Compared to a commercia sequencer,

Musical Navigatrics offers an odd badance of unusud capabilities versus a digtinct lack of
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capabilities. It is the unusua features, however, that demondrate the tag reader’s srengths and
uniqueness, while its limitations demondrate the limits of the implementation and potentid room
for expanson.

When thought of as a solely a sequencer, Musical Navigatrics performs weekly. Part of this
is due to the fact that fully programming a powerful and thorough sequencer is a Szegble task, far
beyond the scope and needs of this present project. But Musical Navigatrics is not appropriate as a
full sequencer. It offers a unique interface for controlling mgor sequencing events, aong with an
intuitive means for recording effects. It works wdl for flowing events, not detalled sequence work.
While certainly an interface dlowing much more advanced sequencing could be worked out, there
is a point a which the tags need be no more than buttons, and thus the tagging interface would
offer nothing specid.

However, it is in the ability to provide a practica intuitive interface that its strength lays.
The interes in this inteface lies primaily in exploring the union between sequencing and
expressve performance. It is able to act as an interesting continuous MIDI controller interface, but
dill have sengble discrete actions that can be used for controlling larger-scale events.  In
comparison to the two commercia dternate interfaces that were discussed earlier, the Korg adds
the standard buttons to its Kaos Pad in order to control large-scale events, and while it would be
possible to map locations on the pad to specific sequencing events, there would reman no clear
delineation between choosing effects parameters and sequence parameters.  The airFX is able to
offer even less.

The intuitive, highly-adaptable interface of Musical Navigatrics enables it to offer a wide
range of capabilities.  Musical Navigatrics is ale to provide a far amount of flexibility in the way

it records. The fact that practicaly every combination of movement is recordable is rdativey
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unusud. It is possble to record multiple effects upon one or two lines smultaneoudy in an
intuitive red-time interaction.  Although this feeture is certainly not unique, it is atypica of device
that is not specificdly desgned as a high level sequencer. Pat of why this is worth implementing
with Musical Navigatrics is that the interface is well suited to make sense of such actions, both on
the hardware side and the user side.

In the end, Musical Navigatrics lends itsdf wdl to basic sequencing. What it offers in red-
time capability and easly discernable states makes it sengble for live performance and credtive
work. The present sequencing software achieves this to some degree but needs expanson. The
basc sequencing abilities need to be dgnificantly extended. Along with this the exising actud
sequencing capability needs to be made somewhat more accurate and brought more into line with
gandard MIDI file format. Timing is not quite condgtent in the present implementation and using
the MAX seq command results in Musical Navigatrics requiring its own unique file format. As a
result, adding new prerecorded sequences from outsde Musical Navigatrics can be quite difficult.
It must ether be played into Musical Navigatrics where it is re-recorded, or the file must be
completely reformatted. This has been sgnificantly improved with the introduction of software
verson |l using the Propdlerheads Reason software package. In version |, prerecorded sequences
such as the drum tracks can exig in Reason, meking Musical Navigatrics MIDI file format
compatible and capable of linking to other stlandard sequencer capabilities.

The last area the sequencer needs is the addition of supporting graphics.  Sequencing is
much easer with visud cues to indicate which bar is being played, how long the sequence is, what
the tempo is, etc. Also, this would provide additiond clarity and feedback as to the dtate of the
tagging interaction.  Although it is generdly possble to tel the specific interactions occurring in

Musical Navigatrics based on the tags in the sense field, the action of one tag may be changed by
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the presence of another, introducing possble confuson. Graphics rdatiing the current software
date can dleviae that. With a graphically clear date, it becomes more practicd to make the
logicd addition of mode switching. For ingance, adding a switching tag that toggles between a
sequencing mode (where tags are used for expanded sequence handling) and a play mode similar to
what presently exiss would be a powerful improvement, made much more feasble with grgphic
support.  The present visuas however, remain the same as those used by Musical Trinkets and thus
have only margind reation to the tag behaviors seen in Musical Navigatrics. Rewriting the
graphics to both relate to the new tag functions as well as rday important sequencing information
could sgnificantly improve the sequencing ease of use, as wdl as provide the user with more a

interesting and rewarding interaction.
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Chapter 6

Future Development

Although much work has dready occurred on the swept-frequency tag reader and much has
been discussed about the tag reader in rdation to musicd interfaces, there is gill more potentid for
technicd improvements, development of more complex and more powerful interaction through
expandon of podtioning capabilities, and dso gpplications of tag reader's capabilities outsde the
narow fidd of musc. As such, thee ae ill subgtantid possbilities for improvement and

exploration.

6.1 Improvements
There remain a number of improvements, both large and smal, that can be done to the
present tag reader. Some of them can be eadly implemented with the existing board, while others

require amajor rethinking of the entire circuitry.

Auto-calibration: One of the more difficult user interactions with the tag reader is manudly
tuning the frequency sweep on the tag board. Tuning requires an oscilloscope and a fair amount of
experience with how dtering one resstance will effect the sweep and thus the need to dter other
resstances. Even with practice, a severdly out of tune board can be very complicated and time-
consuming to set up. In order to standardize the sweep, remove the bulk of the tricky frequency
tuning process, and most importantly free the tag reader from reliance on expensive extra hardware,

it would be ussful to endble it to auto-cdibrate. Pleasantly, this could be done fairly easlly with the
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exising board setup. As depicted in Figure 3-2 and discussed in Chapter 3, there are three variable
resstances that are used to determine the frequency sweep. These resistors control the exponentia
rate, exponentid bias, and exponentid gan. Replacing the user-modified resstors with digitaly
controlled potentiometers or the Cygnd’s two DACs would enable the Cygna to take full control
of tuning. Of these resdors cdibration can be made to depend primarily on baancing the
exponentid bias vs. the exponentia rate while leaving the exporentid gain a a preset vdue. With
the ingdlation of dynamic frequency drift dtabilization, the Cygnd now has control over both the
needed resistances (the control of exponential bias has already been discussed). Control over the
exponential rate was enabled by smilarly adding an AD5220 in series with the resstance adjusting
RC voltage decay time congant.. By counting the wave cycles during a preset amount of time at
the beginning and end of the sweep, it should be feasble to develop an dgorithm that adjusts the
exponential rate and bias to ensure that dl tags are reached in the sweep, and that hand cdibration
is no longer necessary. Although the present board is not set up for it, it would dso be possble to
dynamicaly st the output DC basdine levd to the minimum possble vaue thus optimizing
dynamic range. At present, the basdine is chosen visudly and manudly adjusted. By usng the

Cygndl, it could be automaticaly set based on the actua sampled data.

Other Improvements. Auto-cdibration would be probably the essest yet dso most useful
upgrade to the tag reader a the moment. Beyond that, there are more drastic revisons. Firg, the
posshility of upgrading the find dages of the output drive have dready been invedigated. An
dternative to the present push-pull power trandstor stage has been designed by Responsive

Environments RA Mak Fedmeer. The new driver smoothes irregularities in the find output drive
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to the bridge, while dso dlowing additiond improvements in the dgnd-to-noise raio. This drive
does need further testing but is so far promising.

Another area that can be improved is in linearization of the received andog output. Due to
the nature of the solenoidd magnetic fidd, the amount of coupling ketween the search coil and the
a tag decreases in an exponentid manner as the tag moves further from the coil. The result is that
rather than a draightforward linear interaction, the implied velocity of a tag changes quickly when
close to the search coil and dowly when further awvay. Adding either hardware or software to make
the tag reader output change in amore consstent manner would aid in smplifying user interaction.

Findly, more work needs to be done to discover a means for increasing the spatia range of
the tag reader and increasing the number identifisble tags. Some of this can be achieved through
more careful sdection of tags and components, but some of this requires more drastic changes. At
this stage, it is agppropriate to look at other means of tag detection. The inductor bridge is definitely
successful, but is a somewhat brute force solution, requiring a lot of wasted power and introducing
extra tuning issues. It would be promising to explore new methods to detect a tag's impact on te

search cail.

6.2 Expansion- M ulti-Coil Geometries

One of the mgor regions for development and expanson is in the use of multi-axis cail
geometries to provide tracking information in multiple dimensons a wel as sepaating
orientationd information from digance information.  Multi-coil geometries can dso reshape the
magnetic fiddld when driven smultaneoudy. At present, the Responsve Environments Group's
expanson into multi-coil geometries has only begun to explore the capabilities of the Bg reader as

amulti-dimensond tool.

61



Figure 6-1: Magentic Field Lines and Non-Uniform Interaction
This figure explores the unexpected interactions tha occur due to the non
uniform magnetic fidd in the plane aove the search coil. Fird, while Tag A
will be detected by the coil, Tag B will not as Tag A is perpedicular to the
megnetic fiedld while Tag B is not. The Stuation is the same with Tags C and
D except here the fidd lines have bent so that maximum coupling is no longer
is achieved through verticle pogdtioning. Here, Tag C will couple more
grongly than Tag D even though Tag D is perpendicular to the coil. In the
case of Tags E and F, Tag F will couple more-strongly with the search coil as
it is in closer proximity to the coil despite the fact that Tag E is in the middle.
Lastly, even though Tag G is just as physcdly close to the coil as Tag F, tag
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G will fal to couple a dl as it is not perpendicular to the fidd lines which at
the edge of the cail, are mosily horizontd.

A drawback of dl the single coil gpplications to dete is that the magnetic field generated by
the solenoid coil does not behave in a flat, planar manner. Indtead, the magnetic fidd is curved,
and the drength is drongly related to the distance from the perimeter of the actud coil, not from
the coil as a whole. This curvature of the field is confusng to a player. As depicted in Figure 61,
in order to detect a tag right above the actud wire of the coil (Tag G), it must not be perpendicular
to the plane of the coil. Wheress, if it were orthogond to the plane of the coil at the coil’s center
(Tag E), it would couple very grongly. The typica intuitive user interaction would expect the
sgnd drength to be consstent with respect to orientation, regardless d where the tag is in reaion
to the coil.

Building on this is the more obvious result that even if the magnetic fidd were entirdy
perpendicular to the coil, orientation would gill dramaticdly affect sgnd srength.  This concept is
farly easy br the user to grasp and can be used to produce some interesting spatial mappings, but
it is generdly not managed wdl by the sngle-coil reader’s tag interaction. The tag reader is unable
to didinguish whether a sngly-tagged object is being rotated or being moved closer to the cail.
Agan, orientation sengtivity can provide for useful interaction, for ingance the rotaiond
interaction with the triple-tag objects, but when combined with other nonuniformities, orientation
dependence primarily adds undesired complexity.

A third unintuitive nonuniformity is that the magnetic fidd generated by the current
through the read coil’s wound wire is strongest near the wire.  This Stuation is depicted using Tags
E and F in Fgure 6-1, and results in the tag reader interpreting trandational movement across the

coil plane the same as it would if the tag were moved up or down.
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The end result and combination of these three non-uniformities is that the actud dynamics
of the playing fidd ae in fact, much more complex than smple proximity. These dynamics can
be understood and made useful to the user, but on the whole result in the tagging interface being
much harder and less intuitive than expected. Adding more coils can help dleviate and make better
use of these non-uniformities,

By driving two coils concurrently, the magnetic fied lines can be dgnificantly reshgped.
The most draightforward geometry produced by two coils is with the Hemholtz coil configuration.
As depicted in Figure 62, by placing two coils parald to each other and appropriately spaced, the
magnetic fidd in the area between the two coils will become dgnificantly more uniform and
condant.  Although the addition of an opposng coil dgnificantly dters the physcdity of the
interactive space, it dso removes any complexity in the shgpe of the magnetic fidd lines, resulting
in an easer to understand coupling strength characteristics.  Additiondly, two opposing coils alow
for the orientation of a tag to be eadly distinguished from the location of the tag. This is due to the
fact that the overdl tag coupling sensed by both coils will indicate orientation while the rdation of

one coil’ s response to the other will imply overdl distance between the two.
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Figure 6-2: Magnetic Fidd Lines from a Hdmholtz Configuration

As discussed by Hsiao[1], a rudimentary 6 coil cubic tag reader has been developed and can
provide reasonable 3-dimensond tracking within a 1-2' cube.  The cube tracker is built by using
three pars of Hdmholtz coils, one for each pair of faces. As previoudy discussed, each par of
faces is run individualy, so that only one axis is being used a a time. Despite some issues, the
cube tracker provides a ggnificant step up from the sngle Helmholz configuration as it can detect
location and orientation on each of the three axes. This information can be adapted for variety of
3-dimensond tracking gpplications.  For a more complete discussion of the 3-dimensond cube
tracker, including problems, successes, and the test gpplication associated with it, refer to Hsao's
thesq1].

Adde from usng Hdmholz coils thee reman a number of interesing multi-coil
geometries.  One of the problematic interactions that has been evidenced by users of Musical
Trinkets and Musical Navigatrics is the lack of any sgnificant response to transverse motion. It is

very common to see a user want to use the tags by dragging an object across the sense table rather
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moving it up and down over the table. This action produces little response with the current single
col sysem. A dmple multi-coil geometry thet, while not providing the same bendfits as a

Helmholtz coil, does provide some trandationa information would be highly beneficid.

g,

S~

Figure 6-3: Exploratory Coil Geometries

Two dud-coil, synchronous-drive geometries presently under consideration are depicted in
Figure 6-3. These would both provide for definite trandationd response. The figure on the left is
good for |left-right information while the figure-eight geometry on the right is particulaly
interesting in that it should produce an effect amilar to an absolute vadue joystick, where moving a
tag in a pogtive direction on the X-axis will be gopear the same as moving it in the negative
direction, but the magnitude of the change should be detectable. This behavior should also occur
for the Y-axis s0 that the postion of a tag in any XY quadrant is determinable even though the
actud quadrant the tag is in is not. No matter how a tag is moved in the plane, a response will be

produced.
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Chapter 7
Conclusions

The need for dternative interesting but intuitive and easy to use interfaces is a redity that
will surdy grow in the future as digitd interaction continues to permeate daly life.  Although
dternae means of human-computer interface are being explored on dl fronts, nowhere is the need
for an dternate inteface s0 goparent and dso gpt as in muscd controllers.  The cgpability of
digitd synthess and the recent commercid appearance and rapid success of such devices at least
within the growing dance musc community cdealy outlines the need for an expressve muscd
interface.  Passve tagging offers a unique and gppeding posshbility for deveoping these new
interfaces.

This project began with a previoudy developed continuous swept RF tag reader that was
cgpable of amultaneoudy detecting the continuous position of up to 20 diginct tags in red-time
within a roughly 12" distance from the search coil. The new board developed under this research
improves the sendtivity and dynamic range of the previous tag reader through the addition of a
multiply sampled basdine as wel as fader and more sengtive sampling.  Along with this the
problem of dability, a problem in the previous design, has been largdy solved by the addition of a
digitally controlled potentiometer cgpable of rdiably counteracting dramatic frequency shifts.  Any
additiona drift not taken care of by the potentiometer can aso be monitored through the use of four
known cdibration gs spaced throughout the 50kHz-400kHz sweep. Moreover, the new tag reader

should be eminently and imminently cgpable of handling complete auto-cdibration.  Additionaly,
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the new board has been specificdly designed for the devedlopment of multi-coil geometries. The
tag reader can now run up to 3 asynchronous read coils (hence sensitive axes) on one board.

Beddes advances in the capabilities of the tag reader, the development of the swept tagging
interface as a complex free gesture musicd interface has been significantly advanced and explored.
The implementation of a new application, Musical Navigatrics, has introduced sgnificant new
depth and potentid to what was previoudy little more than a musicd toy. Musical Navigatrics has
successfully demonstrated the outstanding nature of the tagging interface to implement an exciting
and needed means for effects control. Musical Navigatrics has illuminaed the expressvity,
flexibility, and ease of use for controlling effects inherent in the tagging interface.

At the same time, Musical Navigatrics has exposed problems in usng the tag reader as a
pitched MIDI indrument. Despite promise, the tagging inteface has difficulty surviving the
typica problems associated with free gesture indruments. It suffers from a lack of direct feedback,
as wdl as the need for more complex control despite the limited number of hands avalable for
playing. On the podtive Sde, it shows outstanding potentia for high-level tond shgping (eg. a
curve generator or arpeggiation controller).

Lagtly, Musical Navigatrics has demondrated some of the possbilities for a tagging
interface as a complete performance or credtive plaiform. The tag reader’s unique ability to
underd¢and and provide intuitive control of both discrete and continuous events presents a useful
bdance between expressivity and sequencing.  Although ill in need of subgtantid  software
devdopment both muscdly and grephicdly, Musical Navigatrics manages to present a fun,
interesting, and potentidly powerful means for musc compostion and expressve live dectronic

performance.
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Beyond Musical Navigatrics is the need for more fully investigaing and implementing the
tagging inteface with multi-coll geometries  Multi-coil geometries not only endble different
magnetic configurations that can improve the uniformity of detected coordinates but dso add more
physcd dimensons to the otherwise one-dimensond tagging interface. Besdes further
development of a cube tracker, smple two-coil arangements should be explored to bresk specia
degeneracy, providing usars with a more stifying interaction while adding only a minimum of

technicd complexity.
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Appendix A: Schematics

This gppendix presents the schematics for the origind tag reader and the drive circuit,
oscillator circuit, and control circuit of the new reader.
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Appendix B: Code

This appendix provides the code for the Cygna C8051F0005 microprocessor. Includes the
header file cygtag.h and the executing file, cygtag.m.



B.A Cygtag.h: Microprocessor Header Selections

Cygtag.h is composed of the standard Cygna 8051F0005 heeder file plus the following

code:

/*

; Copyright (C) 2000 CYGNAL INTEGRATED PRODUCTS, INC.

; All rightsreserved.

; FILENAME : C8051F000.h

; TARGET MCU  : C8051Fxxx (C8051 System Controller)

; DESCRIPTION : Register/bit definitions for the C8051Fxxx family.
REVISION 1.8

; */

[* Pinlabels*/

shit PIN_AO = PO"0;
shit PIN_A1 = POML;
shit PIN_A2 = PO"2;
shit PIN_A3 = PO"3;
shit PIN_A4 = POM4;
shit PIN_A5 = PO"5:
shit PIN_AG = PO"6:;
shit PIN_A7 = PON7;

shit PIN_BO = P1"0;
shit PIN_B1 = P171;
shit PIN_B2 = P12;
shit PIN_B3 = P1"3;
shit PIN_B4 = P174;
sbit PIN_B5 = P1"5;
sbit PIN_B6 = P176;
shit PIN_B7 = P177;

shit PIN_CO = P2°0;
shit PIN_C1 = P2"1;
shit PIN_C2 = P2"2;
shit PIN_C3 = P2"3;
shit PIN_C4 = P2°4;
shit PIN_C5 = P2°5;
shit PIN_C6 = P2°6:;
shit PIN_C7 = P2°7;

sbit PIN_DO = P3"0;
shit PIN_D1 = P31,
shit PIN_D2 = P3"2;
sbit PIN_D3 = P3"3;
shit PIN_D4 = P3™4;
shit PIN_D5 = P3"5;
shit PIN_D6 = P3"6;
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sbit PIN_D7 = P37,

/I standard bools
#definefalse 0
#definetrue 1

/I TIMER 0 and 1 Settings
#define COUNTER13
#define TIMER13

#define COUNTER16
#define TIMER16

#define COUNTERS
#define TIMERS

#define OTHER

/I ADC gain values

#define GAIN1 0
#define GAIN2 1
#define GAIN4 2
#define GAINS 3
#define GAIN16 4
#define GAIN.5 7

000
100
001
101
010
110
111
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B.B Cygtagm.c: Microprocessor Code

[* Code to run Cygnal C8051F0005 for swept-frequency tag reader. Starts with general
board initialization. At this point, board can be held for hand calibration (Calibration
Toggle Switch) prior to sampling and // storing of baseline (for upto 3 axes). This is
followed by a sweep of the test tags in order to figure out the point where each tag should
be switched in. This completes calibration and initialization.

At this point, the board goes into a loop whose prime function is to take samples of the
frequency sweep. The length of each sweep is also checked for frequency drift and may
trigger pot. to hold sweep length. The calibration/test tags will also be switched in every
specified number of sweeps.

This particular version of code is running all three axes*/

#i ncl ude "stdio. h"
#i ncl ude "math. h"
#i nclude "intrins.h"
#i ncl ude "cygtag. h"

#define PIN_TRI GGER PI N_B1

#define PIN_I NPUT O

#define PIN_CAL 1

#def i ne PI N_TAGPRESENT PI N_B2

#def i ne PI N_RESETSWEEP PI N_B3

#defi ne PI N_OSCI LLATE PI N_B4

#defi ne PIN_EXPOTRI G PI N_B5

#defi ne PI N_HI 555 PI N_B7

/I make this back to 6 for board

#define PI N_RUNCAL PI N_BO //changed fromb6 to free up LED

/* alternate for board circuit (test board are odd even grouped) */
#define PIN_MJX0O PI N_CO /lthese are happy at 3.3V
#define PIN_MJX1 PIN_C1

#tdefine PIN_MUX_EN PIN_C2

/lgive rate 4,5

#define PIN_ BRES EN PIN C4 /'l Exponetial Bias Res
#define PIN_BRESDI R PI N_C5

#define PIN_RES EN PI N_C6 //these are happy at 3.3V
#define PIN_RESDI R PI N_C7 /1 Exponetial Rate Res
#def i ne PI N_RUNSAMPS PI N_DO

/'l AXI'S specific pins

#defi ne PI N_AXI SMD PI N_D1
#defi ne PI N_AXI SML PI N_D2
#defi ne PI N_AXI SM2 PI N_D3

/ *

#define PIN_MJUXO PI N_C3 /lthese are happy at 3.3V
#define PIN_MUX1 PIN_C7

#define PIN_MUX_EN PIN_C1

#define PIN_RES EN PI N_CO //these are happy at 3.3V
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#define PIN_RESDI R PI N_C4
#def i ne Pl N_RUNSAMPS PI N_DO

/'l AXI'S specific pins
#defi ne PI N_AXI SMD PI N_D1
#defi ne PI N_AXI SML PI N_D3

*/

#define XTLVLD BIT 0x80
//#define  LED PIN_B6

#define CALI B_RUNS 300
#tdefi ne MAXSAMP 900
#defi ne SAMP_SPEED 64430;

voi d
voi d
voi d
voi d
voi d

[/void setTinmerl (unsigned int

voi d
voi d

voi d

voi d
voi d
voi d
voi d

voi d
char

cl ocksConfig (void);

xbar Config (void);

uart Config (void);

pcaConfig (void);

set Timer3 (unsigned int val);

node,
adcConfig (unsigned int gain);

11
11

11
/1

OSCXCN. 7 Crysta

green LED: '1'" = QN, 'O

how many cal i bration runs done per

nunber

of sanpl es taken

unsi gned int val);

set AdcChannel (unsigned int val);
unsi gned int readAdc (void);

usDel ay (unsigned int val);

ttaglOn (void);
ttag20n (void);
ttag3On (void);
ttag4On (void);

addbuf (char val);
get buf (voi d);

//void addbuf (unsi gned int val);
/lunsigned int getbuf(void);

voi d
voi d

driftTest (void);
| oop (void);

unsi gned int tmpSnp = O;
unsigned int i, j;

unsi gned int overfl ows=0;
unsi gned int threshol d;
unsi gned int counter=0;

dat a
dat a
| ong

unsigned int last, start;
char axis=0; // which pair of boards
sum

unsi gned int ttag2, ttag3;
unsigned int ttag4 = Oxffff;

dat a

unsi gned int bufstart=0, bufend=0;

i data char buffer[80];

char
char

unsigned int axisOfset; [/ *AXIS*

/1 AXI S
even = true
calib = fal se;
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data unsi gned int
unsi gned i nt

basePo = 0;
baseBuf [ MAXSAMP] ; /1

sanpl e-sweep rate

/l'unsi gned recal _count =0;

/1 two bytes,

reclibration

/] char

i near=1;

void main (void)

{

11

11

11

11

| ast
pres
i nt next
i nt high
gned int pc
count Sum = 0;

i nt sweeps = O;

int tnpStart, tnpEnd,
int tagvag, tagMax,
int freq_count = O;
i nt sanpRate = SAMP_SPEED,;

i nt
i nt

unsi gned
unsi gned
unsi gned
unsi gned
data uns
| ong int
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned

»oooo

= 0;

< nononn

tnp;

unsi gned int buf Tnp[ MAXSAMP] ;

cl ocksConfig();
xbar Config();
uart Config();
pcaConfig();
adcConfi g( GAI N1) ;

printf("PIC starting up...\n");
put char (253);

put char ( 255) ;

put char ( 255) ;

threshold = O;

Pl N RESETSWEEP = 1

PI N_OSCI LLATE = 1;

PI N_EXPOTRI G = 1;

Pl N_RUNCAL
PIN H 555 = 1
Pl N_MUX_EN

PI N_RES EN

1

0;
1,

11

tenp
PIN_AXI SM2 = 0;

j =0;
LED = ~LED
set AdcChannel (Pl N_I NPUT) ;
whi l e (basePo < MAXSAMP) /1
baseBuf [ basePo++] = 0;
basePo = 0;
usDel ay (200);

t agCont,

289 sanpl es shoul d cover the current

hopeful ly; count cycles 'ti
tagStart, tagEnd;

unenabl ed

init baseline
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/1
/1
is
/1

11
11
/1

/1

for (i=0;
buffer[i

t akes base
set tinmer

hal f as ac
set Ti ner

i <79; i++)
] =0x11;

line threshol ds
3 so that sanple rate half that

curate
3(sanpRate);

during regul ar detection (baseline

won't run unless run switch on (this allows for calibration with

no resisto
while (!

new * AX| S*
for (axis=
axi sOffs

buffer should

11

if (ax
el se

if (axis
el se

/

r compensation
(Pl N_RUNSAMPS) ) ;

handl i ng code
0; axis < 3; axis++) {
et = axis * (MAXSAMP / 3); /1
be
is == 1) PIN AXISM) = 1;
PI N_AXI SMD = O;
== 2) PINAXISML = 1;
PI N_AXI SML = 0;
/[ *AXI S* end new code

while (!(PIN_TRI GGER));
whi l e (PI N_TRI GGER)
PCAOL = O; //reset PCA counter
PCAOH = O0;
CR = 1; /1 turn on PCA count
TMR3CN = 0x06; // timer 3 to run of

for (i=0; i<CALIB _RUNS; i ++)

PIN.D6 = O; /] just

usDel ay(600);

whi
{

le (!(PIN_TRI GGER))

TMR3CN = 0x06; /'l clear
if (even) {
threshol d = readAdc();
PIN D4 = ~PI N_D4;
basePo++;

this provides offset for where in

er
f sysclk and turn on

in here to hel p debug timng

overflow flag

i f (baseBuf[basePo + axisCOffset] < threshol d) [1*AXI S*
baseBuf [ basePo + axisOfset] = threshol d;

/1 *AXI S*

}

}

even = fal se
el se even = true;

while (TMR3CN ! = 0x86);

PIN. D6 = 1;

TMR3CN &= O0xf b;
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CR = 0; /1l stop PCA

/1 put char (t hreshold >> 8);
/1 put char (t hr eshol d&0x00f f) ;
/1 put char (basePo >> 8 ); // use in conjunction with tag calib to get
#sanpl es
/1 put char (basePo&0x00ff);
pca = PCAOL; /1 must read |low first

pca += PCAOH << 8;
put char (pca >> 8);
put char ( pca&0x00f f) ;
put char ( 255) ;

put char ( 255) ;

count Sum += pca,; /1 want average | ength of sweep
basePo = 0;
even = true
PCAOH = O;
PCAOL = 0;
TMR3H = Oxff; /1 sanple imed ately
TVMR3L = Oxff;

whi | e (PI N_TRI GGER)
CR = 1,
TMR3CN | = 0x04; /1 turn clock back on;

}
} 11*AXI S*
freg_count = countSum/ (CALIB_RUNS * 3); [1*AXI S*

put char (freq_count >> 8);
put char (freq_count &x00ff);
put char (252);

put char (254) ;

/1 This shouldn't be necessary, if anything, tend to get one extra sanple at
t he
/1 threshold (takes 578 sanples (at 2 tinmes over sanp), but just in case..
/1 basePo = MAXSAMP - 10
/* whi | e (basePo < MAXSAMP)
i f (baseBuf[basePo++] < threshol d)

baseBuf [ basePo] = threshol d; /'l ensure that can acconpdate extra
sanmpl es
*/

basePo = O0;
whi | e (basePo < MAXSAMP)

{
basePo++;
i f (baseBuf[basePo] > 4045)
baseBuf [ basePo] = 4095; //add saftey nargin
el se baseBuf [ basePo] = baseBuf[ basePo] +60;
}

/*
for (basePo = 1; basePo <= MAXSAMP; basePo++)
baseBuf [ basePo] = buf Tnp[ basePo] ;
*/
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| ast = baseBuf[1];
pres = baseBuf[2];
next = baseBuf[3];

/1 for any sanple, want the highest on each side
if (last > pres)
baseBuf[ 1] = | ast; [ fill in first sanple

el se

baseBuf[1l] = pres;
for (basePo = 2; basePo < MAXSAMP; basePo++)
{

high = last;

if (pres > high)

hi gh = pres;
if (next > high)
hi gh = next;

baseBuf [ basePo] = hi gh;

| ast pres;

pres next ;

next baseBuf [ basePo + 1];

}

if (next > pres)
baseBuf [ MAXSAMP] = next;

el se baseBuf [ MAXSAMP] = pres;

basePo = 0;

/1 take sanples fromdrift tags (using Timer 1)
/1 these are for conputer use so just send and don't worry

whi l e (bufstart! =bufend) /1l enpty buffer
{
put char (get buf ());
}
ttaglOn(); /1l start with tag 1 on
PIN_MUX_EN = 1;
tagMax = O; /1 inits
tageEnd = 0;
tagStart = OxFEFE
PCAOH = O0;
TMR3H = Oxff; /1 no del ay
TMR3L = Oxff;
while (!(PIN_TRI GGER)); /1 reset start timng
whi | e (PI N_TRI GGER)
calib = true;
El E2 | = 0x01; /1 enble Timer 3 overflow interrupt
CR = 1; /1 turn on PCA counter
TMR3CN = 0x06; /1l timer 3 to run off sysclk and turn on
EA = 1;

[l skip all this stuff if you are running nulti-axis, or just do it on
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// one axis.

for (i = 0; i
{

while (!(PIN_TRI GGER));

PIN.D6 = 1;

PI N = 0;

< 200; i++)

| D4
EA = 0;
CR = 0;
TMR3CN &= 0xf b;
/* pca = PCAOL;
put char ( PCAOH) ;
put char (pca);
put char ( 255) ;

put char ( 255) ; */

basePo = 0;
even = true;
PCAOL = 0;
PCAOH = 0;
TVMR3H = Oxff;
TMR3L = Oxff;

addbuf (255) ;
addbuf (255) ;

tnpStart = (getbuf() << 8);
tnpStart += O0xO00f f &get buf () ;
get buf ();

if (tnpStart
{
tmpEnd = (gethbuf() << 8);
t npEnd += 0x00f f &get buf () ;
get buf ();

I = 65535)

" 255"

tagMax = (getbuf() << 8);
tagMax += 0x00f f &get buf () ;

tagCont = (getbuf() << 8);
tagCont += 0xO00ff &get buf () ;
get buf (); /1 debug

whi | e (tagCont
{

| = 65535)

/1 disable interrupts

/! turn off clock

/'l no del ay

/1 mark end of new data

/[/this is to pull out the debug 255

/1l did we get any info?

/1 this is to pull out debug

/1 while still getting tag info

t npEnd = (getbuf() << 8);
t npEnd += 0x00f f &get buf () ;

get buf ();

/1 debug

tagMag = (gethuf() << 8);
tagMag += 0xO0O0f f &get buf () ;

if (tagvag > tagMax)
tagMax = tagMag;

t agCont
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tagCont += 0x00ff &get buf () ;
get buf () ; /1 debug
}
}

if (tnpStart < tagStart) tagStart = tnpStart;
if (tnpEnd > tagEnd) tagEnd = tnpEnd;

switch (i)
{
case 50: {

putchar(tagStart >> 8);
putchar(tagStart & 0x00ff);
put char (tagEnd >> 8);
put char (tagEnd & 0x00ff);
put char (tagMax >> 8);
put char (tagMax & 0x00ff);
put char ( 255) ;
put char (254) ;

ttag2 = tagEnd,
tagEnd = O;
tagStart = OxFEFE
tagvax = O;

ttag20n();
br eak;
} /1 This tag no good right now

case 100: {
putchar(tagStart >> 8);
put char(tagStart & 0x00ff);
put char (tagEnd >> 8);
put char (tagEnd & 0x00ff);
put char (tagMax >> 8);
put char (tagMax & 0x00ff);
put char ( 255) ;
put char ( 254) ;

if (tagStart < ttag2) ttag2 = tagStart;
ttag3 = tagEnd;

tageEnd = 0;

tagStart

tagvax =

= OXFEFE;
0;

ttag3On();
br eak;

}

case 150: {
putchar(tagStart >> 8);
putchar(tagStart & 0x00ff);
put char (t agEnd >> 8);
put char (t agEnd & 0x00ff);
put char (t agMax >> 8);
put char (tagMax & 0x00ff);
put char ( 255) ;
put char ( 254) ;
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if (tagStart < ttag3) ttag3d =
ttag4 = tagEnd,

tagEnd = O;
tagStart = OxFEFE
tagvax = O;
ttagdOn();
break;
}
defaul t:
br eak;
}
while (PINTRIGGER) // if there is a tag present,
{
/1 _nop_;
}
CR = 1;
TMR3CN = 0x06; /1 timer
PIN_D6 = O;
EA = 1; /'l start of sweep;
}
EA = 0;

TMR3CN &= 0xf b; /1 turn off clock
put char(tagStart >> 8);

put char (tagStart & 0x00ff);
put char (tagEnd >> 8);

put char (tagEnd & 0x00ff);
put char (tagMax >> 8);

put char (tagMax & 0x00ff);
put char ( 255) ;

put char (254) ;

putchar(ttag2 >> 8);
put char (ttag2&0x00ff);
put char (ttag3 >> 8);
put char (ttag3&0xff);
put char (ttag4>>8);

put char (ttag4&0x00ff);
put char ( 255) ;

put char (254) ;

PIN_MUX_EN = 0;

calib = fal se;
basePo = 0;
even = true

/1 this is just in here as a visible sign that

for (i = 0; i <100; i++)
put char (111);
/1 won't run unless run switch on (this allows for

/1l no resistor conpensation (this time for debug)
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whil e (! (PI N_RUNSAVPS)) ;

/1 with 20mhz cl ock, we have 200ns cycles. takes roughly 550 cycles per sanple
so
/1l clock counts should give us 1000-cycle timng, or about 50 us sanple rate.

CR = 0; /1 turn off PCA and reset
PCAOL = O;
PCAOH = O;
TMR3H = Oxff; /1 no del ay
TMR3L = Oxff;
set Ti mer 3( sanpRat e) ;
El E2 | = 0x01; /1 enble Tinmer 3 overflow interrupt
while (!(PIN_TRI GGER));
while (PIN.TRIGGER); // should start at begi nning of sweep
CR = 1; /1 turn on PCA
TMR3CN = 0x06; /1l timer 3 to run off sysclk and turn on
EA = 1 /1 gobal interrupt enable
/1 loop that runs during sanpling sweep and sends results
whi | e(1)
{
/1 set AdcChannel (Pl N_I NPUT) ;
while (!(PIN_TRI GGER));
PIN D6 = 1;
PIN D4 = 0;
EA = O; /] disable interrupts
TMR3CN &= Oxf b; /1 turn off clock
CR = 0; /1 turn off PCA
PIN_MJUX_EN = O; /1 disenable test tags
/1 addbuf (overfl ows);
/1 addbuf (counter);
pca = PCAOL;

pca += (PCAOH << 8);

addbuf (pca >> 8);

addbuf (pca&0x00f f) ;
/1 addbuf (overs);

addbuf (255 - axis);

addbuf (255 - calib);
/1 addbuf (255 - calib); // indicate if it is a calibration run
/1 addbuf (255 - axis);

/1 new *AXI S* handl i ng code
axi s ++;
if (axis > 2) axis = 0;
axi sOffset = axis * (MAXSAMP/ 3); // this provides offset for where in
buf fer shoul d be
if (axis == 1) PIN_AXISM) = 1;
el se PIN_AXI SM) = O;
if (axis == 2) PINAXISML = 1,
el se PIN_AXISML = O;
/1 *AXI S* end new code
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if (pca > (freg_count + 20)) {
PIN.RESDIR = 1; // down
PIN.RES EN = 0

else if(pca < (freq_count - 20)) {
PINRESDIR = 0; // up
PIN_RES EN = 0
}
el se
PIN RES EN = 1

if (sweeps > 450)

{
calib = true;
ttaglOn();
PIN_ MJUX_EN = 1; /1 add test resonances into sweep
sweeps = O;
}
el se

calib = fal se;

/1 count er =0;
/1 overfl ows=0;
basePo = 0;
even = true
sweeps++;
PCAOL = 0;
PCAOH = 0;
TMR3H = Oxff; /1 no del ay
TMR3L = Oxff;
/1 PIN_D6 = 0;
whi l e (PI N_TRI GGER) /1 if there is a tag present, this takes about
i f (bufstart!=bufend)
{
/1 get buf ();
put char (get buf ());
}
/1 PIN_D6 != PIN_D6;
}
PIN_D6 = 0;
TMR3CN = 0x06; /1 restart clocks
CR = 1;
EA = 1; /'l start of sweep; take data again

}
void ttaglOn (void)

PIN_MUX0 = O;
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PIN_ MUX1 = O;

}
void ttag20n (void)
{
PIN_MUX0O = 1;
PI N_MUX1 = 0;
}
void ttag3On (void)
{
PI N_MJUX0O = 0;
PIN_MJUX1 = 1;
}
void ttag4On (void)
{
PIN_ MUXO = 1;
PIN_ MUX1 = 1;
}
voi d cl ocksConfig (void)
{
/1 disable watchdog tinmer
WDTCN = Oxde;
WDTCN = Oxad,;
/'l Start up the external oscillator
OSCXCN = 0x67; /1 enable crystal osc div 1
/1 for 20MHz crystal (power ratio not
/1 really known)
/1 wait for xtal osc to start up
while ((OSCXCN & XTLVLD BIT) == 0 )
{
}
OSCI CN = 0x88; /'l select external osc as
/1 system cl ock, disable
/1 internal osc
}
voi d xbar Config (void)
{
/1 configuring crossbar
XBRO = 0x44; /'l connect UART and PCAO external trigger
XBR1 = 0x00
XBR2 = 0x40; /1 enabl e crossbar
PRTOCF = Oxff; [/ set all unused pins to push-pul
PRT1CF = 0xf8; /1 sonme are read
PRT2CF = Oxff;
PRT3CF = Oxfe;
}
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/1 Configure the UART using Timer2, for 19200. 2kbps, 8-N-1 using 20MHz sysclk
void uartConfig (void)

SCON = 0x50; // SCON: nmode 1, 8-
bit UART, enable RX
RCAP2H = OxFF

/1 22.11Nnhz
RCAP2L = 0Oxf a; /1 115200 baud
/1 20Nnhz
/1 RCAP2L = 0xfc; /1 115200 baud
/1 RCAP2L = 0xf5; /1 57600 baud
/1 RCAP2L = 0Oxdf; /1 19200 baud
RCLK = 1;
TCLK = 1;
TR2 = 1;
PCON | = 0x80; /1 SMOD = 1
TI = 1; /1 Indicate TX
r eady
}
voi d pcaConfig (void)
{
PCAOMD = 0x06; /1 set PCAO to count off ECI, disable interrupts
}
void setTinmer3 (unsigned int val)
{
TMR3CN &= Oxf b; /[l turn off timer 3
TMR3CN | = 0x02; /1 runs of sys-clock direct

TMR3RLL = val & 0Ox00ff; // set tinmer 3 to over flow every 1000 cl ock cycles
TMR3RLH = val >> 8§;

TMR3H = Oxff; /1 init Timer3 to reload i medi ately
TMR3L = Oxff;
}
[*void setTimerl (unsigned int node, unsigned int val)
{ /'l doesn't deal with counter gate-ing
TR1 = O; /1 turn off clock prior to setting

swi t ch( node) {
case COUNTER13:

TMOD = ( TMOD&OxOf ) | 0x40; /[lretain timer O settings
TL1 = val &x00FF
TH1L = (val >> 8)&0x001F; /1 13 bits only
br eak;
case Tl MER13:
TMOD = ( TMOD&O0xO0f )| 0x00; /lretain timer O settings
TL1 = val &0x00FF
TH1L = (val >> 8) &0x001F; /1 13 bits only
br eak;

case COUNTER1G:
TMOD = ( TMOD&OXxOf ) | 0x50
TL1 val &0x00FF
TH1 val >> 8; // 16 bits
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br eak;

case Tl MER1G6:
TMOD = ( TMOD&OxOf )| 0x10;
TL1 = val &x00FF

TH1 = val >> 8; /1 16 bits
br eak;
case COUNTERS:
TMOD = ( TMOD&OxO0f )| 0x60
TL1 = val &0x00FF; /1 8 bits
br eak;
case Tl MERS:
TMOD = ( TMOD&OxOf )| 0x20
TL1 = val & xO0O0FF; /1 8 bits
br eak;
defaul t:
/1 i don't want to do this one, ne |azy
br eak;
}
CKCON | = 0x10; // Dbased on CLK
}*/
voi d adcConfig (unsigned int gain)
{
AMXOCF = 0x00; /1 all inputs are non-differentia
ADCOCF = 0x80+ gain; /1 SAR conversion clock set to sysclk/16 so that
SAR < 2Whz
/1 as devel. board has Va < 5, tenp set gain=0.5
AMXOSL = 0xO00;
REFOCN = 0x03; /! enable VREF, on-chip bias generator
/1 and bias output buffer
ADCEN = 1; /1 turn on AD //
}
voi d set AdcChannel (unsigned int val)
{
ADCEN = O0; /[l turn off AD
AMXOSL = 0x01 + val; /1 set channel
ADCEN = 1; /1 turn on AD again
}
unsi gned int readAdc (void)
{
unsi gned int val;
ADBUSY = 1;
whi | e (ADBUSY) ; [/wait until AD conversion conplete
val = (ADCOH << 8) | ADCOL
return val
}
/1l 1e' see, 20Mh clock give 20 cycles per usec

voi d usDel ay (unsigned int val)

{

unsi g

ned int tprog;
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tprog = (65536 - (val - 1));

TMOD | = 0x01; // 16 bit counter
CKCON | = 0x04; /luse syscl k
TLO = (tprog&Ox00FF) ;

THO = (tprog >> 8);

TRO = 1;

while (!TFO);

TRO = O;

TFO = O;

}

voi d addbuf (char val)

i f (bufend==bufstart-1 || (bufend==79 && bufstart==0)) return;
buf f er [ buf end++] =val ;
i f (bufend>79) bufend=0;

}

char get buf (voi d)

{
char val
i f (bufend==bufstart) return 255;
val =buf fer[ buf start ++];
if (bufstart>79) bufstart=0;
return val

}

void loop (void) interrupt 14
{
data int tnp;
data unsigned int pca; // bstnp, betnp;

TMR3CN = 0x06; /1l reset interrupt flag (set to 0Ox86 for nmaxinmum
speed)

/1 i f (counter==255) {overflows++; counter=0;}
/1 el se counter ++;

t mp=r eadAdc();
pca = PCAOL,;
pca += (PCAOH<<8);

if (even) {
basePo++;
even = fal se
}
el se
even = true
if (calib) {
tnp = tnmp - (baseBuf[basePo] + 600);
if ((pca>ttag4d)&&(ttag4d! =0xffff))
ttagdOn();
else if (pca>ttag3)
ttag3On();
else if (pca>ttag2)
ttag20n();
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else tnp = tnp - baseBuf[basePo + axisOfset];
if (tnp>0)

{
if (last==0)
{

}
| ast =1;
sum += tnp;
/1 sumt=((1/tnp)~(2/3)-.0225)".5; /1 no floating point!
}

el se

start = pca;

if (last==1)

{
/1 addbuf (start _o);
addbuf (start >> 8);
addbuf (st art &x00FF) ;
addbuf (255) ; /1l these 255s are maminly here so
things are
/'l easier to read in during debug.
addbuf (pca >> 8);
addbuf (pca&)x00FF) ;
addbuf (255) ; /1l right now, receiving progs. not
expect it.
addbuf ((int) (sunm>8));
addbuf ((i nt) (sum&0x00FF) ) ;
| ast =0;
sun¥o0;
}
}

PIN_ D4 = ~PI N_D4;
if (j >= 4000)
{ /1led blinks every 4000 sanpl es
/1 LED = ~LED;
j =0
}

j
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Appendix C: MAX Code

This gppendix includes maor portions of the MAX application code
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C.A General Patches

OE®

Master Control

thiz is the primary MaX page from

Mote on Guide :
which everything is contralled

1: Sets drum line density 2 4: High melodic line 5: T tempo 8 individual 10: eyeball 1 13 master delaw 14 16 walume 17

Bazzline 3 : Mid-range record & play Filter Cuttoff 9 individual 11: eyeball 2 mazter distortion 15: lexcican 18 lexicon

melodic line Resonance 12:eveball 3 chords

note Range i
1 oetave 1+ octave convert

|~
1
a I it §iz2 == 20
Q |if($i1 EE)] il =200

then $il else 9

=

|aate 10 |
T

[p Pl l

sel 8

gate 10

|p recopd
BN ]

initializing button: i

|
\\.;,:
needs to set 7 [pdrums : -
programs and ini ERETCH |pldistattioh | \:ﬂ

volumne L=l
E L —| p high HEley lehordérp |
=t |]

I A |octavel
(IR i

send initButton T roadi

p resonance

pc

send noteEange

t I
T i oadt  cave

termpa metronome
volurne

drumns dinesau rid green goblinrecord pig ternpo blue ring [}D |93"9h3” 1 po lexticon bosx:
chords slider high red goblin play pikachu cutoff black ringm eyeball 20 o LID LID
bazzling blue gob wolume cone resonanee red ring eyeball 21 b0

Bo ]

EffectEnable

MNotes
active frecieved:
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OEE = convert =!
;-'El— Convert Input
sel 0 translates in—coming
PIE|
[enable 0]

[enable 1 ]

[gate | |print tag| R zw itched foot and
drum
fote0lzz456700 |
////’,/’ Foute 10 11 12 1214 15 1617 18 19
cZ AN
13|14 10011 (12)1&
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OE®

- seqRec

-8

"Pre Recorded" Sequence Recording

turn on record
(taggle style)

play fztop

[

r barline

start record (bar
length style)

bar length

&
[reora]

=]
—
]
|bDeIay | pickup

rnetronanne ?

reset ternpo

|send metron | bg |

zend preRecSeqTrp

use this for
making new
non-Reason
pre-recorded
SEQUENCES,
Play seguence
in while
recording

rnust init rnidiformat
channe|

e preRecTmp

[z=10 if $iz == = I .
LS then bang else e Iy 40 pro— ’J.=A.| =k
I:-Delay# R [ECelay | blelay F%
delay 10], start e - b0 lay
stop start stap (|1

stop L-/

== ! fpack 0 127 | E:|1E~ Epack Tizr

- & start

B |

midiformat

rmidiout b

rmidiout b

print postseq

really isn't a good
way to set
quantization level
except through front

page

-

vz

90




C.B Sequencing Patches

OE &

[sequencing]

Handles sequencing

=et up and toggling sequences stored in
between playback rulti-track

and zaved sequenc

[r seqPlayTrap | |receive seqRecData | receive initButton

route 1 23 4

[receive seqRecCil | [receive seqPlayCil |

[receive maztereRecUData |

.l [receive mastereRecFData |

T
seq write rp enableCtIRoute -J

== Trtes oy
changing (D)

— =3 receive seqRecEffect

cRoute 1 23 4

4

nRoute 0 gate | [gate | [gate | |gate

N

i

T2

rulti-ltrack
blelay

/ [delay o, B -1

1 o = I.' E. I 1

rpgate [ ™ |rpgate
i N print loop
1 | —]
rpgate B rpgate
N
rpgate ]| / P
rpgate \\%\

p multi-lrack |masterkec | |p masterRec |

print gatelut (4

I"l

:
=
S
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OEME=——————————[multi-ltrack]

Stores all non each vaice
rmaster tracks independantly

L59| start recarded

O O
| [

] ] | — —
[gate | [oate| [gate |  [gate |

receive recThrough
receive initButton
receive recStart

Lsel stop record

] €

[werite ] [ztap |

&

format

print rizon
r rnasterEffSave

r plytrop

whatewver iz
appropriate temnpo
thing

rmidiflush
rmidiflush

[rridit hush

cornplete sequence
not finished until all
internal sequences
carnp lete

print FecChordout E

print inzidedone
print seqlone

| [MEID

S
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OEE

rpgate

rettestall| 7]

Record/Play Gate

Decides what input,
active /recorded,
should be

played frecorded

Regular Voices (Goblins)

Z: channel on

r transpose Amt

ifiFiz==1)

then $i1 elze

out2 Fil

T

) if (§iz ==0)
inlets: then %i1 else
1:rmaxed? outZ $it
2 zeq data

it §i1 1= §iz
then bang

r cir1Stat

]
|route 721 22 23]  [route 721 2233

record out

play out

print chord

Chord Structures (Pez)

mﬁ iz the channelon?

what is the note?

receive addChord
receive chordChange

flush upan note
change or chord lewvel

chordnote

O & & -[enableCtiRoute]
Routing did
[Foute 01 ] [Foute 07 1] |route 071 | [Foute 01 ]
CISTZ R § . .
sl [& [lal [& |[& & |l& &

[zend pIRt1 | [send pIRt2 zend plRtZ zend plRtd
|
4| |2
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O &

Pack Controls

fcRoute

Pack Note

aids in sequence
routing

fnRoute

] 4

aids in sequence
rauting

rnidifarrnat

1 = play information

Enabled?

F testz if tag present

[it Fi1 > O then 1 else O |

HE

[4]¥

S KD
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] | o

Ara 15 R O 0 D . o 0 ] o o

kB H
7

Controls

Record

there
somet]

is0 loops is good

p
iz always
hing recorded

v initButton

=]

i
if (i2

then bang

L 1
it §iZ <= 200 then
then bang

i
¥ 300)

then bang

[ playing]

&

; 1
|ECelay ) |bDelay )

| -
|p pickup | here Cincludes

metronome])
u’ recTemnp J

L
if §iz ==
then bang elze
outZ bang

=]
stop start -1

zend seqRecCt]

zend zeqF lay Ctl

4]

[aT»

Cornmnent
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ORE = =————-H0H
Play Controls

r barline

O & E = tnate

=]

e |

if $i1 1= §iZ
then %il expects a toggle

hram, it would nice
to dermeasure the of f

|star’t il | |de|a3.-' u} |

[zend plaing | | [send seqPlawCtl |

IE zend plyStart

4]

[4]»

5

| [4]»

NEID

[ & E == Save [Si=]

]

b
=
SEIn
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ORE=——————————1temp:

Tempo Control [7]  qutiestion

I i
[r initButton | [bDelay |

zend timeSig
bprn range 40-251 [zarrybang | rs-eﬁ 48616 52 |

gl R
r preRecSeqTmp

enabled?

receive initButton
120
\/ I_carryl:-ang
ternpo 120 1 96 |
end preRecTrp
I
[120] [r recStart | zets quantizaton
I'j IE I:. default iz Sth notes
-'9 Al o
A — | Fgend evtTrnp delay 2070 [0 |1
: a A zend quantBeat
|

. |r ATETER) |c-:uunter 95
[ternpo 120 1 96 | II;:'][}D | zend recTenp

[zounter 95 [z2nd earlvBarline | [send barline |

zend seqPlay Trp r_end recBarline

this needs to get

banged at the end of |'_r:| IF:I

every record
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C.C Voice Patches

Untitled

note in

r quantBeat

valurne in

it §i1 * Fiz
then 127 el=e

p bMoteTable

print bassout

noteoy

aut2 Fil aut2 il
] Bass Voice
zelect 0 127
i [ \

lowest note is g

if il b
then $i2 else

note in

valume in

bazs- zends to

if §il = iz
then 127 el=e -
outz it Middle

channel 1

save last note (for
note offs)

biz

raiddle voice on
channe| 2

Voice
select 0 127

oteTable
-1z lowest note is g

save last note (for
note offs)

if $il 1= §i2
then $iZ elze
[u]

4]
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a8

O @& &

High Voice
r quantBeat
set max out lewvel

[zet %1] |

out2 il

then $il elze
outz il

[pamout b 4| [stlout b 4 |

it £l > i2
then 127 elzse

MoteTable

lowest note is g

it Fil 1= £z
then $i2 else

[FackMote

takes in here if
trying to use

| [pack] l:hl:-rl:linq_|
!

unpack

zave last note (for
note offs)

r transpose At

this currently only

[sehd seqRechata | [plwChord | —
E - gets note off and
print highaut tranzient |
channel 1o record o noteout b 4 |
. and data -
| e

B
=
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D biNotelable =TE
Bass Mote
Selection
|+ 10 | thiz gives youao this glwac a waighted o
— major seake with 12 o dor sealk soak EER lhh 1_:_#:;:#!:1;:#\1
nede rargs v ith B robes —_ l:lﬂ";'lﬂ LA -
ﬁstllzxﬂﬂﬁTB?IU . =
SRIRES wath T reprents PO T o |

=l 1T IZ 1514 151

]

[0 El fl ==——-"—"—""—"———"——noteTable

tag "welocity” Basic Note Selection

receive notekangs

select range

+10 this gi\n::-s a o major 72 this gives 3 ¢ major
sealdvithile ete —== ccale with weighted
CE each ® represents

range 2 note range
(sl 12245678310 | velocity range of &
el 11 12 [sel1 2245678310

]
[zl TT1Z1Z 14 1516 17 18 1920 |

MID| note 155][57][52]en]e2][64 ][e5][e7][e2 ] 71

c=g0

KNI

[4]
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O EE dims == e e e T

Drums |

inlet 2 is for from

"zet" =0 that it is not
seen as present when
niot

version | drums
(no reason)

receive initButton

[pgrnout b T | [ctlout b 15|

r initButton
r barline

[sel 12345678 | |receive initButton |

blel —_—
then i1 receive preRecTmp

|select 0| =

— i ——
[tempo 1201 2| [tempo 1201 &

|Fandomn 101 | [Fandom 101 |

if §i1 > &0 if i1 » 90

then 1 then 1 r quantBeat

/X]notenut b 16 | [notdeut B 16 |
r
P

F

sending drurs to
channel 16

on’?

A
A]r]

send seqRechata

Tale e
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=)=

S E

[seq beatstraight | [zeq beath | [seq beats2 ]

=

Plays

-prerecorded |
-drum files. Noti
‘used in Version ;
|l (Reason) :

it §i1 = %i2

then §iz

& Upper Kit
= Rhythm

[print nﬁ] [

[route 01T 2345

S

zeq beatzdZ

a
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OE®

= rDrums =

Drums

r initButton

Drurn controls for
Verszion || (Reazon)

each # represzents &

[sel1 2245672310

|
|
[sel 11 1212141516 17 1819 20 |
[ctloutb 5z 16| [if $il == 0 then 1 |
ctlout b 92 16
Il N b o i 2 i
o1 ] &][10]

ctlout b = 16

r]
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Chords with

Neutral Figuration

inlets:
1. amplitude
2. slide

2. amplitude offzet (lowers mas)

4. slide offset

[

|' Fil 1= $iz
then il Feceive preRecTmp

[select 0] =

enabled?

v initButton

|unpack |

Mote

|zend zeqRecData |

noteout b
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O &EE arpeq : =]
Figuration
plays selected
LZ neutral figuration
[sel ] [zounter 3
controls voiceing for
apeqqgio's aswell
set§1|E[1 23 |
™ |
e B
E'] 00,032
ztart -1 stop [pomout b = [Alout b ﬂ
prepend O L
l—' [start]| [start [pamout b 2| otlout b ﬂ E:l
[Foute D123 |
stop oo,032
[s2q arpZ| [seq arplow|
mout b 3
— pa [ctlout b 2 |
[pack 500 |[pack 50 0 ||=
T |
[ridiformat |
print arpout i
| =
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OEEF

Chord Builder for Slider

[J |
inlets:

1. amplitude
2. slide

u]
Z. amplitude offzet (lowers max) EI
4. zlide offset

if §i1 < §iz2
then $it
elze out2 1

& each * represents &
+ 1

[el1z245e72210 |
I
el 1z 1214 15 16 17 18 12 20
=0,
zal 0 sel 0 / / / / /
el 0 /EE 2] [57] [55 55| [52] [Bo| [4&
i —F
[; \ \ save
[ f
] I
if (§i1 ==52] if (F11 == 527 it §il 1= §iz
then out2 §il Il i1 == 55) then out2 1
else $il then out2 it 7] [65]|[e4]|E2]ED] 1 [E2] BT [E5]iEE] [52 alse O
elze $il

ate ] gate
pack 00 pack 0 110
E] |
|unpack |
I e
packNote m
|print Chordout |  [Send seqRecData |

|
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CEE

charding

mE

fundamentals
for larga chord
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C.D Effects Patches

O &6 Cutoff B
mount Filter Cutoff
chords bassline rmid high
EoE]
enabled?
[t az|| | [cHomtt s [cHiaui b 74 1] [ctloutb 74 2| [stloutb 74 4| 74
1 1 z k3 |:='1:| (pack |
packCtrl Lpackl:tr Lpa.;kmr Lpackctr
|zend seqRecEffect | [send seqRecEffect |  [send seqRecEffect | [send seqRecEffect | [send seqRecEffect | zend cir|Stat
D%
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OEE

Resonance

chords baszline riid

v initEButton

Effecitnable

7
E-nabled.
=]
s
[ctlentb 71 5] [ttt 71 1] |etlout b 71 2 | [stutb 7T 4]  [71]
1 z z 4
(packCir [paskEir [pcketr [packtir
send seqRecEffect E
=] |send seqRecEffect | |send seqRecEffect | ||send seqRecEffect | ||send segRecEffect |
|stlout b 53 3| | S == __| =end ofrlStat
] |etlout b 55 5 | [etlontb 52 1] |otlout b 53 2 | |etlout b 53 4 | 53
: thiz iz uzed by
packCir| I:;l I:T:l 3 4 rpgate to determine
whether to soreen
(packCirl | [packCir [packCir [packbir the prior recorded
contraol
send seqRecEffect
|send seqRecEffect |

|send seqRecEffect | |send seqRecEffect | |zend seqRecEffect |
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present |y running
thraugh channel 1

[+] rniEutton | FxA
k e

B

|pack 14 0] [otloutb 146
ctloutb 12 &

prepend 1

|send mastereReclData |

exicon Control

taxiz 1 fiamis 2 Wiz

pack 100

ithrough channel 1
i

iswitches Lexicon
isource allowing new app
ito use same setup as
imusical tinkets

{elick on which dema
{iz running

usicaltrinkets dernoi

M dermo P
[T &
1 2
[Feceive newDemoLesicon | [midiin ¢ |
switch 2
gate
rnidiout o

print lexicon ctrl

S ]

KD
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0 =1 = - eyeBall =]
Eyeball
iz 1 iz 2 axisE
r initButton
\|\ Gtiout b 26 1 T
—
= T L =]
enabled? — '=|9 =
B [,:l Pk 26 0 | [ensbie 1 [,]
Lpack 240 |enabled | |pack 24 0 u
@ 7 ?
1]
Effect Enable L]
determines if no tags
present to determine
where line effects
are active or not
[ |
T
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OE&

volume

=)=

#

Effecitnable

Volume

high

bazsline mid

chord

— == =

=a

|etlout b & 15

[ctloutb1215]| | [ctloutb 15 15]

receive initButton

15] [E]
packCrI

15 i)
packitrl packitr

|send zeqRecEffect |

|zend seqRecEffect | |send seqRecEFfect | [send seqRecEffect |

Set

stores tag velocity

ol

[t $1]

[=t%1] [zet$1]

[zt $1] [set$1] [cet$1] [2t81] [zt 1] [z=t 3]

|delay 1000 | [o ] [@

——— — |
| [ [ [ [ [ [ [

I I I I I
[zet#1] [zet$i] [set$1] [set$1] [setsi]

I
e8] [set@1] [set$1] [setd1]

send seqRecEffect

transpose

moves up by Major
"_EI scale steps

|sel0 1224567

send transpose dmt
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OE&

panCont =

el =

rhyethrn

4

b

as=line

4

Pan Control/Speed

high

E=]

[ctiaut b 27 16 |

L-.'|ate

[etlout b 27 1

L]

[otlout b 27 2

ctlout b 27 4

1

[send zeqRecEffect |

s

Lpackl:tr

.

LpackEtr

o

LpackI:tr

[send seqRecEffect | [zend zeqRecEffect | |[send seqRecEffect |

These two patches
Par‘l Depth wark together to
control a rotating
rhythrm baz=line rmid high pan effect
ante ante Lq.ate
ctlout b 258 16 |ct|nutb28 1 | |c‘t|nuth282| |ct|nutb284|
s| [ o] &[] ¢
LpackEtr Lpackl:tr Lpackl:tr LpackCtr
|[send seqRecEffect |  [send seqRecEffect | |sénd seqRecEffect | |[send seqRecEffect | '
v
| %

i
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OE®™ masterRec mE
Master Effects rec
control unforrated formated
|r initButton
Lr-:uute 12 Sequence recording
K for master-effects
d] e
I ]
B [midiformat [[ [midiformat | \
EX 52
- 1™
gate gate
; :
Controls Full Pan
rhythrm bassline rivid high
ante- Lq.ate ante L-.'|ate
[ctlaut 2 18] [Hlowta 10 1] [etlout a 10 2 | [etlout 2 104 |
[rridifarrnat | [midiformat | [midiformat |
- |
[zend recEffect | |zend recEffect | |send FecEffect | x
KIDZ
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