The classic way of building an array of cheap drum sensors is to use
microphones mounted to some kind of mechanically isolated plate.
Piezos make a strong signal from mechanical vibrations, and are very
cheap, so they've enjoyed the most popularity as sensors, but they are
not the only choice by far. Piezos function as microphones, an
electrical transducer that changes mechanical vibrations into small
electrical "vibrations" which are used as the trigger signal. What you
want is to couple the mechanical vibrations from a stick hitting
something, though a solid material that the microphone is attached to.
You can use pipes, plates or mesh drum heads as the striking surface -
but it all boils down to the same general mechanism.

To get high sensitivity, you have electronic and mechanical options.
Optimizing the energy transfer from the drum stick to the microphone
is the mechanical option. You have to trade off destroying the mic (by
hitting it directly) with coupling a portion of the energy into it.
Since sound travels better through a solid than air, most drum
applications find a means to couple a strike surface to the piezo
"pickup" using some kind of solid material. This also makes the
trigger signal of a short duration, as opposed to setting a mechanical
element to vibrating (i.e., a drum head or cymbal), then sensing those
vibrations. Strong, short trigger signals are easier to sense than
long, drawn out ones. What the drum synth wants is something to
quickly tell it how hard the pad was struck.

The solid coupling material could be a foam cone from a mesh head, or
a direct plate (e.g., plywood or plastic), as was done with the 80s
electronic drum pads. A pipe over foam, such as PVC pipe over a round
foam insulator on a dowel tree can be used to make small hitting
surfaces, as can a sheet of wood or plastic connected by foam to some
sort of stand. Each of these strike surfaces need a mic glued to it
with clear silicone sealer. Silicone sealer (e.g., RTV or caulk)
serves well with piezos due to their fragile construction, and lets
you peal it off and glue it down again, as opposed to epoxy. Most
piezos are so fragile that they will break over time, so replacing
them relatively easily (like at a gig) should be a consideration. In a
pinch, taping them to the surface works.

Besides piezos, you can buy inexpensive electret condenser elements
for the same ballpark price as piezo elements (check Mouser and/or
Digikey. The RS 270-090 is $1.99). These are wired a little
differently, but are tiny microphones that work well for transducing
from the air, as well as from a solid. Also, crystal earphones and
harmonica pickups have been used successfully as Edrum triggers when
attached to a solid plate. The original Synare tympani used a simple
crystal earphone. The original Moog drum used a 6" speaker inside of a
small Ludwig bongo as a transducer. I have used crystal earphones and
harmonica pickups since they generally come prewired with a phone
plug, and are easy to just plug in and go. Most trigger to MIDI
converters or drum modules can adapt to these signals with little or
no tweaking.

The electret condenser elements also work although they require a
power suppy to work. These are nice since they can be used as audio
mics and/or triggers for acoustic drums and cymbals, although they
suffer from the typical triggering annoyances due to the long trigger
envelope, false retriggering, succeptibility to room noise, mechanical
vibration, etc. One needs to do a good job of mechanicalling isolating
the mounting if these are used to trigger from acoustic sources.
Simply expoxying them to a mechanically isolated trigger plate, as an
alternative to piezos, also works fine. I came across a website the
other day that had info on how to build your own mics using cheap
electret elements and had MP3 audio of an acoustic guitar recorded
with the cheap mic and a Shure SM58. The cheap mic sounded better for
about $5 in parts! This got me to thinking about arming my acoustic
set with mics that could be mixed for audio or used to trigger my drum
synths.

In addition to playing with the mechanical coupling your own sensors,
another trick to use to get high sensitivity is buffering the outputs
of whatever sensor you use with an op-amp. This is nothing more than a
cheap pre-amp. This takes a little bit of wiring and bread board
construction but can easily be done in a few hours. Op-amps can be
bought for as little as 40 cents each for a quad device (i.e. 4 op
amps), such as an LM324. You'll need at least two resistors per
device, and a power supply (a 12V DC wall wart will work). You should
be able to budget roughly $1 to $2 per sensor to add all the
sensitivity you could ever want.

However, before resorting to making a preamp, I'd try directly wiring
a trigger into your drum module and playing with one to see if there
is enough sensitivity to satisfy you. Try several different trigger
types before resorting to buffering. Different piezos and electret
mics have different output levels. Stronger output levels mean more
sensitivity.

However, if this fails, here is how to build a simple drum trigger
preamp: I'll assume you can find some introductory info on op-amps
online (try the application notes for op amps at the National
Semiconductor website at www.national.com). A simple preamp for
triggers can be made by wiring the sensor into an opamp in the
inverting gain configuation. I'd try a small gain of 5 to 10 for
starters. This is achieved by making the feedback resistor 5 to 10
times the value of the input resistor. A good combo for piezos would
be 10K on the input resitor and 50K on the feedback. You could also
wire a potentiometer (e.g., a volume control) as a rheostat, that is,
just connect two of the terminals: the wiper and one end of the pot,
so as to give you a variable resistor and variable gain. Try using a
100K linear taper pot for the feedback resistor if you use a 10K input
resistor. If you need still more gain, make the feedback resistor
larger, since Gain equals the ratio of the feedback resistor to the
input resistor (times -1). Mathmatically, this is -Rin divided by
Rfeedback. The inversion is unimportant, unless your drum trigger
module is polariy sensitive, as I understand some Roland units are.
Try wiring your piezos the opposite way (e.g. reverse the hot and
ground leads) if you have problems with a Roland sound module.

The opamp will either need a split supply (+/- 12V), or a larger
single ended supply (say 18V DC) with the "ground" line from the
sensors connected to a half-supply voltage node. This node is made
from two equal value resistors (try 22K and 22K) as a ladder connected
across the power supply. You should bypass each resistor with 0.1uF
ceramic capacitor to the + supply and ground, respectively. The
outputs will also need capacitors inline to get rid of the DC bias.
Since this posting is probably not the place to describe how to
construct this, if any of you want to try to build this, contact me
for some better details. There are several variables that can be
played with to suit your budget, parts, etc.

Back in the days of Simmons, I needed a small, portable set of
triggers rather than dragging my full set of pads and stands around. I
made a small set of 4 triggers for my toms on a 1 x 10 pine board
about 3 feet long, which mounted to a small Casio keyboard stand. I
cut wedges of open cell foam from a 2" thick, 12" diameter circle
(used as a throw pillow filler) into eighths. These provided the
mechanical isolation. I used Liquid Nails to glue 9" squares of 3/16"
plexiglass (e.g., acrylic) to two foam wedges per plate onto the
board. This made an angled plate that was mechanically damped from the
board. Masonite or plywood would have worked for the plates as well.
The size or shape is really not important - just big enough to hit. I
glued the piezo's directly to the underside of the plexiglass squares
in the center. These worked like a champ using Radio Shack 273-073
piezo buzzer elements ($1.49 ea), even without removing the piezo
element from its case.

To consolidate the cabling from the 4 triggers to the drum module, I
used a 5 conductor shielded cable to connect the 4 sensor hot lines
along with a common ground on the shield of the cable (e.g., I wired
all of the other four lines of the piezos to the one shield line), and
ran this longer cable back to a project box, where it split out the
cable to four 1/4" phone plugs. Tips were wired to each hot conductor,
and all the grounds were commoned. I used 5 pin DIN cables for the
long cable, like MIDI cords, but be careful - true spec MIDI cables
only connect 3 of the 5 pins. I think the old PC keyboard extension
cables might work (can't recall if they are 5 pins or more). You can
also build your own.

You can use this trick to save having to run two wires for each sensor
over a long cable. Just use one wire per sensor, and common all the
grounds to the shield. I wanted to use standard guitar cables at the
drum module end, but I could have hard wired a pigtail from bunch of
cables coming out of my project box to save the expense of having the
intermediate 1/4" jack and extra plug. This arrangement of having a
single cable from the triggers to the sound module makes the setup on
stage go faster, and is less subject to problems - either due to
tripping over a mess of cables or miswiring.

I should also mention that there are other ways to detect hits, like
pressure sensors. The Force Sensing Resistors used in the original
Roland Octapad and the Kat controllers are made from two plastic
sheets coated with conductive ink. A strike causes the resistance to
change between the normal and compressed ink layers, which is
electrically sensed as a trigger envelope. By the way, this is similar
to the technology used in laptops with touch pads for moving the
cursor. This technology is much more accurate and less problematic
than microphonic triggering. There are other technologies as well.

My feeling is that we are still a long ways from doing a really good
job of transducing percussive hits into musical sounds. To wit, we do
a terrible job with electronic cymbals. I don't care how many zone
sensitive pad areas you have to play all the multisamples you want,
give me an acoustic cymbal and I'll put any current day synth to shame
in a head to head comparison. Part of the problem is driven by the
MIDI mindset pervasive in making all synths compatible. The problem is
that we are trying to constrain expression of non-keyboard instruments
into the original MIDI keyboard metaphor. A new approach is needed to
address the information that needs to be sent from percussive
controllers. For instance, in addition to a simple velocity vector, we
also need a texture vector so a module makes a different sound if we
hit with a metal tipped drumstick, brush or padded tympani stick.
There are other qualities that could be sensed and communicated to the
drum module (i.e., location of the hit, etc.). With faster interface
bandwidth and faster processors, as well as new synthesis techniques,
this becomes possible. I predict much will be done over the next few
years to improve sensor technologies from all first generation
microphonic controllers. MIDI works pretty well for keyboard synths,
but still needs to go a long ways to model other instruments well. The
next generation MIDI standards may address some of these issues, and
hence, our drum controllers will implement more nuanses of our playing.
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