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Abstract
A compendium of foundational circuits for interfacing
resistive pressure and position sensors is presented with
example applications for music controllers and tangible
interfaces.
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1.

The recent surge in development of multitouch gesture
systems is mainly around capacitive [28] and optical [5]
sensing techniques. Although interesting and widely used
by the NIME community, most musical applications of
touch benefit greatly from concurrent acquisition of
pressure or force at the touch points [1]. For this
piezoresistive materials have proven most effective.

At least three generations of inventors have developed
sensing circuitry for resistive arrays and piezoresistive
materials with much duplication of effort along the way.
This paper describes the key (and largely forgotten)
methods and introduces new higher-performance circuits
developed for musical instrument controllers.

2.

Much recent electronics teaching in the NIME and
tangible, physical computing communities starts with a
voltage-centric view of resistive sensing with the potential
divider on center stage. Even the wikipedia erroneously
defines the potentiometer as an adjustable voltage divider
[29]. This voltage-centric view is reinforced by energy
efficient designs and also because ubiquitous, cheap a/d
converters measure voltages not currents. Most of the
circuits presented here exploit control of current flows in
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resistive networks so the reader is encouraged to review
both Kirchoff's voltage and current circuit laws and Ohms
law before proceeding.

3.

Figure 1 shows an alternative to the well-known potential
divider circuit often used with potentiometers. Instead of
using the wiper to pick off a fraction of a constant voltage
applied across the terminals, the wiper is grounded and
two independent voltages are acquired at the terminals.
This circuit offers no particular advantage over the
potential  divider  in  conventional = mechanical
potentiometers and sliders but has two advantages for
resistive strip devices like the Softpot [23] or SlideLong
[24]: providing some shielding and drawing no power
when the wiper is physically disengaged from the resistive
material, i.e. when there is no physical touch of the strip.

Grounded wiper
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Figure 1. Potential divider (left), and Grounded wiper (right)

31 Duo Touch

Softpots and related devices differ from conventional
potentiometers in that their “wipers” are continuous
conductors suspended over contact points along the full
length of the resistive material or for the SlideLong over
conductors that tap into the resistive material. There is no
standard schematic symbols for this so in Figure 2 we
introduce the indented bar symbol to represent potentially
multiple touch points. This schematic makes clearer the
main benefit of sensing at the terminals: two touch
positions can be sensed concurrently.

Figure 2 represents a flexible design pattern that can be
applied to many position sensing applications so we will
analyze it in more detail.
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Figure 2 Sensing 2 points with Membrane potentiometers

The first case is easy to understand: If no touch is
occuring there is no path for current to ground so both
measurement nodes must be at the high potential. When
the membrane contacts the resistive strip all we need
consider is the outermost pair of points of contact. There
can be no potential difference between these points as they
are both shorted together and connected to ground. The
resistive material between the outer touch points is shorted
out of the circuit. We can estimate the position of these
outer points by applying the standard potential divider
formula to the resistances to the left and right of the
contact points and their respective pull-up resistors.

The history of duo-touch goes back at least to early
music keyboard switch patents with shorted capacitor and
resistor networks [8] and shorted inductors [26]. Figure 3
shows how ARP used a constant current source for a
duophonic keyboard in the ARP 2500 and the 3620
keyboard for the ARP 2600 [22]. The ARP circuit
topology was also used on the TVS-1A by Oberheim in
1975 using a single transistor for the current source [11].
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Figure 3 1974 ARP dual keyboard circuit

A more modern implementation of the same idea is
available from PIAI [18] for a dual touch ribbon controller.
These analog-output solutions do provide a linear,
position-to-voltage output relationship obviating the
voltage divider computation of equation 1. They are
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however more expensive in parts and space than one using
the pull-up resistors in Figure 2 with a modern
microcontroller with integrated A/D converter(s). A useful
hybrid of the benefits of both implementations is to replace
the pull up resistors of Figure 2 by integrated constant
current sources such as those integrated on the TI REF200.

The Moog Modular Synthesizer duophonic keyboard
module 952 [10] puts the resistor ladder around the
feedback loop of an inverting opamp — another well-
known constant-current technique we will see later in
section 4.

The circuit of Figure 2 appears in a 1994 digital
reimplementation [19, 21] of the Trautonium [25].
Trautonium sensors differ from the membrane
potentiometers discussed earlier in that the resistive
material (a helical wire) is pressed against the conductive
wiper. In the “digital” trautonium analog voltages at both
ends of the wire were made available to the A/D
converters but only one was used in the music synthesis
mappings [20].

The duotouch technique was revived more recently by
the author for controllers in an interactive installation [3].
For a two-foot position sensor a resistor chain was wired
between the switches of a burglar alarm floor-sensing
array. A two-finger input pad was also presented
combining two Infusion Systems SlideWide devices
stacked orthogonally to each other yielding independent x
and y position estimates.

Figure 4: DuoTouch sensing pad
Independently, this technique was rediscovered for 4-
wire resistive touch screens [9].

3.2

In the duotouch tablet of Figure 4 an independent layer of
piezoresistive fabric sandwiched between two conductors
provides a single composite pressure value. This layered
approach proved too unwieldy for the sensing strips in a
new stringless cello controller (Figure 5) [4].

Instead a novel circuit was developed to allow for dual
position sensing and aggregate pressure using a modified
Interlink FSR strip [7].

DuoTouch and Pressure
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Figure 5: Stringless Cello Position and Pressure Strips

These strips were originally intended for pressure-only
sensing. The basic FSR is a two lead device corresponding
to each side of an interdigitated array of silver conductors
printed on a plastic strip. In the novel duotouch strip extra
sensing nodes are added by connecting wires to conductive
adhesive fabric strips taped at each end of the
piezoresistive material. These are the nodes that are
connected to pull-up resistors and to the data-acquisition
channels for position estimation (from the “nut” and
“bridge in the stringless cello) as shown in Figure 6.
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Figure 6. Dual Position and Pressure Circuit

When position data is Dbeing acquired the
microcontroller maintains both silver pressure conductors
at ground potential resulting in a circuit equivalent to
Figure 2. When pressure is to be acquired, current is sent
down one of the silver conductors (via pull up-resistor Rp)
and the voltage at that node is measured. The endpoint
pull-up resistors are switched out of the circuit during this
measurement. The key to efficiently doing this on the large
scale of the stringless cello (12 strips) is the flexible and
dynamic assignment of roles to pins now possible on
modern microcontrollers. This allows for other dynamic
current steering techniques such as Charlieplexing [13],
and bidirectional LEDS [15]. These techniques have been
generalized in uOSC and are easily accessible by carefully
constructing OSC messages sent to the microcontroller
[16].
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Note that these current mode sensing techniques are
energy efficient because the pull-up voltage source may be
enabled briefly in each data-acquisition cycle — for just
long enough for stray capacitances to settle and for the few
microseconds needed for the ADC's sample and hold phase
to complete.

4. Polytouch

David Wessel's polytouch “slab” [27] consists of a 4x8
array of piezoresistive touch pads from Interlink (Figure 7)
with two axes of position sensing (X/Y) and pressure (Z).

Figure 7. Slab

A novel custom circuit (Figure 8) was developed to
meet the challenging requirements of the performer: high-
speed data acquisition rate (<ImS) and concurrent
acquisition of the measurands for all 32 pads.

Figure 8 Concurrent Sensing for the Slab



Only 4 conductors are accessible from these resistive
trackpads. This makes it challenging to isolate the
pressure-sensing axis. Sandbach patented the same
constant-current source/difference amplifier approach [14]
we saw in the ARP dual keyboard approach for their fabric
implementation of the same kind of touchpad. Interlink
themselves uses a microcontroller to measure charge rates
of capacitors driven via the resistive array[6] as shown in
Figure 9.
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Figure 9 Interlink Versapad Scanning

The solution developed by the author is to provide a
small constant current through the touch pad array
inverting op-amplifier shown in Figure 8. This is similar to
the approach Moog employed on his 926 duo keyboard.
The inverting input is a virtual ground at the same
potential as the non-inverting input. The current through
the pad resistors is established by two constants in the
circuit, the summing node input resistor R and the source
voltage reference applied to one leg of this resistor. The
three measurands (XYZ) are computed by subtraction of
the three op-amp outputs. The op-amps should be selected
to have low input offset voltage. External noise sources are
controlled by limiting the op-amp bandwidth with a low
value capacitor from its output to the summing node (C).
This circuit has a lower parts count than Sandbach’s and
has the advantage over Interlink’s solution of forming the
outputs concurrently.

S.

The author’s “tablo” controller integrates sensing of
displacement and “aftertouch” pressure using resistive
sensing of conductive fabric drape position and
piezoresistive fabric sensing of pressure. A silver-plated
flexible fabric is held in a circular embroidery hoop. When
the hoop is attached to the base of the Tablo, the highly
conductive fabric is grounded by a ring of conductive
copper fabric at the top of the trapped inverted cereal bowl.
Strips of resistive carbon-loaded plastic form a ring of

Resistive Manytouch with Pressure
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potential dividers completed by pullup resistors under the
bowl. The drape of the fabric is estimated from the voltage
at these divider nodes as it varies according to how much
of the plastic strips is shorted to ground. If the performer
presses the flexible fabric to contact one of the two
piezoresistive, divided annular rings on the base it grounds
the leg of another potential divider for pressure sensing.

Although already described briefly at Nime in 2008 [2]
it is included here because current-steering techniques are
used in an unusual context: a single gesture results in the
grounding of multiple independent circuits with nodes at
different parts of the fabric. This provides for a higher
gesture sampling rate and accurate, concurrent support of
large and small distance gestures — both unobtainable in
current camera-based drape sensing systems [12].

T —

Figure 10 Tablo Drape and Pressure controller.

6.

The main challenge with resistive multitouch arrays is
achieving sufficient spatial resolution. Even modest
sensing areas require thousands of taxels for seamless

Resistive Multitouch with Pressure



position and pressure sensing. Multiplexing addresses this
problem requiring only n+m edge connections for an n by
m sensing array. The well-established approach to avoid
crosstalk along the orthogonal wiring array is to place a
series diode at every node.
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Figure 11 Diode isolated variable resistor array.

The array of Figure 11 is scanned by bringing each Y; to
a high potential in turn and measuring the currents at X; -
typically with an inverting op-amp and A/D converter. By
carefully considering the possible current sources for each
output node X it is evident that the diodes block current
flows between taxels.
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Figure 12 Grounding and virtual ground sensor isolation
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The number and nature of the diodes in Figure 11 may
be prohibitive in many applications. For example in
piezoresistive fabric array sensing [2] flexible diodes may
be difficult to create. Independence of sensed values in a
pure resistive array is done by grounding all the rows that
are not being addressed and using virtual grounds for the
input sensing. In this case it can be verified that the voltage
across all the resistors that are not being sensed is 0 so no
current flows are possible to interfere with the measurands.
Figure 12 shows how this is done with multiplexing of
both row and column signals. Acquisition speed and
sensing performance can be improved by omitting the row
multiplexer and providing an inverting-opamp and A/D
converter channel for each row [17].

7.

Although, certainly not the final word on resistive sensing
circuits, the combination of older designs from the 1970’s
and 1980’s and newer implementation strategies described
here provide a solid baseline for future tangible interface
developments. These circuits are not the most glamorous
part of development of new instruments for musical
expression but they have been the enabling innovation for
instruments now used regularly in live performance, e.g.,
[27] [4].

8.
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interfaces in the 1980°’s.

Conclusion

Acknowledgements

References

[1] Buxton, W., Hill, R. and Rowley, P. Issues and
techniques in touch-sensitive tablet input.
SIGGRAPH Comput. Graph., 19 (3). 215-224.

[2] Freed, A. Application of new Fiber and Malleable
Materials for Agile Development of Augmented
Instruments and Controllers NIME 2008, 2008.

[3] Freed, A. Multipoint touch with pressure. 2007.
http://cnmat.berkeley.edu/user/adrian_freed/blog/
2007/03/12/dual_touch pad multipoint_touch pr
essure.

[4] Freed, A. and Uitti, F.-M. Introducing a Stringless
Cello Controller for Two-bow Performance.
2008.
http://cnmat.berkeley.edu/event/2008/11/11/intro
ducing_stringless cello_controller_two_bow_per
formance.

[5] Han, J.Y. Low-cost multi-touch sensing through
frustrated total internal reflection Proceedings of
the 18th annual ACM symposium on User




interface software and technology, ACM, Seattle,
WA, USA, 2005.

[6] Interlink Force sensing semiconductive touchpad
1999. USPTO # 5943044.

[7] Interlink Interlink Force Sensing Resistor Kit with
FSR strips and pads. 2009.
http://cnmat.berkeley.edu/sensor_module/interlin
k force sensing resistor.

[8] Langer, N. Duophonic Electrical Musical Instrument
1944. USPO # 2365566.

[9] Loviscach, J. Two-finger input with a standard touch
screen Proceedings of the 20th annual ACM
symposium on User interface sofiware and
technology, ACM, Newport, Rhode Island, USA,
2007.

[10]Norlin-Music Technical Service Manual for the Moog
Modular System. Norlin Music, 1974.

[11]Oberheim, T. Duophonic Keyboard Schematic. 2009,
Personal Correspondence.

[12]Oliver, J. and Jenkins, M., The Silent Drum
Controller: a new Percussive Gestural Interface.
in NIME 2008, (Genova, Italy, 2008).

[13]Rebic, J.-C. Complementary LED Drive - Microchip
Application Note TB029, Microchip, 1998.

[14]Sandbach, D.L. Detector Constructed From Fabric
2001. USPTO # 6333736.

[15]Schmeder, A. Music Player Interface Concept with
Bidirectional LED sensing. 2008.
http://cnmat.berkeley.edu/user/andy_schmeder/bl
0g/2008/12/04/music_player_interface_concept b
idirectional led sensing.

[16]Schmeder, A. and Freed, A., A low-level embedded
service architecture for rapid DIY design of real-
time musical interfaces. in NIME, (2009).

[17]Shimojo, M., Namiki, A., Ishikawa, M., Makino, R.
and Mabuchi, K. A tactile sensor sheet using
pressure conductive rubber with electrical-wires
stitched method. Sensors Journal, IEEE, 4 (5).
589-596.

[18] Simonton, J. How to Build a 2 Note Ribbon Controller
2004. http://www.paia.com/ProdArticles/dual-
ribbon-howto.htm.

[19]Spix, J. Das digitale Trautonium. Studentarbeit Thesis
University of Oldenburg 1995.

[20]Spix, J. Digital Trautonium parameter mappings.
2009, Personal Correspondence.

[21]SPix, J. The Digital Trautonium [International
Computer Music Conference (ICMC 1994),
ICMA, Aarhus, Denmark, 1994.

[22]Stearns, R. Music Synthesizer Keyboard 1972.
USPTO # 3665089.

[23]Symbol, S. Softpot MembranePotentiometer. 2009.
http://cnmat.berkeley.edu/sensor_module/spectras

ymbol_softpot.

235

[24] Systems, 1. SlideLong membrane potentiometer. 2009.
http://cnmat.berkeley.edu/sensor_module/infusion
_slidelong.

[25] Trautwein, F. Electrical Musical Instrument 1938.
USPTO # 2141231.

[26] Wehrmann, W.J. Electronic Musical Instrument
Having One or More Keyboards 1964. #
3260784.

[27]Wessel, D., Avizienis, R., Freed, A. and Wright, M. A
Force Sensitive Multi-touch Array Supporting
Multiple 2-D Musical Control Structures New
Interfaces for Musical Expression, New York,
2007.

[28] Westerman, W. Hand Tracking, Finger Identification,
and Chordic Manipulation on a Multi-touch
Surface. Ph. D. Thesis Ph. D.University of
Delaware 1999.

[29] wikipedia.org Potentiometer.
http://en.wikipedia.org/wiki/Potentiometer.

2009.




	Welcome Page
	Hub Page
	Session List
	Table of Contents Entry of this Manuscript
	Brief Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Detailed Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	------------------------------
	Next Manuscript
	Preceding Manuscript
	------------------------------
	Previous View
	------------------------------
	Search
	------------------------------
	Also by Adrian Freed
	------------------------------

