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Compact transducer arrays that mea-
sure spatial distributions of force or
pressure have been demonstrated as
prototypes of tactile sensors to be
mounted on fingers and palms of dex-
terous robot hands. The pressure- or
force-distribution feedback provided by
these sensors is essential for the further
development and implementation of
robot-control capabilities for humanlike
grasping and manipulation.

Each sensor (see figure) includes a
hard mandrel designed to fit over a fin-
ger segment or a palm. A flexible circuit
that includes an array of electrodes is at-
tached to the mandrel and is overlaid
with a force-sensitive rubber denoted
quantum-tunneling composite (QTC).
A protective layer of non-sensory rubber
is placed over the QTC.

Each electrode defines a tactile sensor
point denoted a tactel in analogy to a

pixel (picture element) in an image-de-
tecting array of photodetectors. In addi-
tion to the electrodes, the sensor in-
cludes a ground conductor common to
all the elements of the array. The local
electrical resistivity of the QTC changes
in response to local pressure. By use of
simple electronic circuits (e.g., resistive
voltage dividers), the local changes of re-
sistance in the tactels are converted to
voltages. The voltages can be read by use
of external analog-to-digital converter
circuitry, then processed into forces or
pressures on the tactels. Hence, the
processed sensor output indicates the
spatial distribution of force or pressure
at the spatial resolution of the tactels.
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central position and, hence, to the 
displacement of the levitated object
from the nominal levitation position.
The main shortcomings of such an ap-
paratus are associated with the laser:
Lasers tend to be expensive, and laser
beams are often characterized by poor
spatial distribution (speckle) and by
poor short-term spatial and temporal
stability.

The basic principle of operation of
the improved optoelectronic position-
measuring apparatus is the same as that
of the prior apparatus described above,

except that the laser is replaced with an
incandescent light bulb and associated
optics (see figure). Unlike the light
from a laser, the light from an incan-
descent lamp is not subject to mode
shifts and, hence, is spatially and tem-
porally stable in the short term. The
spatial distribution of light is better for
the intended application because there
is no speckle and the illumination is
approximately constant across the levi-
tation region. Unlike the light from a
laser, the light from an incandescent
lamp varies smoothly with applied

power and is thus more easily control-
lable. Finally, a light bulb is easily re-
placeable and costs much less than
does a laser.
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Compact Tactile Sensors for Robot Fingers
Simple, rugged, compact sensors measure spatial distributions of contact forces.
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A Sensor for a Finger includes a hard mandrel that fits over the finger and that supports a flexible cir-
cuit overlaid by a QTC overlaid by protective rubber.

Improved Ion-Channel Biosensors
Improvements include greater stability and greater signal-to-noise ratios.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An effort is underway to develop im-
proved biosensors of a type based on ion
channels in biomimetic membranes.
These sensors are microfabricated from
silicon and other materials compatible

with silicon. As described below, these
sensors offer a number of advantages
over prior sensors of this type.

To place these advantages in context,
it is first necessary to present some back-

ground information on prior sensors of
this type:
• Ion channels of the type in question

are very sensitive to a wide variety of
ligands, to which they respond by gen-


