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Technology Focus: Sensors

Insect-Inspired Optical-Flow Navigation Sensors
Optical mouse chips are used to measure optical flow.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Integrated circuits that exploit optical
flow to sense motions of computer mice
on or near surfaces (“optical mouse
chips”) are used as navigation sensors in
a class of small flying robots now under-
going development for potential use in
such applications as exploration, search,
and surveillance. The basic principles of
these robots were described briefly in
“Insect-Inspired Flight Control for Small
Flying Robots” (NPO-30545), NASA Tech
Briefs, Vol. 29, No. 1 (January
2005), page 61. To recapitulate
from the cited prior article: The
concept of optical flow can be de-
fined, loosely, as the use of tex-
ture in images as a source of mo-
tion cues. The flight-control and
navigation systems of these robots
are inspired largely by the designs
and functions of the vision sys-
tems and brains of insects, which
have been demonstrated to uti-
lize optical flow (as detected by
their eyes and brains) resulting
from their own motions in the en-
vironment.

Optical flow has been shown to
be very effective as a means of
avoiding obstacles and control-
ling speeds and altitudes in ro-
botic navigation. Prior systems
used in experiments on navigat-
ing by means of optical flow have
involved the use of panoramic op-
tics, high-resolution image sen-
sors, and programmable image-
data-processing computers. These
systems are large, complex, and compu-
tationally expensive, and not readily scal-
able for inclusion in miniature robots,
for which there are severe design re-
quirements to limit power demand,
mass, and size.

The present development exploits the
recent proliferation and commercial
availability of optical mouse chips. Each
optical mouse chip includes a low-resolu-
tion (16 × 16) array of photosensors, and
circuitry that compares consecutive
image frames to compute the optical flow
across the array in two dimensions, in a
manner analogous to that of an element
in an insect’s compound eye. In a com-

puter mouse, the optical flow is used to
track the movement of the mouse on a
mouse pad or equivalent surface; in a fly-
ing robot of the type now under develop-
ment, the optical flow serves as a measure
of two-dimensional velocity relative to
nearby surfaces and objects. The use of
optical mouse chips instead of the imag-
ing-and-computing systems described
above offers advantages of compactness,
low mass (15 to 20 g per chip), low power

demand (42 mW per chip), low cost
(about $10 per chip in year 2004), redun-
dancy, high speed (frame rates up to 2.3
kHz), and parallel processing.

In a hierarchical control architecture
proposed for subsequent development of
a flying robot, the outputs of several opti-
cal-mouse-type navigation sensors would
be fed to a microcontroller (see figure)
that would utilize the combined optical-
flow information to determine  the mo-
tion of the robot relative to the environ-
ment. This microcontroller would, in
turn, communicate with a master micro-
controller, which would combine infor-
mation from various sensing subsystems,
determine the priority to be assigned to

the information from each subsystem,
and relay control information to affect lo-
comotion. This hierarchical architecture
is analogous to the neural structures of
flies.

This work was done by Sarita Thakoor
and John M. Morookian of Caltech; Javan
Chahl and Dean Soccol of Australian Na-
tional University; and Butler Hine and
Steven Zornetzer of NASA Ames Research
Center for NASA’s Jet Propulsion Labora-

tory. Further information is contained in a
TSP (see page 1).
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Outputs of Optical Mouse Chips would be fed to an optical-flow microcontroller for use in controlling a small
flying robot. The number of mouse chips needed would increase with the required complexity of the behav-
ior of the robot.
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