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Optran® AN INFRARED LED TRANSCEIVER FOR DATA
COMMUNICATIONS

ANDREW W. MEYER and STEPHEN W. HARTING
National Aeronautics and Space Administration

Ames Research Center
Mt. View, CA.

Summary   The following discussion reviews operating experience with a non-coherent
infrared (IR) optical data link at several installations in the United States. Optran is a
commercial digital data link, manufactured by Computer Transmission Corporation, for
computer-to-computer or computer-to-terminal data transfer applications. It uses a non-
lasing gallium arsenide diode as the transmitter and a silicon diode as the receiver. Simple
optics collimate the transmitter output and focus the captured receive energy on the
receiver diode. A digital interface unit at each terminal end presents a standard interface to
business equipment and encodes/decodes data from the optical head.

Introduction   The credibility of IR as a viable communication media has received
considerable attention in the technical press. Computer Transmission Corporation has
accumulated more than 245,000 hours of operating experience with Optran as a practical
IR Data Communication System. Optran data links are installed in a wide variety of
operating environments from the California desert to the Chicago-Great Lakes area. These
links are providing major computer installations with alternate solutions to conventional
cable systems for short range computer-to-terminal operations. In most cases, the service
is improved in terms of error rate and reliability. The operating experience has provided a
basis for judgment of parameters for a successful IR short range optical data link.

At the onset of the development of the Optran, a list of items to be addressed were
identified. These included atmospheric conditions, such as fog and scintillation; solar
effects, such as direct viewing of sunlight; and installation consideration affecting beam
width, rigidity of mounting structure, and alignment techniques. As is many times true,
each of these when examined in detail, might be considered to be overwhelming; however,
the real world has demonstrated that this is not the case.

The majority of Optran links now in operation are in the range of 1500 feet to 3500 feet
with several operating up to a distance of one mile. Signal margin of 20 decibels has been
measured at approximately 4400 feet. Signal level at a link located in mid-New Jersey has
been recorded continuously for more than 13,000 hours of operation through summer and



winter months. During this period, the link was down due to fog (there were no other
known causes of down times) 68 hours, equivalent to 30 hours per year of down time.
(This is one of the worst areas for low ground fogs in the U.S.A., as substantiated by
Weather Bureau data.) The outages ranged in duration from 15 minutes to 8 hours. The
total 68 hours is comprised of 31 events, of which 3 events of duration over 6 hours
comprised 30% of the total time, and 13 events of duration over 2 hours comprised 87% of
the total hours. All down times were between 10 p.m. and 8 a.m., while most were
between the hours of midnight and 6 a.m. No outages were recorded that could be
attributed to snow or rainstorms, although periods of reduced but acceptable signal levels
were observed on the recordings. This information has correlated with other installations,
where no degradation of link operation is noted due to heavy rain showers or snow, as
long as the two link ends are in visual contact.

have been incorporated to keep the lens clear of ice that will form during conditions of
freezing rain and sleet. The Chicago unit (1500-foot range) has been observed to operate
in snowstorms that have visually obscured the far end terminal. In the Los Angeles area,
smog never reduces to the point where it could become troublesome as compared to heavy
ground fog.

Scintillation effects have been noted on links installed in the desert and where the beam
passes over a large expanse of hot roofs. Scintillation fades tend to be very rapid with
frequency components up to several hundred hertz. These effects occur during “normal”
operating hours, and have been experienced on a unit at China Lake, California, on the
north edge of the Mohave Desert, operating over a distance of 1.25 miles. Desert
temperatures that reach 105 degrees to 110 degrees in the shade have caused outages due
to scintillation. Scintillation with a shorter path length, even in these extreme conditions,
would not be a problem.

Although the principal limitation of IR and optical communication links is the
susceptibility of energy at these wavelengths to very dense water vapor (i.e., very heavy
fog), our operating experience has alerted us to carefully consider each installation with
respect to other factors such as solar energy. The spectral energy of the sun is significant at
the wavelength of the Optran gallium arsenide emitter. The site design of southerly-
looking units in the northern hemisphere must be evaluated for direct sunlight during the
morning and evening hours. Direct sunlight tends to be associated with a particular time of
the day, and can be predicted by consulting solar mean tables giving sun angle versus time
of day for the latitude of interest. Typically, a building or hill can be used as backdrops for
low angles to the horizon, otherwise service is interrupted for 15 minutes at sunrise or
sunset for a portion of the year.



Another significant area of experience gained with the Optran is the importance of ease of
installation. The requirements for the installation and mounting of the optical units must
not place constraints upon the building to which it is to be mounted, or the capabilities of
the customer to provide mounting structures that are out of the realm of normal everyday
practices. The Optran optical unit mounts upon a standard two-inch water pipe that is
firmly attached to a substantial portion of the building. Alignment of the near optical units
to the far unit is made by six-power telescopes mounted on the optical assembly, and
collimated to the optical receiver and transmitter at the time of manufacture. Building types
upon which we have installed the Optran have been mostly multi-story, steel reinforced
structures. The mounting pipe has been attached to the building via a triangular structure to
the roof or attached to the parapet. Our experience indicates that the transmitter and
receiver beam width of approximately three milliradians is completely practical for
conventionally constructed buildings. We have also concluded that beam widths less than
one milliradian are to be approached with caution for the typical types of building and
mounting structures that are provided by users. Properly installed systems have not
required realignment as attested by several equipment installations that have been
operating for almost three years.

Our operating experience has led us to conclude that the Optran IR link can provide
superior service when the installation is sensibly evaluated as to path length, locality, and
required operating conditions.

The Optran IR data link uses gallium arsenide light emitting diodes (LED) as the light
source, and a silicon pin diode as the detector. The transmitting and receiving optical
systems are mounted in three-inch diameter tubes which are connected in binocular
fashion. A single 75 mm diameter, 200 mm focal length, plano-convex lens in each tube
collimates the LED output and focuses the captured receive light energy upon the active
surface of the receive photo diode. The system beam width is very close to three
milliradians. While chromatic aberration is not a problem for the transmitter collimating
lens, the wide spectral response of the receive photo diode, in conjunction with the
enlarging effect of chromatic aberration on the blur-circle, requires the use of a spectral
filter to achieve immunity from background illumination.

An interesting problem related to spectral filtering is the use of street lights and billboard
signs in the urban environment. These sources are amplitude modulated at 120 Hz,
creating formidable problems in the design of the receiving electronics. Many street lamps
are sodium or mercury vapor. Both types are effectively controlled by spectral filtering.
The less efficient incandescent lamps with their tungsten filaments still emit a large amount
of near IR spectral energy; amplitude modulated by a small percent at a 120 Hz rate. City 



government, in an effort to increase the efficiency of their street lighting program with the
use of sodium and mercury vapor lamps, is inadvertently aiding in preventing near IR
spectrum pollution.

Included with Optran optics, source, and detector in the “optical head” package is
sufficient electronics to drive the source at the proper current level, as well as preamplify
the receive signal before transporting the data via a cable (up to 500 feet long) to an
interface unit. The interface unit is normally located near the user terminal or computer,
providing power and data to the optical head, and computer interfacing electronics. User
self test features require accessibility of the unit by operating personnel.

Data presented to the interface unit by the data terminal equipment is formatted to a
synchronous modified pulse code modulation signal sent to the optical head for on/off
modulation of the LED source. Light received by the far optical head is converted to an
electrical signal, preamplified, and sent to the interface unit. Special attention has been
focused on the design of the interface unit to provide clock recovery at low signal-to-noise
ratio and low error rates. Careful design of phase lock loop clock recovery, and
synchronous detection logic, has resulted in near theoretical error performance at low
signal-to-noise ratios. Once detected, the data is decoded and presented to the computing
equipment in standard synchronous format. Several interfaces are available; i.e., EIA
Standard RS 232-C, Bell 303-type Data Set, and CCITT V.35. A data path exists from the
computer equipment to the user terminal simultaneously with the data path described
above, such that simultaneous, independent two-way communication is possible.

The experience gain with the Optran in the real world computer system installation attests
to the viability of IR optical communication systems as a practical application of IR
techniques.


