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Laser Communications Inc.
Case Institute of Technology

Summary   A He-Ne laser communication system with video bandwidth capability is
described. The system is suitable for the transmission of video signals generally
compatible with U.S. commercial practice, and the transmission of digital data at rates of
approximately 10 to 1000 Kb/s, over ranges extending from a few hundred feet to about 10
miles. Relative to cable systems and microwave links, this laser system has the advantages
of immunity from electromagnetic noise and from microwave interference, ease of
installation, comparative freedom from regulation, mobile operation and lower costs.
Possible occasional outages due to inclement weather constitute the principal drawback.
This system is different from two other available types of optical links. The light emitting
diode (LED) links are limited to short ranges and the laser injection diode (LID) links have
low duty cycles and are not designed for video capability. The performance characteristics
and operating data of a specific system, the LCI-203 system of LASER
COMMUNICATIONS, INC. , are described in detail. Operating ranges and
corresponding reliability figures are estimated for various geographical locations.
Operating experiences in health care delivery and security surveillance applications are
described.

Introduction   The laser communication system discussed in this paper was initially
developed at Case Institute of Technology, was further engineered and made commercially
available by Laser Communications, Inc. and has been used successfully in several
applications for over a year now. The system is an externally modulated He-Ne laser
system and its function is the transmission of video signals in a manner generally
compatible with U.S. commercial practice. It may also be used to transmit digital data at
rates of approximately 10 to 1000 Kb/s. In both cases the operating range may vary from a
few hundred feet to several miles.

Before entering into a detailed discussion of the system itself, it is useful to gain some
perspective by considering the competitive stance of this system relative to other well
established means for performing the same task and also relative to other types of optical
communications links.



Optical communication links face competition from microwave and cable communication
links for the ranges and signal types noted above.

Factors in favor of optical communication links in general are:

Ease of Installation - cable installations are at a severe disadvantage if new lines have to be
installed. Sometimes the terrain offers severe obstacles such as canyons, bodies of water,
roadways, dense urban environments, etc. These factors rule in favor of microwave or
optical communication links. Time considerations also work in favor of the latter two types
of links in that they can be made operational in a matter of a few hours.

Freedom from FCC Regulation - An FCC license is required for any microwave
installation and a variety of FCC and local ordinances usually regulate the installation of a
new cable system. As matters now stand, optical links do not need government license.
However it is clear that optical communication links will be subject to safety regulation
which will probably take the form of a type certification rather than licensing of specific
installation sites. In so far as power levels are concerned it is unlikely that average powers
of more than a few milliwatts (less than 5mw) will ever be tolerated.

Considerably Greater Security - Microwave systems offer almost no security short of
cryptographic encoding. Cable installations may be tapped in a variety of ways. Optical
communication links are relatively more secure in that they require more sophistication for
clandestine interception and clumsy attempt can be more easily detected.

Immunity From Electromagnetic Disturbances - In heavy industrial environments,
switching of heavy machinery and poorly regulated power supplies lead to severe
degradation in both cable and microwave systems. If the transmitters and receivers
themselves can be adequately shielded, optical communication links are immune to this
sort of interference and can provide substantial advantage in reliability and performance.
Furthermore, in industrial environments, the use of microwave communication links inside
buildings can be hazardous because of multiple path interference. Fixed cable installations
are usually very convenient inside a building but mobile links invite insurmoutable cable-
handling problems in restricted areas. Optical links can be used to overcome both of these
problems.

Influence of Weather - The principle disadvantage the optical system has is the occasional
outage due to inclement weather. In contrast, properly implemented cable systems are
immune to environmental effects short of hurricanes and earthquakes. Over the shorter
ranges of interest here, microwave systems are not seriously degraded by atmospheric
effects. Except in the most extraordinary outdoor climates, optical communication links
cannot be viewed on a hundred per cent reliable because of the combined atmospheric



effects of turbulence, absorption and scattering. Many applications do not require one
hundred per cent reliability, butthere are indications that the natural tendency of the user is
to avoid the compromise of unscheduled communication outages unless the optical link
provides other significant advantages. There are, of course, some applications in which the
atmospheric effects on the optical link are not a problem. Most significant of these are
probably those where the path is totally enclosed and those where the data is from an
optical sensor which itself would be shut down by fog or other atmospheric conditions.

In considering competition, the externally modulated He-Ne link also seemingly faces
competition from modulated light-emitting diodes (LED’s) and modulated laser injection
diodes (LID’s). Other approaches using CO2 lasers, internal laser modulation and
heterodyning are not likely to be commercially available within the next few years. In
considering competition from LED and LID systems, it may be noted that the type of
system implemented by Laser Communications Inc. can have an output effective
brightness on the order of 104 watts /cm2 sterad. The average brightness of an optionally
utilized LID is of the same order and the peak brightness can be about 107 watts /cm2

sterad. However because of thermal effects, the duty cycle is low and LID systems are not
suitable for transmitting video signals at the present time. In contrast to these, typical LED
have an average brightness of around 1-10 watts/cm2 sterad. The LED is at a severe
disadvantage in range. The 30-40 db difference in brightness reduces the range by as much
as 5 - 10 kilometers.

Description of System   The LCI laser communication system may be described as an
IM/FM system and the principal components of such a system are shown schematically in
Figure 1. The laser generates the optical frequency carrier which is externally modulated
by the intensity modulator. In the absence of an information signal the FM encoder causes
the intensity modulator to vary the intensity of the laser output at a radio frequency thus
forming a subcarrier. Information signal causes the frequency of the subcarrier to change.
The carrier is intensity modulated but the subcarrier is frequency modulated giving rise to
the IM/FM designation. The laser beam is expanded and recollimated by passing it through
the transmitter optics after which it is propagated through the atmosphere.

The turbulent and attenuating atmosphere distorts the amplitude of the transmitted light but
the phase or frequency of the subcarrier are negligibly affected by transmission through the
atmosphere.

At the receiver site, portion of the transmitted light is collector by the receiver optics and
focussed onto an optical detector giving rise to a received photoelectric current which is
then sent through the FM decoder and a received signal hopefully identical to the
transmitted signal is finally obtained.



Operating Characteristics   In the case of a specific system such as the LCI-203 system,
a low powered He-Ne laser operating at the 6328A transition is modulated electro-
optically and the received signal is detected with a photomultiplier tube. The overall
dimensions, weight, power requirements, impedances and connector types for all the four
principal components (transmitter low-level electronics, transmitter head, receiver head
and receiver low-level electronics) are listed in Table 1.

The signal to noise ratio for the received video signal is plotted as a function of optical
fade or attenuation in Figure 2. This is carried out with the system transmitting both video
and audio signals with 4.2 MHz and 15 KHz bandwidths respectively. It is seen that at
zero fade the EIA requirement of a S/N ratio of 53 c1b is met. Similar audio signal
characteristics are shown in Figure 3.

Aside from some minor remaining discrepancies, the LCI-203 system satisfies most of the
EIA standards for relay links for standard broadcast color television. Actually all
requirements are easily met by the low level electronics and it is expected that the
remaining system difficulties will be cleared up soon.

A more detailed idea of the capabilities of the system can be obtained by referring to the
raw data exhibited in Figures 4 - 12.

For the low level electronics:

Figure 4 shows the variation in gain at 3.58 MHz as the signal level is varied from
blanking level to full strength. In the figure, 10% corresponds to 1 db and it is seen that the
differential gain is about 0.2 db.

Figure 5 shows the variation in phase at 3.58 MHz as the signal level is varied from
blanking level to full strength. The value is found to be ±0.5 .

Figure 6 shows the response of the system to the five stair step linearity test signal at 3.58
MHz.

Figure 7 shows the frequency response or multiburst test as the test signal is varied from
300 KHz to 4.2 MHz.

Figure 8 shows the impulse response test (the Sin2 pulse test). The response is within the
prescribed width.



Table 1

A summary of some key features of the measured performance is provided in Table 2.



Table 2 Measured Performance (LCI-203)

Similarly Figure 9 shows that the response of the low level electronics system to a step
function input (bar transient) is in accordance with the requirements of the EIA standards
for broadcast television.

Figure 10 shows the response of the complete system to the Sin2 pulse and it is seen that
the response is satisfactory.

Figure 11 on the other hand reveals that the response of the total system to a step function
contains a bit of “ringing”. Other symptoms of the slight amount of distortion due to the
entire system are manifested in similar ways in the other tests such as differential gain and
differential phase.



Operating Range   Operating experience with the LCI-203 link shows that the IM/FM
method of modulation indeed renders the system essentially immune to the turbulence
effects of the atmosphere For video bandwidths and for the collimated beams employed in
the LCI-203 link, considerable accumulated experience indicate that ordinary visibility as
determined by the human eye correlate well with the performance of the LCI-203 link.
More specifically, in bad weather, only after the transmitter site becomes essentially
obscured by bad weather, does the video signal deteriorate significantly. This fortuitous
correlation which has no fundamental significance because an improvement in the link
performance would destroy it, nevertheless allows valuable use of visibility data obtained
from the National Climatic Center, Department of Commerce. Predicted performance for
the LCI-203 link is shown in Figure 12. The ordinate shows the operating range and the
abscissa, the percentage of time during an average year when the visibility is greater than
the value indicated by the ordinate. Equivalently the abscissa indicates the percentage of
time when the maximum operating range is at least the value indicated by the ordinate.
This correlation is for a quality of operation very close to that prescribed by EIA standards
for relay of broadcast television signals. In other transmittal of data at relatively low data
rates, the bandwidth may be narrowed to provide for much larger S/N ratios or
equivalently longer operating ranges for a fixed S/N ratio.

Use Experience   Use of LCI-203 links in hospital closed circuit television systems, i.e.,
between two or more hospitals, and also in police surveillance systems has confirmed
expectations that these laser communication systems will operate reliably to specifications.
In the oral presentation, slides will be shown illustrating the types of installation used, the
functions performed and the quality of the received signals.

Conclusions   At the present time the externally modulated He-Ne laser communication
system has unique capabilities which do not overlap those of other commercially available
optical communication links. In particular, the Laser Communication, Inc., LCI-203
system is capable of transmitting video, audio and data signals over ranges extending from
a few hundred feet to several miles. The IM/FM type of modulation used renders the
system essentially immune to the deleterious effects of atmospheric turbulence and the
average incidence of outages due to severe inclement weather can be predicted from
weather data. Use of these links has shown that there are no unpleasant surprises and those
links perform essentially as expected. Further improvements are likely to come quite
rapidly mostly in the form of improved electro-optic processing of signals, improved
mechanical stability and reduction of the effects of bad weather.



FIGURE 1 - BLOCK DIAGRAM OF IM/FM SYSTEM

FIGURE 2 - S/NRATIO FOR VIDEO SIGNAL AS A FUNCTION
OF OPTICAL FADE (LCI-203 System)

FIGURE 3 - S/N RATIO FOR AUDIO SIGNAL AS A FUNCTION
OF OPTICAL FADE (LCI-203 System)



FIGURE 4 - DIFFERENTIAL GAIN AT 3.58 MHz
(LCI-203 System Low Level Electronics)

FIGURE 5 - DIFFERENTIAL PHASE AT 3.58 MHz
(LCI-203 System Low Level Electronics)

FIGURE 6 - STAIR-STEP TRANSMISSION THROUGH 
CI-203 SYSTEM LOW LEVEL ELECTRONICS



FIGURE 7 - MULTIBURST RESPONSE (300 KHz) THROUGH
LCI-203 SYSTEM LOW LEVEL ELECTRONICS

FIGURE 8 - IMPULSE RESPONSE TEST (SIN2 PULSE)
(LCI-203 SYSTEM LOW IE VEL ELECTRONICS)

FIGURE 9 - STEP FUNCTION RESPONSE THROUGH
LCI-203 SYSTEM LOW LEVEL ELECTRONICS 



FIGURE 10 - IMPULSE RESPONSE TEST (SIN2 PULSE)
THROUGH TOTAL LCI-203 SYSTEM

FIGURE 11 - STEP FUNCTION RESPONSE (TOTAL LCI-203 SYSTEM)

FIGURE 12 - VISIBILITY AND PREDICTED PERFORMANCE OF
LCI-203 SYSTEM IN VARIOUS CITIES


