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ABSTRACT

The large-scale landline telemetry system may benefit from the application of fiber optics.
With present technology, practical means exist to design, implement, and test long-
distance, data-transmission systems using fiber optics. Fiber optics and Computer
Automated Measurement and Control (CAMA) equipment provide application and
tradeoff advantages over a hard-wire system. Procedures for equipment verification must
be developed to confirm and verify system performance of the design criteria. Practical
computations may be made using values representative of actual system performance. A
solution is provided to a typical data transmission problem.

INTRODUCTION

In planning a large-scale landline telemetry system several fundamental problems were
encountered. One problem involved transmitting large amounts of data over 2 kilometers
back to a main facility for processing. This data was serial in nature and was most often
CAMAC or Pulse Code Modulation (PCM). Another problem was space at the remote
sites. And yet another problem was large amounts of data rates ranging from 2-5 megabits.
Up to 16 different data streams were required to flow from a remote site to the main
facility (Figure 1).

Several factors had to be considered in the design. One factor was the requirement for
interchangeability between the short-distance data transmitters and the 2KM units. In
addition, the transmitter had to interface to the CAMAC serial highway as well as single
ended RS423 sources (Figure 2). Also, strong security measures forced minimum field-
radiation distances, and all data transmission cabling had to be run in underground conduit
and pulled through up to 2KM of narrow tube. Overall cable size was a factor because of
space restrictions for this type of cable in the conduit. In the case described in this paper,



multiple PCM and CAMAC data streams had to be transmitted from several remote sites
back to the central site and achieved error rates of 10-8 or better.

DESIGN TRADEOFFS

The system had three basic solutions: RF, landline conventional wire, and landline fiber-
optics. RF transmission was not considered because of the security problems with the data
and the information bandwidth required. That left landline, and the initial thought was to
use a conventional shielded wire system. The shielded wire would satisfy security and use
existing technology.
Long line digital drivers were not capable of driving more than 3 to 4 thousand feet.
Repeaters were considered but the underground environment left little opportunity for
access. Analyzing the high and low frequency requirements of the data being transmitted
indicated a close relationship to video. Video signal transmission equipment had a typical
frequency response of 30 Hz to 8 megabits. Data transmission equipment was available
off-the-shelf for distances up to 10,000 feet. On the surface, it looked as if the decision to
go conventional hardwire was correct. A more thorough analysis indicated that the cable
was a major stumbling block. The cable had to be large in size, in order to reduce the
series resistance and parallel capacitance. The actual size for long runs was approximately
3/4". This coupled with availablility, cost, and connector problems all but prohibited the
hardwire solution. In the transmitters and receivers, cost for 10,000 feet units was also
prohibitive. Bit error rates and ground loop problems also complicated the design solution.
In short, all of these factors drove the cost, delivery, and credibility of the design to an
unsatisfactory point.

As a result, the fiber optics solution began to look more attractive. Since there was over
30 kilometers of cable in the system, cable cost was one of the design constraints. Costs of
optics cable, however, were and are trending downward. A market search indicated that
the choice of cable was easy but that finding the right transmitters and receivers was the
problem. Manufacturers’ specifications were extremely misleading; often link budget
calculations indicated ample margins when there were none. This phenomenon was caused
by several factors in the manufacturers’ specifications: maximum power of a diode instead
of launched power, lack of cable specifications, etc. Some manufacturers specified link
analysis using cable of a special low loss that was available only at an astronomical cost.
In short, there are 5 factors that drive the design of a fiber optics link: launched power into
a cable by the transmitter, cable loss, cable rise times (maximum bandwidth), receiver
sensitivity, and packaging. These factors, once defined by a manufacturer, allow the
engineer to pick and choose the components that make up a fiber optics link.

One other factor that should be mentioned is cost. With cost usually comes complexity of
design. That is, it is easy to obtain good link margins using laser transmitters and APD



receivers. These units are complex in design, have low operational life, and are very
costly. Components such as these should only be used in special transmission systems. The
solution that is fundamentally sound in today’s market is the use of LED transmitters, PIN
diode receivers, and normal production cables. Both diode types have an extremely long
MTBF, and standard production cable is easily obtainable. Packaging can be extremely
small because of the individual component size. Off-the-shelf components are available to
accomplish data runs of 2KM. In the tradeoff between hardwire and fiber optics cable,
fiber optics is preferred. Costs are steadily decreasing in this field. Error rates over the
2KM cable approach 10-9, and ground loops don’t exist. Field replication by the cable is
zero, which eliminates security consideration. Cable size is much smaller and therefore
installation space is reduced. Cost per unit for 2KM transmitters and receivers are much
less for fiber than conventional cabling. Since we are dealing with digital circuitry, system
electronics are very simple. The fiber optics solution is the right one for longline PCM data
transmission.

FIBER OPTICS TRANSMITTER

Because of the space considerations, the optic transmitters were packaged into singlewidth
CAMAC modules, each containing four independent transmitter units. The packaging
conforms to IEEE-5831975 specifications with regard to all electrical and mechanical
compatibility to standard CAMAC crates. This method of packaging enhances the ability
to respond to easy reconfiguration and repair (Figure 3). The unit used standard
components and therefore was easy to service. Average coupled power into the cable was
10 microwatts.

FIBER OPTICS RECEIVER

The optical receivers converted light back into PCM for use in the central facility. The unit
is a dualwidth (2 slots) CAMAC module that contains two independent fiber optics
receivers. Mechanically, like the transmitters, the receivers conform to IEEE 5831975
specification for complete compatibility with the existing CAMAC equipment (Figure 4).

Front panel access to the CAMAC module allows for easy alterations, if required. The
receiver unit is capable of receiving any standard PCM type signal (or equivalent) at rates
from 200 bits per second to 10,000,000 bits per second. The electrical characteristics of
the output signal conformed to those defined as RS422 or adapted to RS423. The unit has
a threshold of 200 nanowatts.



FIBER OPTICS CABLE

The cable chosen was a 50 micrometer duplex, graded index, reinforced tube. The fiber
optics data transmission system uses the same type of cable throughout. Each cable
contains individual fibers, each in a loose buffer tube, with buffer tubes further joined
together by a series of jacketing and reinforcing materials.

In each cable, the fibers are individually contained in tough plastic buffer tubes. Each
buffer tube is surrounded by a braid of KevlarTM yarns that act as the longitudinal tensile
strength member and provides additional crush resistance. A jacket of tough polyvinyl-
chloride (PVC) protects the cable. The two fibers can be separated for routing and
connector attachment. This subcable is jacketed with an additional layer of polyethylene
for added crush resistance and cable ruggedness (Figure 5).

The cables are designed to withstand tensile forces associated with normal cable
installation.

LINK MARGINS

The parameter of primary concern is the overall system link margin. The value of the link
margin is an indication of system performance above the threshold of not working. The
variables involved in the calculation are the various system elements that tend to degrade
performance. The link margin is calculated using the following equation:

Link Margin (dB) = Coupled Power + Receiver Sensitivity - Connector Losses
- Temperature Degradation - Cable Losses.

The values yielded from the above equation are in units of dB. The nominal margin needed
for routine safe operation is 4 dB, or more than twice the margin (excess received power)
necessary.

The margin for each fiber link is computed according to this equation.

CONNECTOR LOSSES

The connector loss specification of 3 dB is an industry standard. This value assumes an
optics cable with a connector on each end--one connected to the transmitter and the
second to the receiver. The connector losses can be a significant element in the overall link
margin.



The system was designed to use a single length cable between the designated points. Cable
lengths are selected so a single piece can be used from transmitter to receiver. If a cable
should break, its repair should be accomplished by splicing, a technique much better than
inserting another set of connectors. The losses associated with the splicing process do not
exceed 0.5 dB each and in most cases is much less.

TEMPERATURE LOSSES

All fiber optics cable transmission quality will vary with temperature. The selected cable
has an operating temperature range of +14E to +122EF with cable transmission
degradation. However, the link margin calculation presented above includes a value for
loss increases due to temperature variations. The 0.5 dB is an industry-wide standard, used
for temperature ranges of +14E to +125EF.

COUPLING LOSSES

The Losses due to transmitter/receiver misalignment with the fiber cable are called
coupling or alignment losses. The 50-micron (µM) fiber used is much smaller than the
transmitter or receiver diode’s surface. Therefore, the coupling of all the light power into
the fiber is impossible (the source being larger than the fiber). Conversely, if the receiver
diode is larger than the fiber, then almost all (if not all) of the light power will be coupled
into the PIN diode. To optimize for the losses, the optical receiver and transmitter are
mounted into their respective connectors. Additional tolerances are also realized because
of the large fiber-to-receiver diode differences.

As an example, the Light Emitting Diode (LED) transmitter outputs up to 1000 microwatts
of light power with an average coupled power into the cable of only 10 microwatts.

AGING LOSSES

The design of the fiber optics system was based upon the use of LED transmitters, PIN
diode receivers, and graded index cable. The LED/PIN diode combination assures long
term stability and reliability, as stated in the time degradation specification of 3 dB at
500,000 hours (or more than 240 years at 40 hours per week, 52 weeks per year).
Therefore, degradation or losses due to aging is considered negligible and is assumed to be
zero in the previous link margin calculations.

SYSTEM RISE TIME

Because of dispersion factors, as well as electronic switching times, the system has certain
frequency limitations. The limitation due to the fiber cable is known as system rise times.



Characteristics of the cable construction and materials are the contributing factors. The
graded index type of fiber cable has one of the best rise time responses available. The
20 nanosecond/KM of cable selected for use, more than meets the overall system
requirements. Verification of this is derived by calculating the required rise time using the
equation:

Rise Time = 70% x I/Bit Rate

or, in worst case:

Rise Time = 70% x 1/5 Mbps
= 140 nanoseconds

In other words, if the cable rise times are greater than that required, the bit rate is too fast
for the cable to accurately carry. Since the selected 50-micron (µM) cable has a rise time
of 20 nanoseconds, its frequency spectrum far exceeds the maximum requirements.
Actually, the selected cable is typically capable of passing analog frequencies in the range
of 200 MHz/KM and is one of the best types of optical cable for long distance pulse
transmission.

FIBER OPTICS POWER METER

The essential piece of test equipment required to support the optical data transmission
system is an optical power meter. This unit can measure and display optical power in the
nano-watt range. Using this instrument, cable losses and transmitter performance can be
directly evaluated. The unit has a special adapter that mates the meter to the cable
connectors. Direct readouts of energy levels can be made easily and efficiently. The meter
is portable and can be used in almost any environment.

ACCEPTANCE TESTING OF FIBER OPTICS

A procedure must be prepared to check and verify the equipment operation. Acceptance
testing was performed on all elements of the fiber optics subsystem. Each piece of
equipment was verified during stand-alone testing. The system integrity was verified by
integrating the fiber optics equipment into a test to check for bit errors and data transfer
rates.

Maximum and minimum specified data transfer rates were verified with the system
operating over 2KM of fiber optics cable and the signal attenuated to the minimum level
specified for receiver sensitivity.



Fiber Optics Transmitter Verification

The output of a fiber optics transmitter module may be measured with a fiber optics
multimeter. Output of the transmitter should be connected to the multimeter by a one-meter
length of fiber optics cable. Cable and connectors should be of the type used in the system.

The light energy will be measured by the sensor head. Interconnection to the cable is made
with an adaptor cap screwed onto the sensor head, which is made to mate with the specific
connector type. Interconnection of the transmitter and multimeter by the short cable will
take into account the connector losses from both ends of the cable and a very small amount
of cable loss through the one-meter length of fiber. Average coupled power of the fiber
optics transmitter should be $10 dBµ. This is the amount of power that is transferred into
the fiber optics cable and is available for use as a signal output.

The transmitter LED has a large transmitting area in comparison to the cross sectional area
of the fiber itself. Therefore, the power output of the transmitter LED is essentially coupled
to the fiber optics cable. In a similar manner, the sensor head has a sensor area which is
large in comparison to the cross sectional area of the fiber cable. Output of the fiber is
essentially coupled to the sensor element.

Output of the transmitter should be connected to the multimeter by the one-meter fiber
cable. Data should be connected to the input of the transmitter unit. This will provide an
input level. Modules with 9 dBµ or less power levels from one or more transmitter units do
not meet prescribed standards and should be set aside for later evaluation. The procedure
should be repeated until all modules have been verified.

Fiber Optics Cable Verification

Verification of the fiber optics cable is performed with the cable on spools in 2KM
lengths. The cable verification test is made with a transmitter unit that has previously been
verified to meet acceptable output levels. An output level of 10 dBµ will be assumed for
the purpose of this example. Maximum attenuation of the fiber optics is specified to be
4 dB/KM. Cables under test are 2KM in length; therefore, maximum acceptable
attenuation is 8 dB. The cable must be terminated on each end with connectors of the type
used in the system.

It is best to substitute the 2KM length of cable for the one-meter piece, and configure as in
the transmitter test. The free end should be unspooled only to the point of reaching the
transmitter output connector. The captive end will then be connected to the sensor head
through the use of the matching adapter. The multimeter setting will be the same as in the
transmitter test.



Power measurements from the output of the cable must be equal to or greater than 2 dBµ.
Cable not meeting the specified maximum attenuation figure of # 4 dB/KM should be set
aside for later evaluation.

Fiber Optics Receivers Verification

The fiber optics receivers are verified by attenuating the input signal level to the minimum
specified requirement of -6 dBµ. For the purpose of this example, the transmitter power
will be assumed to be 10 dBµ. The difference between this level and the minimum power
requirement of the receiver is 16 dB. An approximate attenuation of this value may be
achieved by connecting a spool of 2KM cable and the one-meter cable by means of a
bulkhead connector. This configuration should be assembled and measured to determine
the actual power level. Attenuation must be supplied to reduce the signal level to -6 dBµ in
order to test the minimum operating signal level of the receiver. Once the attenuation level
has been achieved, the receiver may be tested for proper operation. Final verification of
signal throughput will be completed as part of the fiber optics system test.

Fiber Optics System Test

The fiber optics system test verifies each piece of the fiber optics equipment along the loop
signal path. The link analyzer is used to generate the output signal and compare the
returning signal from the fiber optics equipment in the loop. The analyzer is used in the bit
error detection mode.

Output from the link analyzer is cabled to the input of the fiber optics transmitter. The
signal is routed through the transmitter, the 2KM spool of cable, attenuation (as required to
meet specified attenuation), and the receiver unit. Output from the receiver is routed to the
Bit Synchronizer. Interconnection of the Bit Synchronizer to the link analyzer will close
the signal loop path. Each piece of fiber optics equipment is tested in the system
configuration described (Figure 6).

Signal output from the link analyzer is set to simulate a maximum output frequency. The
signal is routed through the system loop and input to the receiver of the link analyzer. Error
detection is set to count the number of errors detected in 109 bits transferred through the
system. A representative set of system components is operated over a period of hours to
determine the number of errors with the link analyzer in the accumulation mode. This set
of system components aids in determining the overall system bit error rate when operation
is extended. Testing also verifies the minimum bit transfer rate of 200 bps NRZL through
the system. The Bit Synchronizer is checked for proper operation while interfaced within
the system during each phase of system testing.



During system testing, the transmitter modules are checked in the system following stand-
alone testing for power output. Each individual transmitter of each module is tested.
System testing verifies the fiber optics cable for attenuation and frequency response
characteristics. Attenuation characteristics of each spool of fiber optics cable is tested
during stand-alone testing. Verification of the receiver units is performed for both
minimum and maximum specified frequency limits while the input signal is attenuated to
the minimum specified level. Each fiber optics receiver of each module is verified during
system testing. This verification serves as the stand-alone test for the receivers that are
tested individually while a transmitter module and cable previously verified in both stand-
alone and system testing are used as support equipment.

CONCLUSION

Fiber optics can be a viable alternative to hardwire systems in a large-scale landline
telemetry system. The system can be made flexible and may be reconfigured as needed for
its changing role in telemetry support. The availability of off-the-shelf CAMAC compatible
equipment will allow system designs that may be both cost effective and performance
efficient. Standard methods exist for predicting system performance. Practical methods
exist to test components and system levels of integration. Testing results indicate system
components meet or exceed expectations. Data error rates of 10-8 or better, and receiver
outputs can be interfaced into the telemetry ground station components easily.
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Figure 1  DATA TRANSMISSION SYSTEM

Figure 2  GENERALIZED BLOCK DIAGRAM OF FIBER OPTICS SYSTEM



Figure 3  CAMAC MODULE OPTICS TRANSMITTER BLOCK DIAGRAM
 

Figure 4  CAMAC MODULE OPTICS RECEIVER BLOCK DIAGRAM



Figured 5  FIBER OPTICS CABLE CONFIGURATION, TWO-FIBER

Figure 6  ACCEPTANCE TEST SET-UP


