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APPLICATION OF A TECHNOLOGY:
THE CASE OF FIBER OPTICS AND MIL-STD-1553

Terrance A. Meador
Electronics Engineer

Naval Ocean Systems Center
San Diego, California

ABSTRACT

Guidelines for the utilization of fiber optics transmission technology in the design of a
standardized aircraft multiplex system interconnect have been difficult to establish. MIL-
STD-1553 is imprecise in the separation of transmission and operational functions with the
result that the substitution of fiber optics for wire transmission specifications is impractical
without redefinition of the 1553 word formats and data bus architecture.

INTRODUCTION

The A2K Aircraft Multiplexing Committee of the SAE, a joint group of Government and
industry representatives, created a Fiber Optics Transmission Task Group and directed it
to fashion guidelines for utilization of fiber optics interconnect technology in MIL-STD-
1553. MIL-STD-1553, sanctioned by the A2K Committee, is a document which codifies
aircraft multiplexing functions. Fiber optics is a technology of interest to the Committee
because it provides a promising alternative to twisted shielded pair for performance of the
transmission function in the 1553 data bus. This paper describes the approach and presents
some of the problems of the Task Group in developing the requested guidelines.

FIBER OPTICS AND 1553

Fiber optics transmission technology has received a great deal of attention from the
procurers and designers of military electronic systems. This interest stems from the
invulnerability of the fiber optic transmission line to EMI and EMP, and from its
bandwidth/length product which is inherently greater than that of any conventional metallic
transmission technology. These attirbutes can be used to advantage in the design,
installation, and operation of simple transmission interconnects which can operate over
wide bandwidth ranges with no metallic shielding required for the transmission line, no
tuning required for transmission line impedance, and no requirement for dual ended,
balanced transmitters and receivers. In military aircraft, particularly, these features promise
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to result in significant system weight savings with attendant decreases in the life cycle
costs of aircraft electronic systems.

The movement of this promising technology beyond a purely R&D stage into military
systems can be effectively accomplished by engineering development performed in the
context of authentic system requirements. Such requirements are found in system
standards. But some aspects of standardization which work against the application of any
new technology, and the immaturity of fiber optics technology itself resist its utilization.
This paradox was presented to the Fiber Optic Transmission Task Group, a subcommittee
of the SAE A2K Aircraft Multiplexing Committee, when it began, in 1976, to plan
guidelines for the application of fiber optics technology to a standard system.

The system selected for fiber optics application is currently used for integration of aircraft
electronics equipment; its characteristics are contained in MIL-STD-1553B(l). Essentially,
1553 establishes control, operation, protocol, format, and transmission requirements for a
multiterminal multiplex system which is served by a single, common transmission path.
The 1553 data bus presents a good opportunity for the application of fiber optics
technology. The standard has potential wide-ranging use in the kinds of systems which can
benefit from the attributes of fiber optics. Operational analysis cost models indicate the life
cycle costs for a fiber optics data bus will be exceeded by those of a wire data bus system
at some point in the future (2). Hence, the development of guidelines for using fiber optics
technology in design of 1553 data buses is a good way of providing direction for fiber
optic development while also building the potential for a cost-effective alternative to wire
technology data buses.

APPROACHES AND PROBLEMS

The initial strategy for integration of fiber optics transmission requirements into the 1553
methodology was to produce a companion standard which substituted for each wire
transmission-related paragraph in MIL-STD-1553 a suitable corresponding paragraph,
couched in terms of fiber optics transmission, which accomplished the same purpose as the
original paragraph. A one-to-one mapping of wire and fiber optics transmission functions
was envisioned which would leave untouched those sections of the standard which contain
the operation and control features of the 1553 system. This approach assumed that a
clearly defined partition line existed in MIL-STD-1553 which separated transmission
functions from operation functions.

The partition approach failed initially because of the diffusion of transmission functions
into the operational features of MIL-STD-1553. Specifically, 1553 in all its versions
requires data coding to be Manchester II bi-level, a bi-phase code which renders a mark
(one) as a high level followed by a low level and a space (zero) as a low level followed by



*All references to paragraph numbers and to figures which appear in parentheses refer to specific
paragraphs and figures of reference (1).

a high level. A transition through mid-level occurs in each bit period and the midlevel is
sought when no data are present. This code is implemented electronically in 1553 by
assigning a positive voltage to the high level, a negative voltage to the low level, and zero
voltage to the mid-level ( 4.3.3.2)*. This provides an efficient method for coding the serial
digital data stream which is an artifact of the time domain multiplexing utilized in 1553.
Manchester coding is also a highly effective method of transmission upon the dual,
balanced, twisted pair data bus specified in 1553. This requirement is definitive of the
characteristics of the transmission hardware ( 4.5 et.seq.) which is logical since all of the
vital features of the transmission system can be interrelated by a single test method which
employs a Manchester signal. However, the sections on word formats ( 4.3.3.5 et. seq.),
intermessage gap ( 4.3.3.7), and terminal response time ( 4.3.3.8), all control and protocol
features, employ a tri-level Manchester waveform to illustrate their definitions (Figures 2,
4, 5, and 8). Since the only point where these waveforms can be verified is where the
transmission line connects to the transmit/receive unit (Point A, Figure 9), an ambiguity as
to function separation creeps into the standard.

This mixing of operation and transmission functions raises difficulties in guiding the
application of fiber optics to the 1553 data bus design. Two problems result. First, since
the output/input port of the wire transceiver (Point A, Figure 9) is the only point in 1553
where waveshapes are defined, it’s necessary that the transmission specifications
establishing the characteristics at that node be retained in the fiber optics companion
standard in order to preserve a point of functional operation to which the characteristics of
the fiber optic transmission system can be referenced. This violates the one-to-one
mapping of transmission functions since the fiber optics transmission definition requires
the existence of the wire transmit/receive definition while the inverse is not true.
Practically, it means that the fiber optics data bus will be a costly add-on to a 1553 system
because the expense of the wire transceiver cannot be eliminated. Second since optical
power transmitted in a fiber optics system is unipolar, a transform function between the
bipolar electrical Manchester signal and a suitable optical code must be specified, making
the objective of one-for-one substitution of transmission technologies even more remote.
Practically, the two levels of coding add again to the expense of the fiber optic data bus by
necessitating extra circuitry to implement the added level of coding. The upshot is that a
more practical point of partition in the 1553 system must be found .

Ideally, from the standpoint of transmission system substitution, the line of partition in a
1553 terminal lies between the transceiver encoding/decoding functions and the input/
output aperture of the digital logic where the multiplexed data are serial but still unipolar.
Here, all of the operational characteristics are present in the serial data, words are
distinguishable, message structure is established, and no changes are made to the data



except encoding and decoding. This line is difficult to draw on the 1553 map, however,
because the admisture of transmission and operational requirements fuzzes the border
between functions. Surgery is required on the word formats to cut away their bi-level
Manchester coding aspects while preserving their protocol and control aspects. Now the
coding becomes the bridge which spans transmission and operation. This change can be
accomplished by deleting the tri-state characteristics in the definitive figures (4 and 5) and
redefining the words in digital logic oriented unipolar format. Word definition in this form
is problematical, however, since the preambles of the 1553 words distinguish the three
word types defined in the standard. Word identification is accomplished by utilizing the bi-
polar feature of Manchester II coding. The first three bit spaces of each word are divided
into two bit-and-a-half timeslots. In command and status words, the first time slot is
occupied by a constant positive level while the second is occupied by a constant negative
level; data words are distinguished by a preamble which is the complement of the
command/status preamble. If the word formats are redefined in unipolar logic levels, the
data preamble loses the first bit-and-a-half time slot because, taken alone, it isn’t
preceeded by a transition to set it off, and appears to be a dwell at zero, a dead line, or a
section of intermessage gap or terminal response time. The message structure of 1553,
however, ensures that a data word will always follow another word and that there will be
no gap time between words, so in practice the first time slot of the data word preamble is
always preceeded by a transition whose location will vary by only half a bit time. Thus, in
unipolar logic, the data word preamble is distinguisable within the message context of
1553.

Another hybrid feature of MIL-STD-1553 which requires working is the definition of data
bus operation. This section ( 4.2) combines the operational requirements of asynchronous
operation, half duplex communication, and command/response protocol, with the serially
tapped transmission architecture of the data bus. While this architecture can be slightly
modified by stubbing ( 4.5.1.5.1 through 4.5.1.3), the fundamental structure of the data bus
remains the same. The serially tapped fiber optic data bus is not suited for more than eight
or nine terminals, so, to meet the 1553 requirement of data bus service for a maximum of
thirty three terminals, alternative structures must be considered. Fiber optics technology is
too immature in development of connectors, couplers, and sources to fasten upon a
transmission architecture which is suitable for all applications. The best choice at this point
is to provide alternative fiber optic data bus structures which are based upon the most
common approaches and to leave determination of a single architecture to the future, when
experience and development will offer more certain choices.

CONCLUSION

The experience of applying fiber optics transmission design methodology to MIL-STD-
1553 has raised some critical issues of standardization and technology utilization. The



standard is written in terms which blur the distinction between transmission and operation
functions, making the application of fiber optics transmission technology difficult since it
does not possess the same transmission characteristics as the twisted wire technology
specified in 1553. The resolution of the issues will come with a reorganization of the
standard and modification of some of its definitions. A companion 1553 fiber optics
standard will, of necessity, not provide the rigid, specific guidelines in the specification of
transmission characteristics since the state of the technology is dynamic. However, the
application effort is warranted by the potential benefits of fiber optics transmission.
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