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INTRODUCTION TO THE MIL-STD-1553B SERIAL MULTIPLEX DATA BUS
by

D R Bracknell

SUMMARY

This =ezorandum reproduces a paper prepared for the Microprocessors and
Microsysteas journal (Vol 12 No 1 January/February 1988). Mil-Std-1533B is a
well established serial, digital. multiplex data bus standard used in military
realtime system applications. The standard is nov finding applications in the
commercial and industrial sector because of its

inherent flexibility and
durability in harsh environzents. The history and main features of the

standard are presented, together with an indication of why it was deveioped and
how it is applied in systems design. a brief comparison is made ¥ith three
commercial counterparts (ARINC 429, EITBUS and ETHERNET) and possible future
developments are discussed.
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\ 1 INTRODUCTION o —
y
. y

Y
Serial | digital

\\\fﬁ MIL-STD-1553B" is the 1latest issue of a series ofjmultiplex data bus
standards first developed for use in military aircraft avionic sytems in the
early 1970s by- the USAF. It has nov become one of the most widely used data
bus systems for real time veapon system applications throughout the USa and

TINTIITN

Europe and is the subject of International standardisation, in the Ua as

DEF-STAN 00-i8/(PART Z)~ and in NATO as STANAG 383?1;

—
- The HIL-STD-1553B standard defines an asyachronous, time division. sezrial

multiplex data bus using a conmand/response protocol in a half duplex =manner.
The basic signalling rate is 1 Mbit/s using Manchester bi-phase coding on an
electrical bus medium consisting of a twisted shielded pair cable terainated
resistively at each end. Terainals are connacted in a =multi-drop
configuration from the main bus medium using stubs (up to 20 ft in length) and
transformer coupling. A typical system vwould consist of tvo buses (dual
redundant configuration), a single bus controller and us to 31 eg%ressable

remote-terminals vhich interface the bus to the-user sub-syste=s. N fi -

)
J‘/’ial‘ :7?'7”/"”‘“) df‘”/‘ﬁ..;;/ }ﬂ;lﬂ*f)}-bra [ {fk ’Q' } P L
2 DEVELOPMENT L { T
Novadays military aircraft depend more and more on the effectiveness of
their avioric systems to perform such roles as navigation, weapon aiming.
wveapons management and flight control to complete a successful mission. High
reliability, high integrity and accuracy are therefore all basic design
requirements not only for the avionic sub-systems but also the data
transmission system

In meeting these requirements the late 1960s and eariy 1970s saw the
introduction of digital avionics, particularly for the navigatior and weapon
aiming sub-systems, vwhich required the vse of elaborate sensors, real tize
processing and effective control and display ianteraction with the aircrew. a
typical system of this type would require data transmission betveen several
avionic sub-systems such as the navigation sensor, air data computing, weapon
aiming, communications and the pilot’s controls and displays.

This wvas originally achieved by using dedicated point to point data
transmission links betveen the avionic sub-systems and a central computer
configured in a star structured architecture (Fig 1) and involved a variety of
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different transmission methods (analogue, synchro, digital, etc), some of

vhich requiring signal conversion (analogue/digital, synchro/digital, etc)
when interfacing te the computer.

Uhile this vas adequate for small systems it was soon realised that the
ever presentAdeaand for more capability created the need for increased speed,
throughput and memory size in the central computer vhich technology at the
time couid not provide. Furthermore there vere probiezs with physical
congestion at the central computer interface caused by all these point to
point links converging into a iarge interface and signal conversion umit
making the whole approach inefficient, unreliable and difficult to maintain.
Also system updates vere mace very expensive and time consuming due to the
reguiresent for additional wiring and interfaces to be fitted, together with

revision of software in the main computer.

The sclution vas to reduce the load on the central computer by breaking
the task down into more manageable and distributed packages that could be
handled by smaller processors distributed in the avionic sub-systess and move
avay froa the dedicated poinrt to point links by coupling the avionics

. sub-systems together using a serial multiplex data bus (Fig 2).

The benefits of using a standardised serial multiplex data bus approach
vere seen as offering cos=mon interface design, reduced cabling, reduced size
and weight of interface hardvare, improved reliability and good
electromagnetic compatibility and vere the =ain drivers behind the original
developsent of MIL-STD-1533B.

3 HISTORY

The history of HIL—STDBISSBBA spans back at least 15 years with many of
the basic features co=ming from two US aircraft projects started in the late
1960s, the McDonnell Douglas F15 air superiority fighter and the Rockwell B1
strategié bomber. Indeed the F15 was the first military aircraft to eaploy
serial =ultiplexing within its avionic systerz and since that time just about
every US military aircraft project contains use of one of the variants of
MIL-STD-1553. The first vas MIL-STD-1553 (USAF) published in 1973 folloved in
1975 by a US Tri-service updated and agreed version knovn as MIL-STD-155CA.
Finally after aﬁch National (US) and International debate the standard was
revised again and published-in 1978 as MIL-STD-1553B which is the current
version, subject to tvo minor amendments knowvn as Notice 1(USAF) published in
1980 which has nov been superseded by Notice 2 published in 1986.
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MIL-STD-1553B has seen many years of practical use and development to

vhat is nov a mature and well understood standard supported by a large number

.»,.9\3{' gl

-

of cvompoiiént, system and test equipment manufacturers throgghout Eurcpe and

A

. the USA. Hany of these components are Second and third sourced and the UK

RPN

currently has a totally self scfficient manufacturing capability of all 15538 1

i

FUP R, AR,
N 5

hardvare.
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4 MAIN FEATURES

“ug

Hil-STB5-15538 was designed at the cutser to cffer high integrity, hkigh
-9 7 5 5

- .
[ \|‘H <

reliapility data transaission in an adverse military environment (ie, in the
avionic bays of aircraft). These include requirements for: operation over a

vide temperature range, high reliability, fault tolerance, redundancy, error

fe

detection and good electromagnetic compatibility (EMC). The design concepts
of 1553B therefore reflect = choices that would logically be made for any

RRRT IS

3

serial data bus design, using an electrical bus medium, that could =meet these
s demanding performance requirements.

- Starting at the basic level the bus is a lov impedance twisted shielded
- (screened) pair cable terminated at each end vith resistors equal to the
characteristic impedance of the cable, which for 1533B is in the range 70 to v
- 85 ohms.

Coupling of terminals is achieved using either direct (Fig 3) or
transformer (Fig 4) coupled stub configurations using the same twisted pair

h i

cable as the main bus. This provides in the first case for shert (less than 1

PPN

£- foot) stub connections to the bus and in the second, longer (up to 29 fcot)

=
0
3

= connections te the bus through coupling transformers and isolation resistors-
The transformer coupled option is generally preferred as it offers an

T

- additional common mode noise rejection (CMR) of >45dB at 1MHz with the extra
benefits of: :

iy (a) Elec-rical isolation of the stub preventing fault propagation.

Rk o A

ae
i h

(b) Protecticn of main bus from short circuits in stubs through the use

of isolation resistors.

é‘g&a‘;' 4,

¥
i
¥

(c) Increased stub impedance reflected on the main bus resulting in

reduced waveform distortion.
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This basic configuration together with the use of Manchester II bi-phase
level, pulse code modulation (Fig 5) vhich is a bi-polar, self clocking,
signalling code combine to give a very robust transmission path tolerant
against the effects of electromagnetic interference and short circuits in the
stybs and terxminals through the protection afforded by the coupling

transformers a.ud isolation resistors.

There are three types of terminal specified for use on the bus:
(2) The Bys Centroller (BC), vhich is the only terminal assigned the task
og setiing up or initiating data transfers on the bus.

(b) Remote Terzminals (RTs), which interface the user sub-systems to the
bus and provide the sources and sinks of data.

(c} Honitoring Terminals, which can ™listen” to bus traffic for recording
and analysis purposes but not take active part ia any bus

transactions.

In the basic configuration (Fig 6) remote terminals mzay exist as either
stand alone units or be embedded within the sub-systea enclosures. There is
also a capability for the bus, including all stubs, couplers and transceiver
electronics. to be rerxlicated to provide transmission path redundancy in the
event of davage or failure. However, ne¢ provision is made for simultanreous
operartisr sf these buses, only one hus being spacified to be active at any one

time.

For anr given 1553B configuration up to 31 addressable remote terminals
(RTs) wmay be connected, toge:itzr wich a single bus controller (BC) and any
passivz monitoring termimals. The most common level of redundancy is dual
buses but rost microcircuit RT hardware will support at least up to four
buses.

(5) BUS PROTOCOL

Turning to the bus protocol, there are three basic types of word:
(Fig 7)
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Command words, vhich are only transmitted by the bus controller and
contain a five bit RT address field, a five bit subaddress/mode
field, a five bit word count/mode code indicator field and a single

transmit/receive bit.

(b) Data vords which contain the transmitted information in sixteen bit

fields.

Status vords, wvhich are only transmitted by remote terminals in
response to valid commands and contzin a five bit RT zddress and

eight single bit flags used for indicating RT and sub-system status.

Each of these wvords is 20 bit times long vhich includes a 3 bit time word

synchronisation wvaveforn, 16 information bits and z single parity bit. The

three word types are used together to form messages which allov communication

between the bus controller and addressed RTs.

There are three basic message formats: (Fig 8)

(a) (BC) to (RT) transfer. In this case the bus controller i: ies a

e

.
P

"

8

R

R
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:
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command vord to an addressed RT iﬂdicating it is to receive a message
vith a specific vord count in the range 1 to 32, followed by the
correct number of data words. After validation of the message the RT
responds to the bus controller with its status word. This completes
the BC to RT transfer.

(RT) to (BC) transfer. In this case the bus controller issues a
command word to an addressed RT indicating it is to transmit a
message with a specific word count in the range 1 to 32. After
command word validation the RT transmits its stacus word followed by
the correct number of data words. The bus controller validates the

incoaing message. This completes the RT to BC transfer.

(RT) to (RT) transfer. 1In this case the controller issues a command
word to an addressed RT to receive, followved by a command word to
another addressed RT to transmit, both containing the same specific
wvord count in the 1 to range 32. After command word validation the
transanitting RT transmits its status word followed by the correct
number of data words. After validation of the message the receiving
RT transmits its status word. This completes the RT te RT transier.
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In all these cases reference was made to command and mecsage validation.
This is a strong feature of 1553B 2n that all incoming messages to terminals
are subject to validation checks. This minimises the possibility of external
interference causing an undetected error to be introduced in the transmission
pa.h and for the validation checks specified in 1553B gives a theoretical
undetected error rate performance of 10'12. However, if this is inadegquate
CRC or BCH type checks may be included in standard 1553B data vords to provide

error detection/correction capability at a higher level.

For messages that do fail any of the 1553B validation checks listed below
the whole aessage is rejected ané not usesd

fods

n ony vay by the receiving
terminal or its associated sub-systen. Under these ceonditions RTs also
suppress transmission of their status word which is noted by the BC through

application of a “time out”™ mechanism.

Validatiocn checks are carried out by terminal hardvare at the following
three levels:

(a) All bits are checked for correct Manchester bi-phase coding.

(b) All vords are checked for correct synchronisation wavaform, sixteen
information bits and odd parity.

(c) All messages are checked for covrect number of words received.

In addition to the basic message formats mentioned above 1553B offers an
optional broadcast capability vhich allows either BC to RTs or RT to RTs
communication through the use «~ a special reserved broadcast address (deciral
31). RTs receiving a broadcast message do not transmit their status vords
othervise there would be multiple transmissions on the bus. Howvever, the
broadcast received bit is set in the RTs status register vhich can be examined
by the bus controller later during a normal status response to non-broadcast
messages. Also the bus controller has the option to selectively interrogate
RTs using a transmit status word mode command, which is described below, for
confirmation of valid reception of broadcast =messages. The broadcast option
may be used with any or all of the RTs on a given bus providing a selected
broadcast or multicast capability.
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standard also defines 2 series of mode commands allowing the bus

controller to perform bus management tasks such as error recovery and

re-configuration. Mode commands are invoked by setting 11111 or 00000 in the

command voéd subaddress field which is recognised by the RT as a switch to

decode the contents of the word count field as a mode code.

The
of their

(a)

(b)

(c)

(d)

(el

folloving is a list of the mode commands available with an indication
uses:

Dynamic bus control. This command allows a current bus controller to
offer control to a potential bus controller, currently acting as an
addressed RT. If the RT accepts the offer it sets a complementary
bus countrol acceptance bit in its status word reply and then changes
mode of operation to that of bus controller. Thus a dynamic change
of bus controller is possible using this command.

Synchronise. This command causes a pre-determined event (defined by
the systea designer) to take place within an RT/sub-system
combination triggered by the reception of the command. Another
version of the command offers an associated data wvord which passes a
sixteen bit parameter which can be used te preset internal timers or

start sequences, etc.

Initiate self test. This command allows the bus coatroller to
initiate a pre-defined self test sequence within the RT and is used

for remoie terminal health monitoring purposes.

Transmit built in test {BIT) vord. This command allows the bus
controller to recover the resuits of the RT self test sequence
started by the initiate self test mode command. The remote terminal
transmits its status word followed by an additional sixteen bit data

vord containing the results of the self test sequence.

Transmit s*tatus vord. This command allovs the bus controller te
interrogate an RT for its current status vwhich 1is useful for
examining the state of flags such as the broadcast received and
dynamic bus control acceptance bits mentioned above. Other status
bits include the sub-system and terminal flags used to report
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hardvare failure, busy and service request which are generally
sub-system initiated and instrumentation and message error used for
health moritoring purposes.

(f) Transmit last command. This command allows the bus controller to
interrogate an RT for the contents of the last valid command secn by
the RT, excluding the transmit status and transmit last command mode
commands which is useful for error recovery and health mornitoring
purposes.

(g) Transmitter shutdown and override transmitter shutdewn. These are
used by the bus controller, in duval redundant corfigurations. to shut
dovn and enable bus transmitters associated with the other bus
relative to the one on vhich the commands were received. When wmore
than tvo buses are used there are complementary szlected transmitter
shutdovn and override selected transmitter shutdowvn mode commands
vhich use an additional sixteen bit data word to identify the bus to
vhich the commands apply. These mode commands are used for
re-configuration of primary and secondary buses etc.

(h) Reset remote terminal. This command is used by the bus controller to
set an RT or RTs to a pover up initialised state vhich is useful for
system wide re-starts or as a last resort in RT error recovery
procedures.

.~
[P
S

Transmit vector word. Although 1553B operation is command/response
there is a2 ‘latent interrupt’ capability which allows user
sub-systems to set a service request bit in the RT status word to
alert the bis controller to the need for a special message transfer
to take place. The transmit vector word mode command is the way in
which the bus controller interrogates an RT which set its service
request bit for further information, via an associated sixteen bit

data wvord, as to the source and/or reason for this request.

As you can see these mode commands offer a powerful capability for the
bus controller to monitor the health of the bus system, react to user service
requests and take direct action to recover from error or fault conditions.
All these actions are determined by programming in the bus controller and can
vary from simple retry of failed messages to reconfiguratior of the entire
systen.
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MIL-STD-1553B is thus a comprehensive multiplex data bus standard
covering the electrical intezface specifications, protocol options and bus

management capability with built in error/fault detection.

o

6 SYSTEMS DESIGN

.

The 1553B data bus standard only provides end to end digital data
transmission capability within a system and does not solve the overall system
design problem. The standard offers a flexible data transmission capability
with a vide range of options from which the system designer chooses an optimum

e TR A ek Ty

.

set able tc meet his design requirements. Some of the system design issues

e

are discussed belov but considerably more information is available in
HIL-HDBK—15535 wvhich is the official companion document to MIL-STD-1533B.

Several buses may be used in a system using a hierarchical architecture
ﬁ > (Fig 9). In this example, vhich is typical of a modern avionic architecture,
it can be seer that the upper level night be a mission bus integrating the
2 main avionic sub-systems together, whereas the weapons and con¥unicatioh
‘ ¥ sub-systems nowv have local 1553B buses of their own to connect to the weapon
pylons and radio equipment respectively. This approach has the advartage of
reducing the number of terminals per bus wvith a consequent reduCtion in bus
loading, although in this example there is added complexity in the veapons and
communications controllers which now require two 1553B interfaces. As a
result, careful analysis has to be made of the data flow reqriremeats betveen
terminals on different buses using a hierarchical architecture as there is a

store and forvard delay across the bus to bus interfaces togetter with P

B T

{ o additional delays due to {he asynchrorious operation of the twvo buses whic.. .ar

result in message latency problems.

MIL-STD-1553B is compatible with a wide variety of upper level control
formats vhich can allow the bus to be used in a variety of non-standard wayvs.

ANE T

A couple of examples, of which there are many, are pseudo-time-slot and polled
sequence operation. In the first case bus control could be allocated using a -
! central tiwning source to enable different bus controllers in a pre-determined
time slot sequence providing user sub-system control of the bus for a known

x
'

but restricted period of time. In the second case a bus controller cam be .

B
“
i
3
i
4
i
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i

programmed to poll RTs on a sequential basis until a service request bit is

set in a s{atus vord reply. A transaction would then be generated in the bus
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controller to service the RTs request. Neither of these exampl-s is in
wvidespread use, or indeed recommended modes of operation, but they serve to

show how 1553B can be used to meet differing upper ievel requirements.

Vhen designing any system using 1553B an analysis must be made of the
functional and data flow requirements by taking into account the input/output
requirezents of individual sub-systems in terms of iterationm rates,
message/word lengths and fermats, and, at a higher level, operational modes,
redundancy philosophy and error management, etc. All these requirements are
then distilled into the programming of ke bus controller.

Physically the bus controller may be a stand alone device or be
incorporated within one of the sub-system enclosures. For z simple system it
could be a repetitive sequencer with no intelligence to handle errors etc.
Hovever, in larger systems it would be normal tc associate the bus controller
vith a general purpose processor so that higher level control algorithms can
be impleuented to handle executive functions such as system health monitoring
and reconfiguration etc.

Thke heart of any bus contrsller is the message list or set of transaction
tables which define the sequence and types of message transfe:s to be used on
the bus. For avionics, repetitive or periodic type transfers dominate and
generally relate to the transfer of navigation or zircraft attitude type data,
typically up to 64 times a second. So bus traffic is generally organised into
a major frame/minor cycle format where all bus transactions have a
relationship in time at differen: but sub-multiple iterations of the highest
update rate (ie, 32, 16, 8, etc). The fastest update rate group is generally
termed a minor cycle and the lovest a major frame or cycle. Within this
concept free time is generally left available within the minor cycles or maijor
frame for message error retries 2nd aperiodic message requirements.

4 number of different methods exist for producing these tables and
computer aided tools exist £for sorting, checking and analysing the result.
Typical examples include the *Bus analysis and Checking Utility Systea”
(BACUS)6 produced by British Aerospacz and the "System Architecture
Verification and Design Analysis™ (SAVANT)7 tool developed by RAE Faraborough.

Oae of the most important parameters examined in any systexm design using
1553B is bus loading vhich is generally expressed as a percentage of the ratio

betveen actual bus transmission time and the maximum possible transaission

v ow ez
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time over a specified period. It is generally accepted that buses used in
avionic applications shall not exceed 50% loading when first in service to

allow grovth potential to accomodate future expansion and updates.

7 COMPARISON VITB COMMERCIAL BUSES

MIL-STD-1553B is ideal for all real time <command and control
applicatiens, particularly vhere severe environments are encountered. It has
been adopted as the multipoint bus standard by CERN in Geneva and a number of
other nuclear research establishments. Other commercial and industrial
applications have previously been limited primarily by the cost of components
essentially designed for the military market only.

This situation is changing rapidly as manufacturers offer low cost
monolithic transceivers and plastic packaged interface/protccol chips. Test
and development equipment is also becoming available at reasonable cost
including IBX¥ PC based systems. Aas the product volume increases to satisfy
the much larger non-military market, component and equipment prices will fall

accordingly to much the same level as for existing commercial buses.

The comparison of MIL-STD-1353B with commercial systems is made difficult
because industrial buses use different terminology and are expected to fit the
"open systems” framework of standards which is not generally used for
describing military real time systems. This makes identification of similar
systems difficult and an objective assessment almost impossible. Therefors
the commercial counterparts chosen for this comparison have been limited to
three fully developed buses which are all bit <erial, baseband, multidrop

systems using tvo conductors for the transmission media.

ARINC 429 vas chosen as it is the =main bus system used in the avionic
systems of civil transport aircraft and is an obvious candidate to cozmpare
with 1553B, vhereas BITBUS is probably the closest commercial counterpart ¢
15538 and ETHERNET one of the most well ¥nown industrial LAN systess.

Table 1 shovws this comparison, which Ic believed to be accurats wusing
informaticn freely available. The table covers some of the main aspezts such

as product support, performance, transmission characteristics and protoccl
features, etc.
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7.1 ARINC 429

This is the most common bus system used in civil aircraft applications
and is configured around a single transmitting terminal connected up to 2
maximum of tventy receiving terminals. There are no physical addresses and
all terminals "listen" to bus traffic. Data is transmitted with an associated
tag or identifier vhich is recognised by the receiving terminals to decode the
required information. The bus can therefore be considered to be in a
permanent broadcast or multicast mode of operation. There are two alternativ

data rates of 100 kbit/s and 12-14 kbit/s and a separate bus is required for
every transmitter of data.

ARINC 429 differs from 1553B in the following main respects:
(a) Data tagging instead of terminal addressing.

(b) Permanent broadcast mode of operation.

(c) Direct coupling of transmitter and receiving terminals.

(d) RZ bipolar signalling code (Tri-level states, hi/null/lo) instead of
Manchester bi-phase.

(e) Lover data rate (377 kbit/s max) instead of 1 ¥bit/s.

It can be seen that ARINC 429 is more 1limited in capability offering
lover speed data communications designed to meet the more benign environment
of commercial aircraft. It is also a simpler system requiring no bus
controller and reduced interface electronics.

7.2 BITBYS

BITBUS developed by Intel Corporation and put into the public domain in
1983 is described by them in their databook8 as an interconnect for the
construction of real time distributed control systems. Both synchronous and
self clocked versions are available with rre option of repeaters for longer
transmission distances. For the purpose of comparison with 15538, the self
clocked mode without repeaters has been used.
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BITBUS is similar to 1553B in that it uses twisted pair cable to
communicate betwveen 28 nodes, one of which is assigned master (ie, bus
controller) and the rest are slaves (ie, rerote terminals). Mastership may be
passed tetween nodes. The bus access method is also time division multipleved

as used in 1553B with wmessage acknovledgement facilities provided betwe2n
master and slaves.

BITBUS differs from 1553B at the physical 1level in tne folloving
respects:

(a) Direct coupling of transceiver to bus with no isolation by
transformer or other methods.

(b) NRZI signalling code instead of Manchester bi-phase.
(c) Lower signalling levels using RS485 standard transceivers.
(d) Lover data rate (375 kbit/s Max) instead of 1 Mbit/s

All these differences combine to reduce performance and fault protection,
particularly in severe environments. The only fundamental advantage is the
saving in the cost of coupling transformers plus at present thz reduced cost
of interfaces and transceivers.

The protocol used by BITBUS is based on SDLC, an old IBM standard. BITBUS
is able to handle longer messages than 15538, 248 bytes as compared with 64
bytes wvith only a 5 byte £fixed overhead regardless of message length. The
minizum data message length is 2 bytes.

The SDLC like protocol provides message services betveen master and a
single slave. Slave to slave, broadcast and multicast capability is not
provided thus increasing the average data transfer time for many types of
message transaction. The lack of slave to slave coamunication is comsidered
by some people to be a severe disadvantage in control anplications vhere
"reflex action™ betveen sensor and actuater or alarm type capability is
required. This is due to the extra delay caused by having to pass all data
through the master for slave to slave communication, vhich itself could be
subjected to further delay due to the affects of softvare interrupts etc.
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The main conclusion from this brief comparison is that BITBUS can compete
with 1553B for "softer” 1less demanding industrial applications vhereas for
high integrity real time control in severe environments 1553B has the superior

specification and performance.
7.3 ETHERNET

This is described in the "Blue book™ ETHERNET specification9 as a local
area netvork vwhich provides a communication facility for high speed data
exchange among computers and other digital devices within a =oderate sized
geographic area. It was designed and first implemented by Xerox in 1975 and
is now supported by DEC and Intel. The topology of a full ETHERNET network is
that of a branched non-rooted tree which for comparison with 1353B is
considered to be only a single branch.

1553B and ETHERNET have very 1little in common except for the use of
baseband, Manchester bi-phase signalling and the use of transformer isolation.
ETHERNET does not have a bus master, all nodes being connected to stations
with equal priority and there is no pre-determined bus access control
mechanism. Stations attempt access by monitoring a carrier sense signal and
vaiting for passing traffic until the channel is clear. Transmission
collisions can still occur due to media propagation time so a collision
detection mechanism is provided which catses a random delay before
re-transmission. The method is known as CSMA/CD, carrier sense multiple

access with collision detect.

ETHERNET combines CSMA/CD with a signalling rate of 10 Mbit/s over a
coaxial cable medium to give high speed communication when the bus is lightly
loaded. Hovever, as the bus traffic increases there comes a point where
througnput drops rapidly as bus collisions occur and re-transmission is
required. This makes ETHERNET ideal for information transfer system
applications (ie, in the office environment) vhere long block transfers are
required and occasional delays can be tolerated durinz periods of high usage.
For real time systems however, the non-deterministic nature of tha bus access
mechanism makes the system quite unacceptable unless measures can be taken to
prevent bus transmission collisions.

The ETHERNET protocol is inefficient vhen dealing with short messages due
to the fixed overhead of 12 bytes per message, a minimum data block of 46
bytes and an interframe spacirg of approx 10us. Even with no bus contention a
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4 byte message reéquires a similar transfer time to 1553B (6lus vs 82us)
despite the 10 times faster signalling rate offered by ETHERNET. However, the
ETHERNET protocol is better suited to long messages offering a maximum of 1500
bytes vwhich can be transferred in 1.22ms. This would take 24 separate
messages using 1553B with a transfer time of 16ms (assuming minimum
intermessage gaps and response times).

It is clear that 1553B and ETHERNET address different applications and
are based on different requirements. Both are leaders in their field and do
not directly compete with one another. However this short comparison i§
useful to show these facts.

8 FUTURE DEVELOPMENTS

The basic 1553B standard can be enhanced in a variety of ways to improve
performance, one of the most popular being the use of fibre optics. Due to
optical losses it is not possible to construct an all fibre optic bus
providing 32 ports using the linear "tee™ coupling topology as used by the
electrical version without using repeaters. In practice the only way to
provide a passive optical interconnect for a 1553B system is to use a single

or multiple star topology network.

Both these topologies have different attributes. For example the single
star topology offers a reduced range of optical losses between terminals but
suffers from a potential single point of failure, which is particularly
undesirable for aircraft applications, and requires generally longer lengths
of cable to connect to a larger more complex central star coupler. The
multiple star topology hovever, while suffering a wider range of optical
losses between terminals, can be configured to provide path redundancy in the
event of failure, uses smaller less complex couplers which can be located
adjacent to groups or clusters of terminals and can result in a generally mare

elegant solution with reduced cabling requirements.

Beth these approaches are suitable for 1553B wnd hardware has been
developed such as the STC transceiver set vhich offers a compatible fibre
optic interface capability for use with standard 1533B protocol chip sets.
These optical transceivers replace the electrical tranceiver/transformer
combination and are equally suitable for incorporation into newv designs as

vell as providing an optical retrofit capability for existing systems.
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Having engineered a 1553B system using a fibre optic network there is
scope for updating the system in the future to make use of the much higher
bandvidth provided by the optical transmission media. This can be achieved

using a number of techniques varying from interleaving high speed

transmissions in the 1553B intermessag: and response time gaps to utilising
frequency division multiplex (FDM) and wavelength division multiplex (WDM)
techniques tc provide parallel information channels. These extra channels

could carry further 1553B systems or other services such as audio and video
distribution.

Another area for future development is the association of the 1553B
protocol with control of higher speed data transfer systems. This is
currently the subject of a NATO study which has resulted in draft STANAG 3910.
In this approach a fibre optic 20 Mbit/s bus has access controlled by a
standard 1553B bus. Early implementations would utilise separate interconnect
media for the 1553B and 20 Mbit/s buses, but later implementations could share
the same optical interconnect using FDM or WDM capability.

9 CONCLUSIONS

MIL-STD-1553B is a very well established, well proven, serial data bus
system for military real time system applications and has qualities well
suited to command and control applications in severe environments. It
compares well against a number of related commercial systems and given the
availability of 1lower cost interface components could well provide an

appropriate solution for many industrial applications.

The standard is in the public domain and not the property of any single
vendor or manufacturer which encourages the availability of even more products
to support its application both at the component, system and test equipment
levels. The standard will be in use for many years to core which togetier
vill some of the enhancements described, such as the use of fibre optics, will

be compatible with upgrading to higher speed systems at a later date.
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