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1.

1.1

1.2

1.3

2. REFERENCE$

2.1

211

SCOPE

Scope:

This document defines requirements for digital, command/ response time division multiplexing
(data bus) techniques for fiber optic implementation. The concept of operation and information
flow on the multiplex data bus and the functional formats to be employed are also defined.

Application:

When invoked in a specificafion or statement of work, these requirements shall

multiplex dat
system or su

requirements

Purpose:

The purpose

bsystem development. The contractor is responsible for inveking
of this aerospace standard on any and all subcontractors,hie may

of this document is twofold:

MIL-STD1553B.

a. ltseekst
b. It provide

MIL-STD-
Use of this dd

1553B interconnect.

cument with the Interoperability Requirements for AS1773 docum

the appropriafte slash sheet is intended-to provide interoperability between differ

equipment.

Applicable D

The following
issue of SAE

D .
bcuments:

publiCations form a part of this specification to the extent specifieq
publications shall apply. The applicable issue of other publication

b preserve the multiplex bus techniques which have been standard

5 guidelines for the application of fiber optic transmission technique

pply to the
bus and associated equipment which is developed either alone ofas a portion of a
I

| of the applicable
employ.

ized in

s to the

ent (AIR4957) and
ent suppliers of

herein. The latest
5 shall be the issue

in effect on t

e ddate Of the purcnase oraer. In the event or contict between tne

ext of this

specification and references cited herein, the text of this specification takes precedence. Nothing
in this specification, however, supersedes applicable laws and regulations unless a specific
exemption has been obtained.

SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AIR4508 MIL-STD-1773 User's Handbook

AIR4957

Interoperability Requirements for AS1773



https://saenorm.com/api/?name=347e3c7a39948165e6d0a743f4039568

SAE AS1773

2.1.2 U.S. Government Publications: Available from DODSSP, Subscription Services Desk, Building
4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

MIL-STD-1553B Aircraft Internal Time Division Command/Response Multiplex Data Bus

MIL-STD-1773  Fiber Optics Mechanization of a Digital Time Division Command/Response
Multiplex Data Bus
MIL-S-1773 General Specification for MIL-STD-1773

3. DEFINITIONS:

3.1

3.2

3.3

34

3.5

3.6

3.7

BIT:

Contraction gf binary digit: may be either zero or one. In information theony. a bin

one binary de
store or conv

BIT RATE:
The number

PULSE COD

cision or the designation of one of two possible values or states of]
Py information.

pf bits transmitted per second.

E MODULATION (PCM):

The form of modulation in which the modulation signal is sampled, quantized ar

each elemen
TIME DIVISIC

The transmis|
with different

HALF DUPLH

Operation of
on that line s

WORD:

[ of information consists of diffefent types or numbers of pulses an

N MULTIPLEXING (TDM):

signal samples staggered in time to form a composite pulse train.
X:

A data-transfer system in either direction over a single line, but not
multabeously.

ary digit is equal to
anything used to

d coded so that
d spaces.

sion of information from several signal sources through one communication system

in both directions

In this document a word is a sequence of 16 bits plus sync and parity. There are three types of
words: command, status and data.

MESSAGE:

A single message is the transmission of a command word, status word and data words if they are
specified. For the case of a remote terminal to remote terminal (RT to RT) transmission, the
message shall include the two command words, the two status words and data words.
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3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

SUBSYSTEM:

The device or functional unit receiving data transfer service from the data bus.

DATA BUS:

Whenever a data bus or bus is referred to in this document, it shall imply all the hardware in the

signal distribution network, including the harness assembly of fiber optic cables, coupler(s),
connectors, etc., required to provide a path between all terminals.

TERMINAL:
The electrorlic module necessary to interface the data bus with the subsystem|and the
subsystem With the data bus. Terminals may exist as separate line replaceable units (LRUs) or
be contained within the elements of the subsystem.
BUS CONTROLLER (BC):

The termina| assigned the task of initiating information transfers on the data bus.

[

BUS MONITIOR (BM):

The termina| assigned the task of receiving bus traffic and extracting selected ipformation to be
used at a later time.

REMOTE TERMINAL (RT):

All terminals| not operating as the'bus controller or as a bus monitor.
ASYNCHRQNOUS OPERATION:

For the purpose of this\document, asynchronous operation is the use of an independent clock

source in each terminal for message transmission. Decoding is achieved in rgceiving terminals
using clock information derived from the message.

DYNAMIC BUSTONTROL:

The operation of a data bus system in which designated terminals are offered control of the data
bus.

COMMAND/RESPONSE:

Operation of a data bus system such that remote terminals receive and transmit data only when
commanded to do so by the bus controller.
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3.17

3.18

3.19

3.20

3.21

3.22

3.23

REDUNDANT DATA BUS:

The use of more than one data bus to provide more than one data path between the subsystems,
i.e., dual redundant data bus, tri-redundant data bus, etc.

BROADCAST:

Operation of a data bus system such that information transmitted by the bus controller or a
remote terminal is addressed to more than one of the remote terminals connected to the data

bus.

MODE COC

A means by
order to ass

COUPLER:

A coupler is
couplers an

OPTICAL SI

Optical Sign
signal powe
describes th
conditions s
minimum op

MID-BIT TRA

The position
completely ¢

UNIPOLAR

E:

st in the management of information flow.

an optical device which distributes optical pewer among two or m
| tee couplers are examples of couplers.

GNAL RANGE (OSR):

Al Range is the ratio of the maximum optical signal power to the m
" expressed in dBs. As a system specification is applied to an opti
e maximum range of signals‘that can be seen by any terminal ove
pecified. Although OSR'is expressed as a ratio, it is important tha
tical signal power levels be specified as well

ANSITION:

in the optical waveform where the optical pulse goes from a high s
ff or lowsstate or from a low state to a high state.

DATA:

which the bus controller can communicate with the multiplex bus related hardware in

pre ports. Star

nimum optical

cal bus network, it
" the operating
maximum and

btate to a

Data signal transmission which includes only 2 possible states (i.e., 1 or 0). This type of
transmission is typical of fiber optic signaling where optical power is typically modulated between
the state of 1 (high light level) to off (low light level) in contrast to Bipolar data which includes two
active states (i.e., positive or negative potential) and an inactive state (no potential). Bipolar
transmission is typical of two wire bus networks such as 1553.
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4. GENERAL REQUIREMENTS:

4.1 Test and Operating Requirements:

All requirements as specified herein shall be valid over the environmental conditions in which the
multiplex data bus system shall be required to operate.

4.2 Data Bus Operation:

The multiplex data bus system shall function asynchronously in a command/response mode, and

transmission

bus shall reside with the bus controller, which shall initiate all transmissions’\ T4
on the data bjus shall be comprised of messages which are, in turn, formed'by t

words (comm]

architecture i§ illustrated in Figure 1.

shall occur In a halt duplex manner. Sole control or Information irg

and, data and status) as defined in 4.3.3.5. The multiplexdata by

hinsmission on the
e information flow
hree types of

s system

Bus Remote
Controller Terminal
Physical Bus | ¢
Media Monitor| !
Remote Remote
Terminal Termina

FIGURE 1 - Multiplex Data Bus Architecture

421 1 Mbps Operation: This is bus operation with all messages at 1 Mbps data rate. This is
equivalent to MIL-STD-1553 and MIL-STD-1773 original release bus operation.

4.2.2 20 Mbps Operation: This is bus operation with all messages transmitted at 20 Mbps. The
message format, with the exception listed in preamble 4.3.3.3.1, is identical to 1 Mbps operation.
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4.2.3 Combined Data Rates Operation: This is bus operation which allows one bus controller to
control 1 Mbps and 20 Mbps RTs on the same physical media.

4.3 Characteristics:

4.3.1

Data Form: Digital data may be transmitted in any desired form, provided that the chosen form

shall be compatible with the message and word formats defined in this standard. Any unused bit

positions in

4.3.2

a word shall be transmitted as logic zeros.

Bit Priority: The most significant bit shall be transmitted first with the less significant bits

following in
quantity shi
precision q
transmitted
the lesser s
single data
4.3.3 Transmissi
4.3.3.1 Modulatig
modulatia
precision
transmitte
containin
quantities
4.3.3.2 Data Cod
one shall
level). Al
A transitiq

il be consistent with the resolution or accuracy required. Inthee
hantities (information accuracy or resolution requiring more than 1

the most significant bits shall be transmitted first, followed-by the
ignificant bits in numerical descending order. Bit packing of multipl
word is permitted.

bn Method:

n: The signal shall be transferred over the’data bus in serial digita
n form consistent with the resolution oraccuracy required. In the
quantities (information accuracy or resolution requiring more than
d, the most significant bits shall be‘transmitted first, followed by th

in a single data word is permitted.

e Modulation Format: The data code shall be Manchester Il bi-pha
be transmitted as a.coded signal 1/0 (i.e., an optical high level pulg
bgic zero shall be(coded 0/1 (i.e., an optical high level pulse preced
n occurs at the'midpoint of each bit time (see Figure 2).

4.3.3.3 Transmis

with a co

sion Bit Rate: The transmission bit rate on the bus shall be 1.0 Mk
bined:accuracy and long-term stability of £0.1%. The short-term

stability operd.0’second interval) shall be at least 0.01% (i.e., 100 bits per

F

nt that multiple
bits) are
word(s) containing
e quantities in a

descending order of value in the data word. The number of Difs re\%ﬂred to define a

pulse code

event that multiple
16 bits) are

e word(s)

j the lesser significant bits in numerical descending order. Bit packing of multiple

s5e level. A logic
e followed by a low
ed by a low level).

ps or 20 Mbps
stability (i.e.,
second for 1 Mbps

operation| 2000 bits per second for 20 Mbps operation).

4.3.3.3.1

Preamble: For any 20 Mbps message transmission a 16 bit preamble consisting of all

Manchester 1's shall immediately and contiguously precede the Command Word and Status
Word. For 1 Mbps operation no preamble is allowed.

4334

of 20 bit times as shown on Figure 3.

4.3.35

status words.

Word Size: The word size shall be 16 bits plus the sync waveform and the parity bit for a total

Word Formats: The word formats shall be as shown on Figure 3 for the command, data and
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1 MHz
Clock

1 MHz
NRZ Data

(-4

1 MHz
Manchester If

I HJU Il
WHLWUUWU
o

N4

20 MHz?
Clock

_
=
%

20 MHZ
NRZ DATA

=

10110001110010001101
1

20 MHZ

I
[
I
1
1
Manchaester il |1
!

FIGURE 2 - Date Encoding

4.3.3.5.1 Comma : R : rm, remote
terminal address fleld transmlt/recelve (T/R) b|t sub address/mode fleld word count/mode
code field and a parity (P) bit (see Figure 3).

-10 -
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43.3.5.1.1

433512

433513

Command Sync Format: The command sync waveform shall be an invalid Manchester
waveform as shown in Figure 4. The width of the sync waveform shall be three bit times,
with an optical high level pulse for the first one and one-half bit times and then a low level
for the following one and one-half bit times. If the next bit following the sync waveform is a
logic zero, then the last half of the sync waveform will have an apparent width of two clock
periods due to the Manchester encoding.

1 MHz
Clock
1 [ ! i (
1 1 1 ( 1 1 0 [ 0
[ 1 [ | [
1 MHz[Command/ {
Status Sync :
[
gt Sync—»- = Data

N

SR

20 MHz Command/
Status Sync

5= p———

-—— -
-
- -
- = e
- -
- - -
- .
el

- an am
-——
-
—

- - -
- - =
-
-t

- -
-—— -
- - -
- -
- -
-——

r&——Preamble —»= E<——>
I i
Sync Data

FIGURE 4 - Command and Status Word Sync

RemdteTerminal Address: The next five bits following the sync shall bg the RT address.
Each RT for a particular data rate shall be assigned a unique address. Decimal address 31
(11111) shall not be assigned as a unique address. In addition to its unique address, a RT
shall be assigned decimal address 31 (11111) as the common address, if the broadcast
option is used.

Transmit/Receive: The next bit following the remote terminal address shall be the T/R bit,
which shall indicate the action required of the RT. A logic zero shall indicate the RT is to
receive, and a logic one shall indicate the RT is to transmit.

-12 -
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433514

43.35.1.5

43.35.1.6

4.3.35.1.7

4.3.3.5.1.71

43.3.51.7.2

43.35.1.7.3

Subaddress/Mode: The next five bits following the T/R bit shall be utilized to indicate an RT
subaddress or use of mode control, as is dictated by the individual terminal requirements.
The subaddress/mode values of 00000 and 11111 are reserved for special purposes, as

specified in 4.3.3.5.1.7, and shall not be utilized for any other function.

Data Word Count/Mode Code: The next five bits following the subaddress/mode field shall
be the quantity of data words to be either sent out or received by the RT or the optional
mode code as specified in 4.3.3.5.1.7. A maximum of 32 data words may be transmitted
or received in any one message block. All 1's shall indicate a decimal count of 31 and all

Os shall indicate a decimal count of 32.

The last bit in the word shall be used for parity over the precedin
shall be utilized.

Parity|
parity

nal Mode Control: For RTs exercising this option a subaddress/mg
11 shall imply that the contents of the data word count/mode codg
decoded as a five bit mode command. The mode code shall only be use
with the multiplex bus related hardware, and to assist in the managemer
flow, and not to extract data from or feed data to afunctional subsystem
through 01111 shall only be used for mode codes which do not require t
word.| For these codes, the T/R bit shall be set'to 1. Codes 10000 throu
only be used for mode codes which require-transfer of a single data wor
codegq, the T/R bit shall indicate the direétion of data word flow as specifi
No multiple data word transfer shall e’ implemented with any mode cod
codeq are reserved for the specificifunctions as specified in Table 1 and
for anly other purpose. If the designer chooses to implement any of thes|
specific codes, T/R bit assignments and use of a data word, shall be us
The use of the broadcast.command option shall only be applied to partic
as specified in Table 1.

Optio
or 111

Dynlamic Bus Control: The controller shall issue a transmit command
of performing the bus control function. This RT shall respond with a s
spegified,in4.3.3.5.3. Control of the data bus passes from the offering
the pceepting RT upon completion of the transmission of the status wq
the RTrejects control of the data bus, the offering bus controller retain
data bus.

a)
C

) 16 bits. Odd

de code of 00000

field are to be

d to communicate

t of information
Codes 00000

ransfer of a data

gh 11111 shall

. For these mode
ed in 4.3.3.5.1.3.

. The mode
shall not be used

e functions, the
bd as indicated.

ular mode codes

to an RT capable

fatus word as

bus controller to
rd by the RT. If

s control of the

Synchronize (without data word): This command shall cause the RT to synchronize
(e.g., to reset the internal timer, to start a sequence, etc.). The RT shall transmit the

status word as specified in 4.3.3.5.3.

Transmit Status Word: This command shall cause the RT to transmit

the status word

associated with the last valid command word preceding this command. This mode

command shall not alter the state of the status word.
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TABLE 1 - Assigned mode codes

BROADCAST
T/R MODE ASSOCIATED DATA COMMAND
BIT CODE FUNCTION WORDS ALLOWED
1 00000 Dynamic Bus Control No No
1 00001  Synchronize No Yes
1 00010  Transmit Status No No
1 00011 Initiate Self Test No Yes
1 00100 Transmitter Shutdown No Yes
1 00[101  Override Transmitter Shutdown No Yes
1 00{110  Inhibit Terminal Flag Bit No Yes
1 00(111  Override Inhibit Terminal Flag Bit No Yes
1 01p00 Reset Remote Terminal No Yes
1 01001 Reserved No TBD'
1 10010  Reserved No TBD'
(0]
1 011111 Reserved No TBD'
1 10000 Transmit Vector Word Yes No
0 10001  Synchronize Yes Yes
1 10010 Transmit Last Command Yes No
1 10011  Transmit Build In Test Word Yes No
0 10100 Selected Transmitter Shutdown Yes Yes
0 10101 Override Selected Transmitter Shutdown Yes Yes
1or0 10110 Reserved Yes TBD'
1or0 10111  Reserved Yes TBD'
(0]
1or0 11111  Reserved Yes TBD'
' Reserved for future use.
4.3.3.5.1.7.4 Initiate Self:-Test: This command shall be used to initiate self test within the RT. The RT
shall transmit the status word as specified in 4.3.3.5.3.

4.3.3.5.1.7.5 Transmitter Shutdown: This command (to only be used with dual redundant bus
systems) shall cause the RT to disable the transmitter associated with the redundant
bus. The RT shall not comply with a command to shut down a transmitter on the bus
from which this command is received. In all cases, the RT shall respond with a status
word as specified in 4.3.3.5.3 after this command.

4.3.3.5.1.7.6 Override Transmitter Shutdown: This command (to only be used with dual redundant
bus systems) shall cause the RT to enable a transmitter which was previously disabled.
The RT shall not comply with a command to enable a transmitter on the bus from which
this command is received. In all cases, the RT shall respond with a status word as
specified in 4.3.3.5.3 after this command.
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43.3.51.7.7

43.35.1.7.8

43.35.1.7.9

4.3.3.5.1.7.10

4.3.3.5.1.7.11

43.3.5.1.7.12

4.3.35.1.713

43.35.1.7.14

4.3.35.1.7.15

Inhibit Terminal Flag (T/F) Bit: This command shall cause the RT to set the T/F bit in the
status word specified in 4.3.3.5.3 to logic zero until otherwise commanded. The RT shall
transmit the status word as specified in 4.3.3.5.3.

Override Inhibit T/F Bit: This command shall cause the RT to override the inhibit T/F bit
specified in 4.3.3.5.1.7.7. The RT shall transmit the status word as specified in 4.3.3.5.3.

Reset Remote Terminal: This command shall be used to reset the RT to a power up
initialized state. The RT shall first transmit its status word and then reset.

Referved Mode Codes (0T00T to OTTTT): These mode codes are reserved for future
us¢ and shall not be used.

Trgnsmit Vector Word: This command shall cause the RT totransm|it a status word as
specified in 4.3.3.5.3 and a data word containing service réquest infofmation.

Sypchronize (with data word): The RT shall receive’a)command word followed by a
dafa word as specified in 4.3.3.5.2. The data word 'shall contain synchronization
information for the RT. After receiving the command and data word, the RT shall
transmit the status word as specified in 4.3.3:5.3.

Transmit Last Command Word: This cemmand shall cause the RT {o transmit its
status word as specified in 4.3.3.5.3.followed by a single data word which contains bits
4-19 of the last command word, excluding a transmit last command word mode code
redeived by the RT. This mode:¢ommand shall not alter the state of the RT's status
word.

Transmit Built-In-Test(BIT) Word This command shall cause the RT to transmit its
status word as specified in 4.3.3.5.3 followed by a single data word containing the RT
BIT data. This funetion is intended to supplement the available bits in the status word
when the RT hardware is sufficiently complex to warrant its use. The data word,
containing the‘RT BIT data, shall not be altered by the reception of a fransmit last
commanad-ora transmit status word mode code. This function shall not be used to
convey BIT data from the associated subsystem(s).

Se ; o disable the
transmitter associated with a specified redundant data bus. The command is designed
for use with systems employing more than two redundant buses. The transmitter that is
to be disabled shall be identified in the data word following the command word in the
format as specified in 4.3.3.5.2. The RT shall not comply with a command to shut down
a transmitter on the bus from which this command is received. In all cases, the RT
shall respond with a status word as specified in 4.3.3.5.3.
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4.3.3.51.7.16 Override Selected Transmitter Shutdown: This command shall cause the RT to enable

a transmitter which was previously disabled. The command is designed for use with
systems employing more than two redundant buses. The transmitter that is to be
enabled shall be identified in the data word following the command word in the format as
specified in 4.3.3.5.2. The RT shall not comply with a command to enable a transmitter
on the bus from which this command is received. In all cases, the RT shall respond
with a status word as specified in 4.3.3.5.3.

4.3.3.5.1.7.17 Reserved Mode Codes (10110 to 11111): These mode codes are reserved for future

43352

4.3.35.2.1

use and shall not be used.

Data Wprd: A data word shall be comprised of a sync waveform, data'bit$ and a parity bit
(see figpre 3).

Data pync Format: The data sync waveform shall be an invalid Manchgster waveform as
shown in Figure 5. The width of the sync waveform shall be three bit times, with an optical
high I¢vel pulse for one and one-half bit times preceded‘by a low level fof one and one-half
bit times.

NOTE: If the bit preceding or following the syng,waveform is a logic ong, then the
apparent width of the sync waveform:will be increased.

1 MHz
Clock

1 MHz Data Sync

“®Data€¢—SynC——4—Data— >

aee L ”|NOANARNAT HHH[HHHHHHH
J J

UpUUROnoY il
nnyn,

L

|
|
1
1
1
)
{
Data - r<4——Data—»

ﬂ:.nﬂ
Sync Sync

S s

1
20 MHz Data Sync

o

FIGURE 5 - Data Word Sync
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4.3.3.5.2.2 Data: The sixteen bits following the sync shall be utilized for data transmission as
specified in 4.3.2.

4.3.3.5.2.3 Parity: The last bit shall be utilized for parity as specified in 4.3.3.5.1.6.

4.3.3.5.3 Status Word: A status word shall be comprised of a sync waveform, RT address, message
error bit, instrumentation bit, service request bit, three reserved bits, broadcast command
received bit, busy bit, subsystem flag bit, dynamic bus control acceptance bit, terminal flag
bit and a parity bit. For optional broadcast operation, transmission of the status word shall be
suppressed as specified in 4.3.3.6.7.

4.3.3.5.3.1

43.353.2

4.3.3.5.3.3

433534

4.3.35.3.5

4.3.3.5.3.6

4.3.35.3.7

Statu$ Sync Modulation Format: The status sync waveform shall be'as
4.3.3.p.1.1.

RT Address: The next five bits following the sync shall contain the addrg
which|is transmitting the status word as defined in 4.3.3.5.1.2.

Message Error Bit: The status word bit at bit time nine-(see Figure 3) sh

indic

comn
specified in 4.4.1.1. This bit shall also be set'under the conditions speci

4.43.

ZEero §

Instru
instru
conju

comimj

Servid
for the
the n¢
assoq
requin
status
provis

e that one or more of the data words associated with the precedir
and word from the bus controller has failed to pass the RT's valid

4 and 4.4.3.6. A logic one shall indicate the presence of a messag
hall show its absence. All RTs shallimplement the message errof

Mmentation Bit: The status word at bit time ten (see Figure 3) shall
mentation bit and shall always be a logic zero. This bit is intended
nction with a logic one inbit time ten of the command word to distir
and word and a status word. The use of the instrumentation bit is

le Request Bit: “The status word bit at bit time eleven (see Figure {
e service request bit. The use of this bit is optional. This bit, when
ed for the-bus controller to take specific predefined actions relative
iated subsystem. Multiple subsystems, interfaced to a single RT,
e a.service request signal, shall logically OR their individual signals
word bit. In the event this logical OR is performed, then the desig

specified in

pss of the RT

all be utilized to

g receive

ty tests as
iedin4.4.1.2,

e error and a logic
bit.

pe reserved for the
to be used in

guish between a
optional.

) shall be reserved

ised, shall indicate
to either the RT or

which individually

b into the single

ner must make

1I0NS 1IN a sepdarate data Word 1o Iaentity the speclIiic requesting Su

system. The

service request bit is intended to be used only to trigger data transfer operations which take
place on an exception rather than periodic basis. A logic one shall indicate the presence of
a service request, and a logic zero its absence. If this function is not implemented, the bit

shall be set to zero.

Reserved Status Bits: The status word bits at bit times twelve through fourteen are
reserved for future use and shall not be used. These bits shall be set to a logic zero.

Broadcast Command Received Bit: The status word at bit time fifteen shall be set to a
logic one to indicate that the preceding valid command word was a broadcast command
and a logic zero shall show it was not a broadcast command. [f the broadcast command
option is not used, this bit shall be set to a logic zero.
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4.3.3.5.3.8 Busy Bit: The status word bit at bit time sixteen (see Figure 3) shall be reserved for the
busy bit. The use of this bit is optional. This bit, when used, shall indicate that the RT or
subsystem is unable to move data to or from the subsystem in compliance with the bus

43.3.5.3.9

4.3.3.5.3.10

4.3.3.5.3.11

4.3.3.5.3.12

4.3.3.5.4 Status
logic ze

controller's command. A logic one shall indicate the presence of a busy

condition, and a

logic zero its absence. In the event the busy bit is set in response to a transmit command,
then the RT shall transmit its status word only. If this function is not implemented, the bit

shall be set to logic zero.

Subsystem Flag Bit The status word bit at bit time seventeen (see Figure 3) shall be
reserved for the subsystem flag bit. The use of this bit is optional. This bit, when used,

shall flag a subsystem fault condition, and alert the bus controller 1o poig
Multiple subsystems, interfaced to a single RT, which individually requit
bit signal, shall logically OR their individual signals into the single status

event|this logical OR is performed, then the designer must make-provisi
data word to identify the specific reporting subsystem. A logi¢.one shall
presenhce of the flag, and a logic zero its absence. [f not dsed, this bit sk
zero.

Dyngmic Bus Control Acceptance Bit: The status.word bit at bit time ei

ntially invalid data.
e a subsystem flag
vord bit. In the
bns in a separate
indicate the

all be set to logic

ghteen (see Figure

3) shall be reserved for the acceptance of dynamic bus control. This bit shall be used if

the RT implements the optional dynamic bus.control function. This bit,
indicpte acceptance or rejection of a dynamic bus control offer as speg
4.3.3.5.1.7.1. Alogic one shall indicate acceptance of control, and a lo
indicpte rejection of control. If this fuhction is not used, this bit shall be

Terminal Flag Bit: The status-word bit at bit time nineteen (see Figure
for tHe terminal flag function. “FThe use of this bit is optional. This bit, wh
a RT| fault condition. A logic one shall indicate the presence of the flag,
its alpsence. If not used, this bit shall be set to logic zero.

Parity Bit: The least significant bit in the status word shall be utilized fof

in4.3.3.5.1.6.

ord‘Reset: The status word bit, with the exception of the address,

when used, shall
ified in

jic zero shall

set to logic zero.

3) shall be reserved

en used, shall flag
and a logic zero,

parity as specified

shall be set to

o-after a valld command word is recelved by the RT with the exce

in4.3.3.5°1°7-
flag) continue after the bits are reset to Ioglc zero, then the affected status word bit shall be
again set, and then transmitted on the bus as required.

ption as specified
set (e.g., terminal

4.3.3.6 Message Formats: The messages transmitted on the data bus shall be in accordance with
the formats in Figure 6 and Figure 7. The maximum and minimum response times shall be as
stated in 4.3.3.7 and 4.3.3.8. No message formats, other than those defined herein, shall be
used on the bus.

4.3.3.6.1

Bus Controller to Remote Terminal Transfers: The bus controller shall issue a receive

command followed by the specified number of data words. The RT shall, after message
validation, transmit a status word back to the controller. The command and data words shall
be transmitted in a contiguous fashion with no interword gaps.
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43.3.6.2

4.3.3.6.3

43364

43.3.6.5

4.3.3.6.6

43.36.7

4.3.3.6.7.1

43.36.7.2

Remote Terminal to Bus Controller Transfers: The bus controller shall iss

ue a transmit

command to the RT. The RT shall, after command word validation, transmit a status word

back to the bus controller, followed by the specified number of data words.

The status and

data words shall be transmitted in a contiguous fashion with no interword gaps.

Remote Terminal to Remote Terminal Transfers: The bus controller shall
command to RT A followed continuously by a transmit command to RT B.

issue a receive
RT B shall, after

command validation, transmit a status word followed by the specified number of data words.
The status and data words shall be transmitted in a contiguous fashion with no gap. At the
conclusion of the data transmission by RT B, RT A shall transmit a status word within the

specified time period.

Mode Gommand Without Data Word: The bus controller shall issue a transmit command to

the RT psing a mode code specified in Table 1. The RT shall, after comm
validation, transmit a status word.

and word

Mode Gommand With Data Word (Transmit): The bus centroller shall isspie a transmit
command to the RT using a mode code specified in Table 1. The RT shdll, after command
word vdlidation, transmit a status word followed by one data word. The status word and data

word sHall be transmitted in a contiguous fashion with no gap.

Mode Gommand With Data Word (Receive):<The bus controller shall issye a receive

command to the RT using a mode code specified in Table 1, followed by g

ne data word. The

commahnd word and data word shall betransmitted in a contiguous fashiop with no gap. The

RT shall, after command and data word validation, transmit a status word
controller.

Optiongl Broadcast Command:” See 10.5 for additional information on the
broadcast command.

Bus Gontroller To'Remote Terminal(s) Transfer (Broadcast): The bus g
issue fa receive-ecommand word with 11111 in the RT address field folloy

back to the

use of the

ontroller shall
ed by the

specified number of data words. The command word and data words shall be transmitted
in a cpntiguious fashion with no gap. The RT(s) with the broadcast option shall, after

messgage, validation, set the broadcast command received bit in the stat
speciffedn 4.3.3.5.3.

Is word as

Remote Terminal to Remote Terminal(s) Transfers (Broadcast): The bus controller shall
issue a receive command word with 11111 in the RT address field followed by a transmit
command to RT A using the RT's address. RT A shall, after command word validation,

transmit a status word followed by the specified number of data words.

The status and

data words shall be transmitted in a contiguous fashion with no gap. The RT(s) with the
broadcast option, excluding RT A, shall after message validation, set the broadcast
received bit in the status word as specified in 4.3.3.5.3.7 and shall not transmit the status

word.
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4.3.3.6.7.3 Mode Command Without Data Word (Broadcast): The bus controller shall issue a
transmit command word with 11111 in the RT address field, and a mode code specified in
Table 1. The RT(s) with the broadcast option shall, after command word validation, set the
broadcast received bit in the status word as specified in 4.3.3.5.3.7 and shall not transmit
the status word.

4.3.3.6.7.4 Mode Command With Data Word (Broadcast): The bus controller shall issue a receive
command word with 11111 in the RT address field and a mode code specified in Table 1,
followed by one data word. The command word and data word shall be transmitted in a
contiguous fashion with no gap. The RT(s) with the broadcast option shall, after message
validafion, set the broadcast received bit in the status word as specified |n 4.3.3.5.3.7 and
shall pot transmit the status word.

4.3.3.7 Intermesgage Gap: The bus controller shall provide a minimum gapime bgtween messages
per Tablel2 and as shown in Figures 6 and 7. This time period, shown as T|in Figure 8, is
measured with respect to point A of the bus controller as shawn'in Figure 9or 10. The time is
measured from the mid-bit transition of the last bit of the preceding messagg to mid-sync
transition [of the next command word sync.

4.3.3.8 Responsé Time: The RT shall respond, in accordance with 4.3.3.6, to a valid command word
within theftime period as shown in Table 2.. This\time period, shown as T in Figure 8, is
measured with respect to point A of the RT as:shown in Figure 9 or 10. The time is measured
from the mid-bit transition of the last word as specified in 4.3.3.6 and as shown on Figure 6
and Figure 7 to the mid-sync transition of the status word sync.

4.3.3.9 Minimum|No-Response Time-Out:~The minimum time that a terminal shall wait before
considering that a response as specified in 4.3.3.8 has not occurred shall bg¢ as shown in
Table 2. [The time is measured.from the mid-bit transition of the last bit of the last word to the
mid-syncltransition of the expected status word sync with respect point A of the terminal as
shown in [Figure 9 or 10. “The no-response time-out may be increased for longer media delay
at the expense of bus'throughput efficiency.

4.4 Terminal Opgration:

441 Common Qperation: Terminals shall have common operating capabilities as|specified in the
following paragrapns.

4411 Word Validation: The terminal shall insure that each word conforms to the following minimum
criteria:

The word begins with a valid sync field.
The bits are in a valid Manchester Il code.
The information field has 16 bits plus parity.
The word parity is odd.

Qeooo

When a word fails to conform to the preceding criteria, the word shall be considered invalid.
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FIGURE 9 - Data Bus Interface with Pigtailed Fibers
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FIGURE 10 - Data Bus Interface with Connectorized Components

TABLE 2 - Parameters for Time Measurements Versus Data Rates

1-20 Mbps | 20-1 Mbps
Data Rate 1 Mbps 20 Mbps Transition Transition
Minimum Intefmessage Gap 4.0.us 1.2 us 4.0 pus 4.0 us
Response Time 40~120us 1.2-4.0us N/A N/A
Minimum No-fesponse Time-Out + 14.0 us 6.0 us N/A N/A

441

441

442

.2 Transmispion Continuity: The terminal shall verify that the message is conti
in 4.3.3.6] Improperly timed data syncs shall be considered a message errq

.3 Terminal Fail-Safe: The terminal operating at 1 Mbps shall contain a hardw

time-out fopreclude a signal transmission of greater than 800.0 ms. This h
preclude %Wmmm forTd ; '

guous as defined
r.

are implemented
hrdware shall not
Ime-out function

shall be performed by the reception of a valid command on the bus on which the time-out has
occurred. For a terminal operating at 20 Mbps this time shall be 40 ms.

Bus Controller Operation: A terminal operating as a bus controller shall be responsible for
sending data bus commands, participating in data transfers, receiving status responses, and
monitoring system status as defined in this standard. The bus controller function may be
embodied as either a stand-alone terminal, whose sole function is to control the data bus(s), or
contained within a subsystem. Only one terminal shall be in active control of a data bus at any
one time. A network with both 1 Mbps and 20 Mbps remote terminals shall have one bus

controller operating to control data for both rates.
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44.3 Remote Terminal:

4431

4432

4433

4434

4435

4436

Operation: A remote terminal (RT) shall operate in response to valid commands received from
the bus controller. The RT shall accept a command word as valid when the command word
meets the following criteria:

a. The word meets requirements of 4.4.1.1

b. The data rate is correct for the RT

c. The terminal address matches the RT address, or an address of 11111 if the RT has the
broadcast option

Remote terminals operating at different data rates may have the same térm|nal address but no
two termipals operating at the same data rate shall have the same terminal pddress. The BC
shall address terminals based upon the terminal address and data,rate. No|combination of RT
address bits, T/R bit, subaddress/mode bits and data word count/mode code bits of a
command word shall result in invalid transmission by the RT{, Subsequent yalid commands
shall be properly responded to by the RT.

Superseding Valid Commands: The RT shall be capable of receiving a command word on the
data bus pfter the minimum intermessage gap timecas specified in 4.3.3.7 has been exceeded,
when the[RT is not in the time period T as specified in 4.3.3.8 prior to the trgnsmission of a
status word, and when it is not transmitting on:that data bus. A second valig command word
sent to ar RT shall take precedence over the-previous command. The RT ghall respond to the
second valid command as specified in 4.3:3.8.

Invalid C¢mmands: A remote terminal shall not respond to a command woid, which fails to
meet the priteria specified in 4.4.3:1.

llegal Command: An illegal gommand is a valid command as specified in 4[4.3.1, where the
bits in thg subaddress/mode field, data word count/mode code field and the[T/R bit indicate a
mode corpmand, subaddress or word count that has not been implemented|in the RT. It is the
responsihility of the-bus controller to assure that no illegal commands are s¢nt out. The RT
designer has the-option of monitoring for illegal commands. If an RT that is|designed with this
option detects an illegal command and the proper number of contiguous val|d data words as
specified py-the illegal command word, it shall respond with a status word oply, setting the
message €error bit, and not Use the information received.

Valid Data Reception: The remote terminal shall respond with a status word when a valid
command word and the proper number of contiguous valid data words are received, or a
single valid word associated with a mode code is received. Each data word shall meet the
criteria specified in 4.4.1.1.

Invalid Data Reception: Any data word(s) associated with a valid receive command that does
not meet the criteria specified in 4.4.1.1 and 4.4.1.2, or an error in the data word count shall
cause the remote terminal to set the message error bit in the status word to a logic one and
suppress the transmission of the status word. If a message error has occurred, then the
entire message shall be considered invalid.
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4.4.4 Bus Monitor Operation: A terminal operating as a bus monitor shall receive bus traffic and
extract selected information. While operating as a bus monitor, the terminal shall not respond to
any message except one containing its own unique address if one is assigned. All information
obtained while acting as a bus monitor shall be strictly used for off-line applications (e.g., flight
test recording, maintenance recording or mission analysis) or to provide the back-up bus
controller sufficient information to take over as the bus controller.

NOTE: A bus monitor may be set to 1 Mbps or to 20 Mbps or to both.

4.5 Hardware Characteristics:

451

4.6 Redundant Qata Bus Requirements:

4.6.1

4.6.2

46.3

4.6.31

For detailed |
document (A

Error Rate:
received by

ardware characteristics refer to the Interoperability Requirements’for AS1773
R4957) with appropriate slash sheet and the user's systemrspecification.

The terminal shall exhibit a maximum word error rate of one part in 107 on all words
the terminal after validation checks as specified in 4.4.” A word erfor shall include

any fault which causes the message error bit to be set in the'terminal's statug word or one which

causes a t6

rminal to not respond to a valid command. Theterminal shall achleve this error rate

when receiying two successive messages which differinioptical power by thg maximum OSR in
accordanceg with the system specification(s) for messages separated in time py the
intermessage gap as specified in 4.3.3.7, irrespective of order. The error test|shall be run
continuously until, for a particular number of failures, the number of words recgived by the
terminal, ingluding both command and data words, exceeds the required numper for acceptance
of the termipal or is less than the required.number for rejection of the terminalfin accordance with
Table 3. All data words used in the test.shall contain random bit patterns. These bit patterns
shall be unigue for each data word inna:message and shall change randomly from message to
message. [f the terminal under test'is a bus controller with the capability of 1 and 20 Mbps
operation the test shall be run with alternating messages at 1 and 20 Mbps. [flthe terminal under
test is a remote terminal the data rate shall be fixed to the applicable terminal pperation data rate.

If redundant dlata buses are used, the requirements specified in Table 3 shall agply.

Electrical/Qptical Isolation: Electrical and/or optical isolation between multipletredundant data
buses shallbeas specified ih the system specification(s).

Single Event Failures: All data buses shall be routed to minimize the possibility that a single
event failure to a data bus shall cause the loss of more than that particular data bus.

Dual Standby Redundant Data Bus: If a dual redundant data bus is used, then it shall be a dual
standby redundant data bus as specified in the following paragraphs.

Data Bus Activity: Only one data bus can be active at any given time except as specified in
4.6.3.2.
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TABLE 3 - Criteria for Acceptance or Rejection of a Terminal for the Error Rate Test

Total Words Received  Total Words Received Total Words Received

by the Terminal (in by the Terminal (in by the Terminal (in
multiples of 10”) multiples of 10”) multiples of 10”)
No. of Errors Reject (Equal or Less)  Accept (Equal or More)

0 N/A 4.40

1 N/A 5.21

2 N/A 6.02

3 N/A 6.83

4 N/A 7.64

5 N/A 8.45

6 0.45 9127

7 1.26 10.08

8 2.07 10.89

9 2.88 11.70

10 3.69 12.51

11 4.50 13.32

12 5.31 14.13

13 6.12 14.94

14 6.93 15.75

15 7.74 16.56

16 8.55 17.37

17 9.37 18.19

18 10.18 19.00

19 10.99 19.81

20 11.80 20.62

21 12.61 21.43

22 13.42 22.24

23 14.23 23.05

24 REJECT REJECT
>24 REJECT REJECT

4.6.3.2 Superseding)Valid Command: If while operating on a command, a terminal receives another

valid command, from the other data bus, it shall reset and respond to the new command on
the data bus on which the new command is received. The terminal shall respond to the new
command as specified in 4.3.3.8.

5. DETAILED REQUIREMENTS:

5.1 Specific Implementations:

Specific fiber optic bus implementation, based on this standard, shall be in accordance with the
user's system specification .
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6. NOTES:

6.1 Intended Use:

Multiplex data buses conforming to the requirements of this standard are intended for use in
general military fiber optic applications.

6.2 Subject Term (Key Word) Listing:

Coupler, bit, bit rate, bus controller, bus monitor, cable connectors, data bus, detector, error rate,
fiber optics, hode code, modulafion, opfical signal power, opfical signal terming], parity, remote
terminal, soufce, terminal, time division multiplexing, word

PREPARED BY SAE SUBCOMMITTEE AS-3A, FIBER OPTICS OF
COMMITTEE AS-3, FIBER OPTICS AND APPLIED PHOTONICS
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A1

A1.1

A12

APPENDIX A
GENERAL:
The following paragraphs in this appendix are presented in order to discuss certain aspects of the

standard in a general sense. They are intended to provide a user of the standard with more insight
into the aspects discussed.

Redundancy:

It is intende
process. H
use of a du
avionics. H
Nonetheles
application
which it tak
illustrate so
be inclusivg
the triple ar

Bus Controf

The bus co
addition to
traffic on th
parity chec
algorithms
in general,
input/outpu
design that
and status
considerab

, but rather representative. It should be notedthat analogous app
d quad redundant cases.

ler:

htroller is a key part of the data bus system. The functions of the
he issuance of commands, must include the constant monitoring {
e bus. It is envisioned that:most of the routine minute details of bu
ing, terminal non-response time-out, etc.) will be embodied in har
or bus control and decision making will reside in software. It is alg
he bus controllerwill be the general purpose airborne computer w
(1/0) to interface-with the data bus. It is of extreme importance in
the bus contreller be readily able to accommodate terminals of dif
vord bitsused. Equipment designed to MIL-STD-1553A will be in |
e peried-of time; thus, bus controllers must be capable of adjusting

d that this standard be used to support rather than o supplant the bystem design
powever, it has been found, through application experience in varioyis aircraft, that the
Al standby redundancy technique is very desirable for use in\integrating mission

or this reason, this redundancy scheme is defined in 4.6 efthis stgndard.

s, the system designer should utilize this standard as tfie needs of a particular
dictate. The use of redundancy, the degree to which it'is implemepted, and the form
s must be determined on an individual application basis. Figures|A1 and A2

me possible approaches to dual redundancy...These illustrations gre not intended to

oaches exist for

us controller, in

bf data bus and the
5 monitoring (e.g.,
jware, while the

0 envisioned that,
th a special

bus controller
ering protocols

se for a

) to their differing

modification @nd growth within the multiplex system and thus the software muyst be written in

needs. It ig alsoimportant to remember that the bus controller will be the focdl point for
such a maxmmwmmg

Multiplex Selection Criteria:

The design of multiplex bus and selection of candidate signals for that bus is a complex trade of
performance parameters such as update rate, bandwidth, latency, reliability, weight, and power

with program considerations such cost and schedule. For aid in analyzing candidate signals for
multiplexing refer to the 1773 User’'s Handbook (AIR4508) .
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