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MIL-STD-1553
INTERFACES TO TELEMETRY SYSTEMS

Ray Nicolais Donald H. Ellis
Product Manager System Engineer
Digital Data Systems AEROSYSTEMS ASSOCIATES
AYDIN VECTOR Division Huntsville, Alabama
Newtown, Pennsylvania

ABSTRACT

With the advent of digital technology in aircraft systems, the need for advancements in
digital data acquisition systems for flight testing became apparent. A thorough review of
aircraft systems integration employing the MIL-STD-1553 multiplex data bus revealed the
need for flight test systems that incorporate the advanced digital techniques and provide an
interface to the data bus. This paper provides an overview of the MIL-STD-1553
requirements including word structure and protocol, with special emphasis on the
requirements for synchronization and time tagging of the data acquired from the bus.

The data bus is a serial digital transmission system for interchange of control signals,
status and data between equipment internal to the aircraft (or other vehicle). The basic
multiplexing technique is Time Division Multiplexing (TDM) with the information coded
in 20-bit (16-bit data) words. The transmitted waveform is biphase operating at a bit rate
of 1.0 megabit per second. Transmissions are bi-directional on a twisted pair shielded
cable.

The requirements for a bus monitor unit which interfaces with the data bus for acquisition
and processing of information are described. The design for a Programmable Bus Monitor
(PBM) is detailed. The PBM provides a highly flexible and effective interface between the
MIL-STD-1553 data bus and an advanced digital flight test system.

INTRODUCTION

Over the last decade, the use of digital techniques in aircraft equipment has greatly
increased, as have the number of avionics susystems and the volume of data processed by
them. Analog point-to-point wire bundles soon proved to be an inefficient and
cumbersome means of interconnecting the sensors, computers, actuators, indicators and
other equipments onboard the modern military vehicle. To remedy this deficiency, a serial



digital multiplex data bus was developed. MIL-STD-1553 describes this bus. The 1553
multiplex data bus provides integrated, centralized system control, and a standard interface
for all equipment connected to the bus. Also, the bus provides a point at which all bus
traffic (information) is available for access by the instrumentation system.

Figure 1 shows a simplified arrangement which could be used to interface the flight test
system to a vehicle operational system that employs a data bus. The aircraft system could
be avionics, communications, stores management, flight controls or other onboard
operational system having internal information required for flight test system acquisition
and processing. A special interface unit, the bus monitor, is required to access the bus
information. AYDIN VECTOR’s PBM-1553 was designed for this purpose.

A brochure, “MIL-STD-1553 Theory and Applications,” was published to provide
Program Managers and Flight Test Systems Engineers with information regarding bus
protocol and design, and to serve as an introduction to the VECTOR PBM-1553 Data Bus
Monitor.

This brochure was prepared by the technical staff of AYDIN, VECTOR Division, in
collaboration with Mr. Donald H. Ellis, President of AeroSystems Associates and noted
contributor to the MIL-STD-1553 standardization effort. AYDIN, Vector Division,
designs and manufactures data acquisition systems and telecommunications equipment.

OVERVIEW: THE MIL-STD-1553 DATA BUS

The MIL-STD-1553 multiplex data bus standard defines a high speed digital transmission
system for interchange of control signal status and data between equipment internal to the
vehicle. By title, the standard is specified to apply to aircraft but has found wide
application in other vehicles such as missiles, ships and tanks. Figure 2 shows the
multiplex system architecture and information flow. The transmission method employed
borrows from Pulse Code Modulation (PCM) telemetry techniques that have been in use
for many years. The basic multiplexing technique is Time Dimension Multiplexing (TDM)
with the information coded into 20-bit words (16-bits data). The transmitted waveform is
Manchester II (biphase) operating at a bit rate of one megabit per second. The
transmission medium is twisted pair shielded cable. Transformer coupling is used to
maintain a balanced transmission line exhibiting high rejection rates for induced common
mode noise. The communications link is half duplex which means that signals are
transmitted in both directions on the line but not simultaneously.

The system design is a conservative approach to the communications protocol. A
command-response protocol was selected to provide positive system control by a single
master Bus Controller over up to 31 Remote Terminals. As indicated in Figure 2, the RTs



accept data from the BC, or transmit data to the BC and respond with status. A terminal
called a monitor is provided for accessing data bus information for off line use. A single
twisted-pair line may be used, but most military systems applications require an additional
bus for redundancy. Additional redundancy can be added for systems such as flight
controls where safety of flight is critical. The redundancy implementation requires a
significant increase in interface hardware.

WORD FORMATS

Three word types are defined in MIL-STD-1553:  command word, data word, and status
word. Figure 3 shows the word formats in relationship to the 1 MHz clock and bit times.
There are twenty 1.0 microsecond bit times allocated for each word. All words consist of
3 bit times synchronization pattern (bits 1-3), a 16-bit time field which is specified for each
word type (bits 4-19), and 1 bit time for a parity check bit (bit 20). The sync pattern
consists of an invalid Manchester II (biphase) wave form with 1½ bit times of the opposite
polarity. This allows the signal receiver to positively determine the beginning of a word
since this unique pattern cannot normally appear in the data. The parity bit is used to detect
errors in the 16-bit field. An odd number of bit errors can be detected since the parity bit is
fixed so that an odd count of “ones” is transmitted including those in the 16-bit field and
the parity bit.

The command word contains the 3-bit sync pattern, 5-bit RT address field, T/R bit, 5-bit
subaddress/mode field and parity bit. The positive to negative phase sync pattern
distinguishes the command word from the data word to provide additional word
identification. Note that the status word has the same polarity sync pattern as the command
word. This fact complicates the identification of word patterns for the bus monitor. The
command word RT address field provides a unique address code for up to 31 RTs.
Decimal address 31 (all “ones”) is set aside for an optional mode of operation called
broadcast. The broadcast and other modes of operation will be discussed in the next
section on message formats. The transmit/receive (T/R) bit is used to instruct the RT to
transmit or receive data. The 5-bit subaddress/mode field is used to specify the location in
memory or other subsystem element where data is to be taken from or placed into. Two
codes (all “ones” or all “zeroes”) placed in this field imply that the next 5-bit field contains
a special mode code rather than the data word count of the message. The mode codes
specified in the standard are optional and may or may not be implemented in particular
hardware.

The data word consists of the word sync, 16-bit data field, and a parity bit. The data field
will contain coded information related to the parameters or commands being transmitted.
The data may be binary coded values or discretes. The only requirement for the binary
coded values is that the most significant bit (MSB) be transmitted first with the less



significant bits following in descending order of value in the data word. The last bit
transmitted is the Least Significant Bit (LSB).

The status word is transmitted by the RT. The status word is transmitted by the RT. The
status word consists of the 3-bit word sync pattern (same as command word), 5-bit address
of the responding RT, and an 11-bit status field. Eight bits of the status field are assigned
with 3 bits reserved. The status bits are used to notify the BC of the operational conditions
of the RT and subsystem. A detailed description of the status bits is included in
MIL-STD-1553B.

MESSAGE FORMATS

Three basic types of information transfers are defined by MIL-STD-1553:  BC to RT
transfers, RT to BC transfers, and RT to RT transfers. These transfers are related to the
data flow and are referred to as messages. The basic formats are shown in Figure 4. The
normal command/response operation involves the transmission of a command from the BC
to a selected (address) RT. The RT either accepts data or transmits data depending on the
type (receive/ transmit) of command issued by the BC. A status word is transmitted by the
RT in response to the BC command if the transmission is received without error and is not
illegal. As indicated by Note 1, for the optional broadcast mode of operation, the status
response is suppressed. Broadcast operation is not applicable to transmit commands. The
broadcast mode of operation is not allowed for Air Force Avionics applications in
accordance with Notice 1 to MIL-STD-1553, dated 12 February 1980.

The optional mode command messages shown in Figure 5 are used in some applications to
provide for positive control of the multiplex data bus system by the BC. The standard
defines fifteen mode codes that are specified for certain functions and are not to be used
for any other purpose. The implementation of the mode commands is made optional by the
standard. The Air Force has restricted the application of mode commands in aircraft
avionics systems to certain ones as defined in Notice 1 to MIL-STD-1553B.

For the flight-test instrumentation system interface, the major concern is the acquisition
and formatting of selected data from the bus. It is important to know the message types
which can appear and how they are formatted in the system. This will facilitate the
selection and acquisition of the proper messages and associated data. Detailed mode code
definitions can be found in MIL-STD-1553B.



TYPICAL AIRCRAFT SYSTEM APPLICATION

MIL-STD-1553 has been successfully used on F-16, F-18, AH-64 and B-52 OAS aircraft
programs. The data bus is also being applied to advanced missile systems and electronic
pods carried on aircraft, and is being considered for shipboard and submarine weapon
systems.

A typical aircraft system implementation is shown in Figure 6. The Avionics System Bus
and the Stores Management System Bus are both MIL-STD-1553 data buses. Each bus is
dual redundant (two buses) and requires a Programmable Bus Monitor (PBM) to interface
with the flight test system. The flight test system is a distributed system employing a
control/data bus similar to but not necessarily the same as the 1553 bus. The
Programmable Bus Monitor provides a flexible unit for selection of bus messages and
words of interest for entry into the flight test system.

CONSIDERATIONS FOR PROCESSING MIL-STD-1553 DATA

Processing requirements for 1553 data must be considered when establishing the format
for the acquired data in the airborne system. The information from the data bus is not
necessarily cyclic and regular as is usually the case in flight test data systems. This is
because the typical aircraft systems employing the 1553 bus may be required to adapt the
sampling (transmission) rates for some of the data which is dependent on the flight regimes
or mode of weapon system operation. The control of the data bus traffic resides in the
mission computer/bus controller software and may be modified as a function of operational
conditions and equipment failures.

This leads to the requirement for time tagging selected data samples and providing status
conditions along with the data. The time tag allows for the identification of data samples
with respect to a known time base; thus easing the data processing task. Status information
is provided to identify the condition of the data with respect to staleness, overflow
condition, identification of the bus from which the data was received and error condition of
the data. The design of the PBM-1553 provides positive assurance that the multiple data
words received from a message are taken from the same message transaction. The design
of the unit also provides assurance that the flight test system sampling of the stored data
will not interfere with the storage of new data. This is necessary due to asynchronous
nature of the data bus and flight test system operation.

Since a test system’s capacity is typically limited by the available data link band width,
i.e., the transmitter and/or tape recorder, great care must be taken in allocating data
sampling rates to your measurements list. After allocations for discrete and digitized
analog data, usually little bandwidth space is left for bus data. For this reason, the bus



monitor must be programmable to select ONLY those bus words of interest in the test
application. The selected words are stored in the Buffer memory and made available for
sampling the test system. All other data is discarded by the bus monitor.

THE PBM-1553 PROGRAMMABLE BUS MONITOR

The Programmable Data Bus Monitor, PBM-1553, is a versatile airborne unit that provides
access to selected information from a MIL-STD-1553 data bus for input to the onboard
flight test system. The PBM-1553 will interface with a dual redundant 1553 bus and
operate as a monitor for data acquisitions without interference to the vehicle data bus
operation. The unit is compatible with MIL-STD-1553A, MIL-STD-1553B and the 1553
systems implemented in the F-16, F/A-18, B-52 OAS, AV-8B, A-10 and other, modern
military aircraft. Some significant features of the PBM-1553 are:

OPERATION:  The Unit will only receive and will not interfere with the vehicle data bus
operations.

INTERFACE:  Dual redundant inputs, strappable for either direct or transformer coupling
in accordance with MIL-STD-1553B.

PROGRAMMABLE:  The unit can be programmed by use of the EPROM to acquire
selected 1553 messages and selected words from the messages. Strap options for
connections are also provided.

TIME TAGS:  The selected 1553 data can be tagged with time information for use in
data processing.

DATA INTEGRITY:  The integrity of the received data is assured with status provided
to the user.

STAND ALONE PACKAGE:  A small (7x6x5 inch) rugged package is self-contained;
requiring only connections to the data bus, power source and the flight test system.

OPTIONAL HYBRID VERSION:  A hybrid version is available for use where space
and weight limitations are critical.

The simplified functional block diagram of the PBM-1553 unit is shown in Figure 7. The
bus receivers (2) are required to provide the coupling and signal conditioning for interface
to the data bus. The word decoders accept the conditioned bus signals and perform error
checking, identification and validation of the command data and status words. Two
decoders are required to provide redundant operation which allows bus switchover under



control of the bus controller as specified in 1553B. The message processor and EPROM
perform the message identification and tracking, message selection, interface to time tag
generator and interface-to-buffer memory. The time generator/control logic provides an
internal 16-bit time counter with programmable rates. A 32-bit parallel time input port is
provided if an external time code is desired. The data bus word buffer memory can store
up to 240 unique messages of up to 4 words each allowing a total of 960 words to be
selected and stored. The number of messages may be decreased to allow more words per
message within the 960 word limit. The buffer memory is expandable if more storage is
required.

Programming is accomplished in two tiers of programmable memory. The first tier
identifies the messages of interest via the RT address, T/R bit, and subaddress of the
command word which initializes that message. The second tier provides the word lists (up
to 240) for selecting the words desired from each message.

The PBM 1553 is compatible with most state-of-the-art test systems. Output is via a single
parallel port, 8 or more bits in length. An internal “Pre-formatter” utilizing an EPROM
stored sequence simplified interfacing to three timing signals:

- Data Request
- Word Rate Clock
- Major Frame Clock

For test systems which can provide remote address outputs, (8 address bits plus one strobe
minimum), the PBM 1553 is available without the Pre-formatter to allow direct remote
addressing from the test system’s central formatter. VECTOR PDS-700 systems utilize
this configuration to support remote signal conditioning/multiplexing.



FIGURE 1 - PART OF THE FLIGHT TEST INSTRUMENTATION SYSTEM,
THE MONITOR, OR INTERFACE UNIT, IS NEEDED TO ACQUIRE AND
FORMAT INFORMATION FROM OTHER VEHICLE OPERATIONAL
SYSTEMS.



FIGURE 2 - THE BUS CONTROLLER (BC) INITIATES COMMUNICATIONS
TRANSACTIONS (MESSAGES) BY ISSUING COMMANDS TO SELECTED
RT’S. THE RT’S ACCEPT DATA OR TRANSMIT DATA AND RESPOND WITH
STATUS. THE BUS MONITOR ACCEPTS SELECTED COMMANDS, DATA
AND STATUS FOR OFF-LINE USE AND DOES NOT NORMALLY RESPOND
TO THE BC. A SINGLE TWISTED-PAIR TRANSMISSION LINE CAN BE
USED, BUT MOST MILITARY SYSTEMS REQUIRE AN ADDITIONAL BUS
FOR REDUNDANCY. ADDITIONAL REDUNDANT BUSES (DOTTED LINES)
MAY BE ADDED FOR FLIGHT-CRITICAL SYSTEMS.



FIGURE 3 - ALL WORDS CONSIST OF 20 BITS WITH THE FIRST 3 BITS
ASSIGNED FOR WORD SYNC AND THE LAST BIT IS DESIGNATED PARITY.
THE THREE WORD TYPES ARE SHOWN.



FIGURE 4 - THE BASIC INFORMATION TRANSFER FORMATS DEFINED BY
MIL-STD-1553.

FIGURE 5 - MODE COMMAND INFORMATION TRANSFER FORMATS.



FIGURE 6 - A TYPICAL AIRCRAFT SYSTEM APPLICATION SHOWING
CONNECTION OF FLIGHT TEST SYSTEM TO THE BUSES.



FIGURE 7 - SIMPLIFIED BLOCK DIAGRAM OF THE VECTOR PBM-1553
PROGRAMMABLE BUS MONITOR... DESIGNED TO PROVIDE FLEXIBLE
ACCESS TO DATA BUS INFORMATION FOR THE FLIGHT TEST SYSTEM.


