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ORB Operation Request Block

(O Operating System

PCM Pulse Code Modulation

PDU Protocol Data Unit

PS Program Streams

RCC Range Commanders Council

RFC Request FoComment

RIU Remote Interface Unit

RMM Removable Memory Module

RS Recommended Standard

RTC Relative Time Counter

SAM SCSI Architecture Model

SBC SCSI Block Commands

SBP Serial Bus Protocol

SCSI Small Computer Systems Interface

SD Standard Definition

SLP Savice Location Protocol

SPC SCSI Primary Commands

SPT SCSI Pass Through

SRB SCSI Request Block

STANAG Standardization Agreement

TCP Transmission Control Protocol

™ Telemetry

TMATS Telemetry Attributes Transfer Standard
TS Transport Stream

UART UniversalAsynchronous Receiver and Temitter
UDP User Datagram Protocol

WMUX Weapons MUX
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CHAPTER 10

DIGITAL RECORDING STANDARD
10.1 General

A large number of unique and proprietary data structures have been developed for
specific data recording applications whigguired unique decoding software programs. The
activities of writing unique decoding software, checking the software for accuracy, and decoding
the data tapes are extremely time consuming and costly. In the late 1990s, the test ranges started
to see themplementation of noitapebased, higidatarate recorders, the most predominate of
which were soliestate memory devices. Then, as higiarate digital recorders were fielded
and as solid state technology began to emerge, the Telemetry Group (TiG¢ seed and
formed an ad hoc committee for a compwdempatible digital data acquisition and recording
standard.

There is a need for a digital data acquisition and recording standard (see the functional
layout at Figurel0-1) that supports a broad range of requirements, including:

Data download and interface.

One or more multiplexed data streams.
One or more single data streams.

Data format definitions.

Recorder control.

Media declassification.

Data interoperability.

@roaoop

Specfically, this digital recording standard shall be compatible with the multiplexing of
both synchronous and asynchronous digital inputs such as pulse code modulation (PCM) and
MIL -STD-1553 data bus, time, analog, vidé@ronautical Radio, INndARINC) 429, discrete,
and R$S232/422 communication data. This digital recording standard will allow use of a
common set of playback/data reduction software to take advantage of emerging random access
recording media.

N OTV Within this standard, where text andfogures are used to provide

descriptions, meaning, and/or explanatjdhs text shall take precedenc
over figures.
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10.1.1  Interface Levels The purpose of this chapter is to establish a common interface
standard for the implementation of digital datajuisition and recording systems by the
organizations participating in the Range Commanders Council (RCC). This standard does not
imply hardware architecture such as the coupling of data acquisition, multiplexing, and media
storage. The required intade levels are contained in this standard (see a through e below). In
addition, declassification requirements are discussed in paratPaplyround based recording

is discussed in paragraff.1Q anddata interoperability requirements are discussed in
paragrapiO.11.

a. Data Download and Electrichiterface, which is the physical interface for data
access, is defined paragrapii0.4

b. Interface FileStructure, which defines data access structure, is described in
paragrapt0.5

c. Data Format Definition, which defines data types and packetization requirements,
is defined inparagraptiO.6

d. Recorder Control and Status, which defines command and control mnemonics,
status, and their interfaces, is describeplaragrapii0.7.

e. Institute of Electrical and Electrors&ngineergIEEE) 1394B Interface to
Recorder Removde Media is defined iparagrapti0.9

f. Ground Recorder Interface, which defines unique interoperability requirements of
a ground recorder, is describedparagrapti0.1Q

g. Data Interoperability, whichefines requirements for the annotation,
modification, and exchange of recorded data, is describearagrapio.11
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10.2 Definitions/Acronyms

The following are definitions and acronyms which are used in this standard and are
provided as a means of removing ambiguities within the standard.

Absolute Time: Is a hypothetical time that either rungtad same rate for all the observers in
the universe or the rate of time each observe
by a constant.

AET: Audio Encoding Type
ARINC: Aeronautical Radio, Inc
ATA: Advanced Technology Attachment

Basic (haracter Set (BCS): Based on ISO/IEC 10648, the Universal MultipleDctet Coded
Character Set (UCS). Tidorth Atlantic Treaty Organization (NATO) Imagery Interoperability
Architecture (NIIA)limits characters to a subset rather than allowing all ctersacThe subset
will be single octets, known as the Basic Character Set (BCS).

Block: The smallest unit of addressable memory that can be written tdroeadand/or erased
Bad Block: A block determined to be unreliable for storing user data.

Bad Block Table: A table of bad block entries for a memory board. The data stored in the entry
identifies the chip and block number of the bad block. The table entry also contains a flag field.

The flag field is used to determine the circumstance in whiglall block was detected. It also
provides a flag indicating whether the corres
Erased. 0

Byte: A contiguous set of 8 bits that are acted on as a unit.

Channel ID: A unigue value assigned to each channelsgstem. Each channel must have a
unigue Channel ID (data channels and playback channels).

Channel Specific Data Word A required word for each data type channel that has data
specific information.

Commercial Off-The-Shelf (COTS) Media: Any recording mei (such as hard disks, solid
state drives, RAID, and JBOD) that is readgde and available for sale to the general public. In
the context of this standard, all COTS Media shall conforpatagraph0.3.10with the
exceptionof Ground Based Recorders COTS Media.

COTS Media Interface: Any recording COTS Media interface (such as PATA, SATA, SCSI,
IEEE-1394, USB, Ethernet) that is reathade and available for sale to the general public.

Data Streaming: Streaming of current value data whether it is being recorded or not, and
playback streaming of recorded data from a file. Data Streaming sends the data to one or more
destinations simultaneously (e.g., recording media, recorder data interfaces).

DCRsi: Reference AMPEX Data Systems Corp.

Ground Based Recorder: RecordsRCC 106 Chapter 10 data and may optionally reproduce the
recorded data. It supports the same data format and remote command and control operations as
an OnBoard Recorder. Instead of RMM, a ground recorder will generally use COTS media
andor data streaming to a network. Ground Based Recorder requirements to be in 100 percent
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compliancywith this standard are definedparagrapti0O.3

IEEE-1588 Time: Time & specified by IEEE Std 1588002, @A1588 | EEE St and
Precision Clock Synchronization Protocol for

FC-PI. Fibre ChannePhysical Interfaces.
FC-FS: Fibre ChanneFraming and Signaling.

Intra -Packet DataHeader. A header containing time, status, and/or data information for the
tagging of data inside a packet.

IAW: In Accordance With.

JBOD: Just a bunch of disks.

Long Word: A contiguous set of 32 bits that are acted on as a unit.

Isb: The Al eaanht sbhighofof a series of bits.

LSB: The #fAl east significant bytedo of a series of
LSW: The Al east significant wordo of a series o
LSLW: The #dAl east significant | ong wordo of a ser

Mandatory: Defines a Mandatory requirement of this standard for full compliancy. Mandatory
requirements as defined in this standard are
paragraptO.l

MAS: Military Agency for Standardizatin

Magic Number: An identifier for the directory block. This identifier is a value chosen to
support discovery of lost directory entries and directory reconstruction after a fault.

Memory Board: Printed circuit board containing flash memory devices tsatbre user data.

Memory Clear: Rendering stored information unrecoverable unless special utility software or
techniques are used.

Memory Declassification: Administrative decision or procedure to remove or reduce the
security classification of the su#gt media.

Memory Sanitization: The removal of information from information system media such that
data recovery using known techniques or analysis is prevegtadtizing includes the removal

of data from the media and verification of the acti®nopely sanitized media may be
subsequently declassified upon observing the organization's respective verification and review
procedures.

MISM: Motion Imagery Standards Matrix.

msh: The fAmost significant bito of a series of &
MSB: The fAmost significant byteo of a series of
MSW: The Amost significant wordo of a series of
MSLW: The fimost significant | ong wordo of a ser
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Multiplexer: The entity that includes all the inputs, control interfaces, and functionality
required to properly record data.

NADSI: NATO Advanced Data Storage Interface.

NATO: North Atlantic Treaty Organization

NIIA:  NATO Imagery Interoperability Architecture.

Non-volatile: Memory media that retains data when power is removed.

On-Board Recorder: An On-Board Recorder is the basis and original justification foRG€
106 Chapter 1&tandard. OiBoard Recorder requirements to be in p@dcentcompliancy
with this standard are defined jparagrapfio.3

Optional: Defines aroptional requirement of this standard but is not required for full
compliancy. Optional requirements as defined
and are defined iparagrapi0.1 When optional requirements are implemented they shall be

IAW with this standard.

Packet Encapsulates a block of observational and ancillary application data to be recorded.
Packet Generation: The placing of observational and ancillary data into a packet.

Packet Generation Time: The time period from when the first bit of observational and
ancillary data was placed into a packet until it is no longer being placed into the packet and the
packe is closed.

Packet Header Identifies the source and characteristics of the data packet and encapsulation
environment.

Packet Secondary Header Contains the Packet Header time.

Page Storage unit within the flash device. A page is the smallest storage unit that can be
written.

PATA: Parallel ATA.

PCM: Pulse code modulation

Playback See Replay

Quad Word: A contiguous set of 64 bits acted on as a unit.

RAID: Redundant Arrays dhdependent Drives/ Redundant Arrays of Inexpensive Disks.
RMM: Removable Memory Module

RR: RT to RT Transfer.

Reconstructiort The output of a recorder where the timing and data content of the output signal
is identical to the timing and data contentldd originally recorded signalThis is generally the

case where the input signal is captured using digital sampling techniques. (Also see
Reproduction.)

Recorder. Is used where a function or requirement shall apply to both aBdard Recorder
and a gound based recorder.
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Recording: Is defined as the time interval from first packet generated (which by mandatory
requirements is a Computer Generated Data Packet Format 1) and committed to the recorder
media to the last packgenerated and committed to the recorder media. Packet Generation
Time and Stream Commit Time, as defined within the standard, apply.

Relative Time Counter (RTC). A free-running binary counter common to all data channels.
The counter shall be derivedm an internal crystalszillator and shall remain fre@nning
during each recording. The apgalble data bit to which the 48t value applies will be defined
in each data type section.

Removable Memory Module (RMM): The element of th®n-BoardRecordetthat contains
the stored data.

Replay: The virtual reconstruction of a recorded sigriBhis virtually reconstructed signal
exists for the purposes of display, presentation, extraction or retransmission.

Reproduction: The output of a recorder wte the electrical characteristics of the output signal
are identical to the characteristics of the originally recorded sidinas is generally only
achievable when the input signal is captured using analog recording tech{idsesee
Reconstructiohn

SATA: Serial ATA.
SCSI: Small Computer Systems Interface.

Setup Record TMATS IAW RCC 106 Chapte® annotated in the Computer Generated Data
Format O packet.

STANAG: Standardization AgreememMATO.

Stream: All packets from all enabled channels (including Computer Generated Data) that are
generated until the end of a recording.

Stream Commit Time: The time span in which all Generated Packets must be committed to a
stream.

TMATS: Telemetry Attributes Trarfier Standard as defined RCC106 Chapter 9.
UCS: Universal MultipleOctet Coded Character Set.

USB: Universal Serial Bus.

Word: A contiguous set of 16 bits acted on as a unit.

10.3 Operational Requirements

10.3.1 Recorder Compliancy Requirementsigure10-2 represents the mandatory recorder
requirements to meet 1@@rcentcompliancy with this standard. Meeting these compliancy
requirements guarantees interoperability of recorders, recorder media and recorded data.
Optionalfunctions and/or capabilities are not shown but when implemented in a recorder shall be
in accordance with the definitions in this standard in order to megiel@@nicompliancy of

this standard.
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10.3.1.1 On-Board Recorder Mandatory Compliancy Requieats See Figure 1@.

Applicable Function/Capability
Compliancy
Paragraph
RECORDER ELECTRICAL INTERFACES
10.3,10.4 Fibre Channel and/or IEEE394B Data Download Port
10.3, 10.7 Discrete Lines and/or R332 and 422 Full Duplex Communication
10.3 External Power Port
RECORDER DOWNLOAD INTERFACE PROTOCOLS
10.4,10.9 Fibre Channel SCSI and/or IEEEB94B SCSI/SBR
RECORDER CONTROL/STATUS INTERFACE PROTOCOLS
10.7 Discrete Control/Status and/or R32 and 422 Control/Status
RMM ELECTRICAL INTERFACE AND POWER
10.3, 10.9 IEEE-1394B Bilingual Socket
COTS MEDIA ELECTRICAL INTERFACES
10.3 COTS Media Interface
RMM INTERFACE PROTOCOLS
10.9 IEEE-1394B SCSI/SBR
COTS MEDIA INTERFACE PROTOCOLS
10.3 COTS Media Interface
RECORDER MEDIA /RMM/COTS MEDIA INTERFACE FILE
STRUCTURE
10.5 Directory, File Structures and Data Organization
10.3.7 Directory and File Table Entries
PACKETIZATION AND DATA FORMAT
10.6 Packet Structures, Generation, Media Commitment and Time Stamping
10.6 Data TypeFormats
DATA INTEROPRABILITY
10.11 Original Recording Files

Figurel0-2. On-board recorder mandatory compliancy requirements
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10.3.1.2 Ground Based Recorder Mandatory Compliancy Requirem&ats Figure 143.

Applicable Function/Capability
Compliancy
Paragraph

RECORDER ELECTRICAL INTERFACES

10.10 Ethernet

RECORDER REMOTE INTERFACE PROTOCOLS
10.10, 10.4 iISCSI and/or TELNET

COTS MEDIA ELECTRICAL INTERFACES

10.10 COTS Media Interface
COTS MEDIA INTERFACE PROTOCOLS
10.10 COTS Media Interface
REMOTE DATA ACCESS INTERFACE FILE STRUCTURE
10.5 Directory, File Structures, and Data Organization
10.3.6 Directory and File Table Entries
PACKETIZATION AND DATA FORMAT
10.6 Packet Structure§seneration, Media Commitment, and Time Stamping
10.6 Data Type Formats
DATA INTEROPRABILITY
10.11 Original Recording Files

Figure 163. Groundbased recorder mandatory compliancy requirements

10.3.2  RequiredConfiguration AnOn-Board Recorderas a minimum, shall provide the
following functionality:

a. Data Download port.

b. Recorder Control/Maintenance port.

c. External power port.

The required data download port interface shall be pafagrapii0.4 This
combination will allow data extraction and transfer from any recorder tpamagrapti0.4
compliant intermediate storage unit. The required control port interface shall be IAW
paragrapfi0.7.

10.3.3  Exclusions to StandardThe physical size, configuration, and form factor for the
On-Board Recordeand the RMM are not controlled by this standard. Due to the variation in
capacity/rate/cost requirements of the users, this staddasinot specify the technology to be
used in the RMM or th®n-Board Recorder

10.3.4 Internal System Managemenfny processing performed on the stored data by the
On-Board Recordefe.g., for the purposes of internal system management, error detaation
correction (EDAC), physical frame formatting, etc.) shall be removed from the stored data when
the stored data is downloaded or transferred from storage media.

10.3.5 Data Download On-Board Recordermay have an RMM capability or tx-Board
Recordercan be removed from the acquisition platform and taken to a ground station for data
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download. ReferengearagraptiO.4.1for recorder download and electrical interface,
paragraph0.9for RMM interface, angharagraptiO.11for data transfer and file management.

10.3.6  |IEEE-1394b Interface to Recorder Medi&erial Interface to OBoard Recorder
media shall be accomplished utilizing IEEB94b interface. A ninpin IEEE-1394b interface
shall be provided on the media to allow direct download of data to host computer or storage
device.

10.3.7 Required File Tables EntriedVithin paragrapli0.5 Tablel0-3f Fi | efSk izleg 0
Create Date, o0 AFile Create Time, 0 and AFil e C
(filled with Ox2D) if data is unavailable. Tahl®-3 has been adopted from STANAG 4575 but

inthe case dRCC106Chapt er 10 wunl es sFF(TimeDat@d Packetgandityep e 0 i s
Time Data Packet source is OxF (None) date and time will always be available.

10.3.7.1 File Table Entry Conditionsl|f Tablel0-2A Sh ut d o wnOaFFamakl huee @i Tsi me
Typeo is OxFF and the Time Data Packet source
Create Timeo and nFile Close Timeo entries sh

If Table10-2A Sh ut d o wnOx00 anat | huee fi Tsi me FFaydpghe dime s 0 x
Data Packet source is not OxF AFileSize, o0 AFI
Ti me o0 e nt fillederstheis dntadtyl be

10.3.8  Recorder Configuration FileA recorder setup configuratidibe can reside on the
recorder or optionally reside in the RMNRecorder setup configuration must be IARZC 106
Chapter9. Recorder setup configurations shall be programmed IAW pathgraphL0.7 of this
standard.Optionally the recorder can be configured from a Cha@eonfiguration file

residing in the RMM.The RMM recorder configuration file will have priority over setup records
residing in the recorder.

10.3.8.1 Recorder Configuration File LocationWhen asetup record transfer to a recorder is

made via the RMM Computer Generated Data, Format 1 Setup Record packet(s) will be used.

The RMM shall contain a ADirectoryo and one #
paragrapti0.5.2

a. All Directory Block Format fields shall be I1AWable10-2. The field An
Entrieso value shalll be 1.

b. All Directory Entry Format fields shall be IAWable10-3. The field ATI
Typeo vadleud xDHMal ISystem Ti me. The field

recorder_configuration_file_SAVE_n

This will notify the recorder to use the Recorder Configuration Transfer File for the
next recording and store the setup information contained within the filenteatatiie memory
in the recorder preefined setup location n, where n is a valu-@6. This shall be the
equivalent of sending . TMATS SAVE [n] and .SETUP [n] commands.

10.3.8.2 Recorder Configuration File Structur&@he Recorder Configuration File structure
will only contain Computer Generated Data, Format 1 Setup Record packets. More than one
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packet is allowed only if the required recorder configuration information exceeds the packet size
limits in paragraptL0.6.] thus forcingmore than one Computer Generated Data, Format 1 Setup

Record packet. The standard method of using the sequence counter will be utilized until all the
configuration information has been packetized.

10.3.8.3  Configuration of Rcorder from RMM A setup record may sele in the RMM and
be utilized for configuration of the recordek. Computer Generated Data, Format 1 Setup

Record packet(s) wilbeused.he RMM shal | contain a fADirector
Bl ock Fi | eparBgnapiOyp@ | AW
a. All Directory Block Format fields shall be IAW tabl-2. The field 0
Entriesodo value shall be 1.
b. All Directory Entry Format fields shall be IAW tabl®-3. The field A°
Typeo value shall be 0x01, System Ti me

recorder_configuration_file_ SETUP_RMM

This will notify the recorder to configure from the RMMhe recorder
configuration file shall NOT be able to be erased by the recorder .ERASBECRETE
command.

10.3.9 Recorder Data Streaming TranspdbataStreaminglransport may be

accomplished across tparagrapii0.4Recorder Download and Electrical Interfaces using the
definitions inparagraph0.3and commands IRCC 106 Chapter 6. For Ground Based

Recorders, this will be accomplished across the required Remote Data Access Ethernet Interface.

10.3.91 Ethernet Ethernet is an optional interface for-Board Recorders; howeverjsta
required interface for GrouABased Recorderpéragrapii0.10 IAW paragrapii0.4 This
Ethernet interface can optionally be used for Data Streaming using User Datagram Protocol
(UDP). This willbe accomplished with tHRCC 106 Chapte6 PUBLISH command and the
following structure added to UDP packets witliragraphL0.6(Data FormabDefinition) packets.

10.3.91.1 Ethernet Packet Payload Byte Ordd&ie byte ordering whin the UDP packet
payload shall be IAWaragraphi0.5.3.2 This UDP packet payload shall include the UDP
Transfer Header and tRRCC 106 Chapter 1data.

10.3.9.1.2 UDP Transfer HeaderNetwork broadcasting limitationg paragraphL0.6packets

(up to 128M bytes or 512K bytes) across Ethernet will require use of an added packet
transmission UDP Transfer Header. This is required as partial packets or partial out of order
packets may be broadcastd will be missing information required for data reconstruction at the
subscriber.
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The structureshown atFigure10-4 shall be used for UDP Transfer Headers in UDP

packets containing one or more fRICC 106 Chapter 10 data packets:

MSW LSW
WORD 1 | WORD 0
msb Isb
31 8|7 4|3 0
UDP Message Sequence Number Type of Version
message

Figure 164. UDP Transfer Header for nesegmented data.

The structuret Figure10-5 shall be used for UDP Transfer Headers in UDP

packets containing a segmenf@C 106 Chapter 10 data packet:

MSW LSW
WORD 1 \ WORD 0
msb Isb
31 8|7 43 0
UDP Message Sequence Number Type of Version
message
WORD 3 | WORD 2
msb Isb
31 24|23 16|15 0
Reserved Channel Sequence Channel ID
Number
WORD 5 \ WORD 4
msb Isb
31 0
Segment Offset

Figure 165. UDP Transfer Header for segmented data.

T Version (4 bits)

0000: Reserved
0001: Version 1
00101111: Reserved

1 Type ofMessage (4 bits)

0000: Full packets.
0001: Segmented.
00101111: Reserved.

1T UDP Message Sequence Numbg24 bits). Binary value incrementing by one
for each UDP message even if segmerRGEC 106 Chapter 10 packet.
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1 Channel ID (16 bits). Segmented &eaets Only, Channel ID of the data in the
RCC106 Chapter 10 packet.

1 Channel Sequence Numbg@ bits). Segmented Packets Only, Channel
Sequence Number of the data in R€C 106 Chapter 10 packet.

1 Reserved (8 bits). Reserved.

1 Segment Offset (32 bis). Segmented Packets Only, Position of the data in the
RCC 106 Chapter 10 packet.

10.3.9.1.3 UDPRCC106Chapter 10 Packet TransfeWwhenmore than one complete

Chapterl0 packet is contained within a UDP packet, there shall be an integral number of
Chapter 10 packets. Chapterddrkets shall be sent in the same sequence as recording segment
of a packet and shall be ordered (segment offset incrementing). Edar@d Figure10-7

present the sequence of the general UDP network broadcast of full or segmented packets.

T  When using IPv4, total length of message shall be less
than 32768 42 (IP + UDP header) = 32726.

T  When using IPv6, the use of jumbograms removes the need of segiR&ted
106 Chapter 10 packets so a jumbogram shall always contain an integer number
of RCC 106 Chapter 10 packets.

1 Stream Commit Time applies to recorders using Ethernet Data Streaming
Trangort.

UDP HEADER
UDP TRANSFER HEADER
RCC106CHAPTER 10 PACKET 1

RCC106 CHAPTER 10 PACKET n
Figure 106. General UDP Network Broadcast (full packet).

UDP HEADER
UDP TRANSFER HEADER
RCC106CHAPTER 10 PACKET Segment

Figure 107. General UDP Network Broadcast (segmented packet).

10.3.10 COTS Media In conjunctionwith an OrBoardRecorder and/ca multiplexer
when a RMM or internal OBoard Recorder media is nased COTSmedia can be used for
recording media. The COTS Media shall be accessible at a minimum from-fBeatth
Recorder data download port IAaragrapiiO.4and optionally byat least one COTS Media
Interface When accesng COTS Media the Interface File Structure Definition defined in
paragrapi0O.5shall be presented at the Board Recorder or COTS Media Interface.
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10.4 Data Download and Electricalinterface

At a minimum, the required recordgownload port interface (see
paragrapii0.3.9 shall be Fibre Channel or IEEE1394B and optionally Ethernet
(paragrapii0.4.3. The physical, signaling, and command protocols contained in paragraphs
10.4.1and10.4.2are a subset of, aradlapted from the North Atlantic Treaty Organization
(NATO) Military Agency for Standardization (MAS) Standardization Agreement (STANAG)
NATO Advanced Data Storage Interface (NADSI) Numbefsi6STANAG 4575).

104.1 Fibre Channel (FC) Recorder Download Interface

10.4.1.1 Physicaland Signaling The interface shall comply withC-PH (Physical Interfaces)
andFC-FS (Framing and Signaling) paragraptL0.9 with configuration options as specified.

a. Physical Media Fibre Channel copper interface will be utilized.

b. Signaling Rate The transmission signaling rate shall be 1.0625 Gbaud.

10.4.1.2 Command ProtocolThe interface shall conform to the requirementhefFibre

Channel Private Loop SCSI Direct Attach @PCDA, ANSI NCITS TR191998)

interoperability, except as defined herein. Table 17 6PEDA specifies a control protocol

using a subset of commands, features, and parameters defined for the Smate€C8ygiam

Interface (SCSB).00 Table 17 of FEPLDA also defines the command feature and parameter
usage categories of ARequired, o AAll owed, 0 dl
Initiator and Target. These definitions assume that the Targahiagnetic disk drive or

equivalent device.

The control protocol must support a number of data storage media types. Only the
minimum set of SCSI commands needed to download mission data from a memory cartridge are
defined as {PBEAGCSIconendnds) featuFe§ and parameters not defined as
ARequiredo for this standard, are redefined a
appropriate.ln addition, it is recognized that numerous applications will be required to write to
the Removabl®&emory Module (RMM) as well. Commands required to format and/or write to

a RMM are defined as fARecommended. 0O These co
Standardization Agreement (STANAG) 4575 RMM implementation. However, if the functions
are incorporatechit o an application, the fARecommended?o

proliferation of uni que CcRLDMSECS dosnmandsAfeéaturespt her
and parameters not defined as ARequiredo or i
asi Al l owedo such that they may 10derovidesghéfavanent e d
ARequiredod STANAG 4575 SCSI oommanmas dan & ntdwa h
features and parameter usage definitions. NA€O AdvancedData Storage Interface

(NADSI) compliant recorders may respond to the Inquiry command with a 00h SCSI Version

code and the ground/shipboard NADSI host must be prepared to accept this response and restrict
SCSI commands issued to the STANAG 4575 mandagiry s

The RMM shall provide Fibre Channel Responder functionality and the NATO ground

station shall provide Fibre Channel Originator functionality. The RMM shall also provide SCSI
Target functionality and the NATO ground station shall provide SCSI Initiatatinality.
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When an RMM is powered up directly through the NADS Interface, the RMM shall
automatically initialize into a mode where the NADSI port is active and is the priority data and
control interface.

TABLE10-1. A REQUI REDO AND ARECOMMENMANDS) S
FEATURES, AND PARAMETERS

FEATURE (COMMAND) INITIATOR | TARGET* | NOTES

INQUIRY I R
Standard INQUIRY data (bytes3b) I R
EVPD= 1 I R
Enable Vital Product Data page codes:

0x00 (supported vital product pages)

0x80 (unit serial number page)

0x81 (implemented operations definition pg)
0x82 (BCS implemented operations def pg)
0x83 (device identification page)

READ (10)
DPO
DPO
FUA
FUA
RelAdr
RelAdr

NN PR P

TH—————

PORFR,RORFrRO

READ CAPACITY
RelAdr
RelAdr
PMI
PMI

TEST UNIT READY
REQUEST SENSE

WRITE (10)
DPO
DPO
FUA
FUA
RelAdr
RelAdr

FORMAT UNIT
FMT DATA
CMPLST
DEFECT LIST FMT
INTERLEAVE

R OPEFr O

NN R RPN

PORFRLORFRO

4,5

>0 0OP>PP>P>O|N|(V|(P>POVDVOVDI| TO>PPP>P>O(0>>>00

————-0|70-——-0
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NOTES:

1. The Disable Page Out (DPKQJ) is associated with a device data caching policy.
2. The Force Unit Access (FUA) bit is associated with whether the device may or may
return the requested Read data from its local cache.
3. Relative Offset is prohibited, since this requires #eaf linking, which is prohibited.
4. All RMMs not supporting Recommended or Allowed commands shall respond to the
commands with an appropriate error response and shall not cease operations.
5. The FORMAT command shall implement an initializationhef target device such that tk
entire user memory space shall be writable. After performing this command, the conter
the memory may be indeterminate.

*LEGEND
P = Prohibited: The feature shall not be used between NADSI compliant devices.
R = Required:The feature or parameter value shall be implemented by NADSI complian]
devices.
C = Recommended: The feature is recommended and shall be used for applications re
the functionality of these commands. The initiator determines if a recommended
feature/parameter is supported via a required discovery process or a minimal response
recipient.
A = Allowed: The feature or parameter may be used between NADSI compliant device
initiator determines if an Allowed feature/parameter is suppoited vequired discovery
process or a minimal response by the recipient.
| = Invokable: The feature or parameter may be used between NADSI compliant device
recipient shall support Al nvokabl ed f asa
defined by the appropriate standard.

10.4.2 IEEE-1394B Recorder InterfaceThe IEEE1394B recorder download interface shall use

the same mechanisms@aragraph0.9where applicable.

10.4.2.1 Physical and SignalingThe interface shall allow control of Vendor Specific
Recorder devices. The command protocol shall be 1&AM.1.2and Tablel0-1.

10.4.2.2 Recorder CommunicationThe fundamental method of commicating shall be in

accordance to the IEEE 1394B protocol. Packets sent and received shall be asynchronous

transmissions. IEEE394B packets shall encapsulate Serial Bus Protocol-g3Bitmatted
packets for the transport of commands and data. Reaesiees are to use SCSI command
set(s) and therefore SCSI commands and status shall be encapsulatei@/&8ation
Request Blocks (ORB).

N OTV

SBR2 provides for the transport of 6, 10, andliy2e SCSICommand
Descriptor Blocks within a command ORB.
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10.4.3 Ethernet Recorder Interfacd he OnrBoard Recorder Ethernet interface shall use iISCSI
protocol. This will allow common SCSI protocols across Fibre Channel,-IEBREB (SPB2)

and Ethernet (iISCSI) recorder download interfaces. The iSCSI protdlcbéwnplemented as
the Host Ground System acting adritiator and the recorder acting as tlaeget

Ground Based Recorder Ethernet interface shall use the TELNET protocol. As a
minimum requirement, the TELNET interface will implement Internetibg®ying Task Force
(IETF) RFC 854 (TELNET Protocol Specification), RFC 855 (TELNET Option Specification),
and RFC 1184 (Line Mode OptionT.he protocol will supporRCCL06 Chapter 6 Command
and Control Mnemonics (Referent®.7.8) over a TCP/IP connection on port # 106 Tthe
TELNET interface must respond with a A*0 when

10.4.3.1 Target LUN AssignmentsThe following iSCSI target LUN assignments shall be
used:

a. LUN 0 or 32shall be used for recorder data downloadpaeagrapii0.5
interface.

b. LUN 1 or 33shall be used for recordR&CC 106 Chapter 6 Command and
Control Mnemonics (Referend®).?).

10.4.3.2 Naming and AddressingThe Host Ground Syam (initiator) and Recorder (target)
devices on the network must be named with a unique identifier and assigned an address for
access.TheiSCSl initiators and target nodes can either use an iSCSI qualified name (IQN) or an
enterprise unique identifier (H). Both types of identifiers confer names that are permanent and
globally unique.

Each node has an address consisting of the IP address, the TCP port number, and
either the IQN or EUl name. The IP address can be assigned by using the same methods
commonly employed on networks, such as Dynamic Host Control Protocol (DHCP) or manual
configuration.

10.4.3.3 Physical and SignalingThe interface shall allow control of VenddniqueRecorder
devices. The command protocol shall be IAW/4.1.2and TablelO-1.

10.4.3.4 Recorder CommunicationThe fundamental method of communicating shall be in
accordance to the iISCSI protocol. Packets sent and received shall be asynchronous
transmissions.

10.5 Interface File Structure Definitions

The definitiors in this paragraph are a subset of, and were addpiedSection3 of
STANAG 4575, File Structure Definition. This file structure was selected to facilitate host
computing platform independence and commonaRy.incorporating an independent file
structure, backward and forward compatibility is ensured for the life of the standard.

NOTV This section duplicates text from STANAG 457&ny definitionin this

standard that varies from the STANAG 4575 text is notedNIOTE
box. The text ina NOTE box takes precedence over the text from
STANAG 4575.
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NOTE This file structure definition does not define how data is physically sto
on the recorder media but provides a standardized method for access
stored data at the interface. Data can be organized in any way appro
to the media, including mugtle directories, as long as the file structure
IAW paragraphl0.5is maintained or seen at the interface
(paragrapiiO.4.

10.5.1 Data Organization A datarecordingcan contain a single file, whick composed
of one (1) or more types of packetized data, or multiple files, in which one (1) or more types of
data are recorded simultaneously in separate files. For a recording file to be in compliance with
this standard, it must contain as a minimumfdtiewing:
a. Computer Generated Packet(s), Setup Record Format Ipbxegraph0.6.7.2
as the first packets in the recording.
b. Time Data Packet(s) IAWaragraph0.6.3as the first dynamic packet aftibe
Computer Generated Packet, Setup Record.
c. One (1) or more data format packets |AdakagraptiO.6

Multiple recordings may reside on the media, and each recording may contain one
or more compliant files.

10.5.1.1 DataHierarchy The data hierarchy used to define the data stored according to this
standard shall have the following structurdatienships (highest to lowest). See FigloeS.

a. Directory. One or more directory blocks of datomprising a list of all Data
Files located under the guidance of this Standard. Also contains supporting data
that may be of interest to those manipulating the Data Files. The list of files is
made up from AFi |l e Ent r itatsatlagical alldiess Di r e «
zero of each directory block.
b. Directory Block A memory block containing file entries and other metadata.
c. Directory Block File Entry A fixed length data structure used to describe files.
It contains the name, the starting addrése number of blocks of data assigned
to the Data File, the total number of |
creation date and time. It also contains a reserved field for future growth and
file close time.
d. Data Files Data files are comjzed of user data, presented at the interface in
monotonically increasing contiguous logical addresses per file. Thus if a file
starts at logical address X, the next location containing file data must be at the
next logical address, X+1, and the next tawaafter that must be at the next
logical address, X+2, etc.
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Directory Directory
Block

Logical Block Address 0

Logical Block Address 1 Magic Number
. Revision Number
Logical Block Address n Shutdown
# of File Entries (n)
Block Size » Fixed 64 Bytes
Volume Name
Forward Link
Reverse Link .
S FieEmiyR T FieName Data File
File Entry R + 1 File Start Address
Variable Length as File Entry R +2 File Block Count
defined in “# of File
Entries" Q00 File Size
Padding to next alo ol Creato Date
block size boundary Padding Create Time
Time Type
Resarved

File Close Time = Fixed 112 Bytes

Directory
Block
File
Entry

Figure 168. Directory structure.

10.5.2 Directory Definition Thenameand location information for all files recorded is

illustrated inFigure10-8). The Directory is composed of one or more directory blocks as shown
in Figurel0-9. At least one Directory Block is required and it must be located at SCSI logical
block address 1Logical block address 0 reserved

DIRECTORY BLOCK

Figure 109. Directory block

a. DirectoryFixed Fields The fixed fields within a directory block are used to
name the volume of data, identify the number of entries, and to provide pointers
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to other addresses that contain additi@i@ctory blocks. Forward and
backward links to the next address for the next Directory Block (if any) or the
preceding Directory Block (if any) allow for directory expansion beyond a
single block. This does not limit the placement of directory inftiona

Block Size The media types used to implement this standard have varying
block lengths. Some will have blocks as small as 512 bytes; others may have
blocks as large as 64K bytes or larger. The block size used by a given media
can be determined vihe SCSI Read Capacity Commagnadt defined hene

Directory to Data File Link Each Data File on the media has a directory entry
within a Directory Block that describes the file, as shown in Tabi2 The
directory entry for a Data File, as shown in Talle3, contains a link to the

startng location of the data contained in each file and the total number of blocks
assigned for the storage of data. This standard doekefioé the meaning of

the data recorded within these Data File blocks.

TABLE 10-2. DIRECTORY BLOCK FORMAT

FIELD NAME BYTES | DESCRIPTION DATA TYPE

Magic Number 8 An identifier for a directory block. The value is BCS BCS
AFORTYtwo0 (0x464F5254597

Revision Number 1 Revision number of the standard compiled by the recordi| Unsigned
system. Binary
0x01 = RCC106-03 thruRCC106-05
0xO0F = RCC106-07 or later

Shutdown 1 Flag, if cleared to a 0x00 indicates that the volume was n Unsignhed
properly dismountedf seen on poweup is an indication Binary
that the directory chain may be faulty.

If set = OxFF, then the file system properly shutdown. Th
field is only valid in the first directory located in logical
block 1; other directory blocks set to OxFF.

Number of File 2 Defines the number of file entries that follow in this block| Unsigned

Entries Binary

Block Size 4 Bytes per block size referenced in FileBIKCnt in Unsigned
Tablel10-3. Binary

VolName 32 Volume namesee character set for restrictions. (Fill any | BCS
unused VolName byte positions with 0x00.)

Forward Link 8 Block address of the next block containing directory Unsigned
information. Set equal to address of this block if this is th Binary
end of the chain.

Reverse Link 8 Block address of the directory block pointing to this block] Unsigned
Set equal tahis blockaddress if this is the start of the chai| Binary

(n File Entries) 112*n |One entry for each fil e s]|See
The maxi mum value of fino i Tablel0-3
size.

Unused Varies with | It is possible for bytes to remain between the last byte of| Unsigned

n & block | last used File Entry antié end of the Directorlock. Binary
Size These bytes ardefined atJnused and should be filled with
OxFF.
Note: 64 Bytes in fixed fields.
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TABLE 10-3.

FILE ENTRY FORMAT

FIELD NAME

BYTES

DESCRIPTION

DATA
TYPE

Name

56

File name (see character set for restrictiofsl)l.any unused
FileName Byte Positions with 0x00.

BCS

FileStartAdd

8

Zero based address of the first block reserved for data associg
with this file. Fill with OXFF for unused directory entries.

Unsigned
Binary

FileBIkCnt

One based number thatti® count of consecutive address block
reserved for data for this file including the block pointed to by {
FileStartAdd field.

Unsigned
Binary

FileSize

The actual number of Bytes contained in this file. This file sizg
be equal to or less thane FileBIkCnt multiplied by the block siz
This is an optional entry and will be filled with OxFF if not used

Unsigned
Binary

File Create Date

DDMMYYYY BCS Character values, with no embedded space
other formatting characters, representing the numeric date on
the file was created (e.g., BCS codes for the decimal digits
02092000 0x3032303932303030 represents 2 September 2
Fill with Ox2D if a value for the field is not available, or for
portions of the field where data is not available.

BCS

File Create Time

HHMMSSss Character values, with no embedded spaces or o
formatting characters, representing the numeric time at whéch
file was created. HH is the number of the 24 hour based hour
is the number of minutes after the hour, SS is the number of

seconds after the minute, and ss is the hundredths of seconds
the second. Fill with 0x2D if a value for the field is aohilable,
or for portions of the field
not available).

BCS

Time Type

A numeric code that qualifies the time and date values recorde
the ACreate Dated and ACreat
0x0 = Coordinated Universal Time (Zulu)

0x1 = System Time

0x271 OXFE Reserved

OxFF = Time Data Packet

Unsigned
Binary

Reserved

Bytes in this region are reserved for future growth. Fill with Ox

Unsigned
Binary

File Close Time

HHMMSSss Characteralues, with no embedded spaces or oth
formatting characters, representing the numeric time at which
file was closed. HH is the number of the 24 hour based hour,
is the number of minutes after the hour, SS is the number of

seconds after the mirjtand ss is the hundredths of seconds al
the second. Fill with 0x2D if a value for the field is not availab
or for portions of the field

not available).

BCS

Note: 112 Bytes in fixed fields.

d. File EntryName Each file entry in a directory shall have a unique name (See

Naming Restrictions iparagrapli0.5.3.4. Default file name is a BCS

numer

ic value incrementally
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. File Entry Singularity Multiple File entries are not permitted to refer to the

same regions of memory, partially or completely.

Directory Entries and FieldsDirectory block fields and entries shall be
logically contiguous.

Directory and Memory Region Relationshipsile Entries shall be entered
sequentially into a Directory Block as files are recorded, starting with File Entry
#1 in the Primary Directory Block (logical address 1). All File Entry positions
in the Primary Directory Block shall be filled before the first@wlary

Directory Block is used, and so on. However, there is no a priori relationship
between the memory region associated with a file entry and theqideeof

the file entry within the overall directory. For example, the very first file entry
couldrefer to the very last logical address region of memory, the second file
entry could refer to the beginning logical address of memory, and so on.
Similarly, there is no presumed temporal ordering of file enttiesvery last

entry to be inserted coulk inserted in such a fashion so as to be the first entry
encountered when traversing the directory chain of blocks

Empty Memory ReadsReads of regions of memory not containing Directory
Blocks or Data File blocks may return unpredictable data valuesoit in
other error conditions.

Contiguous Directory EntriesFile entries and all fields in a directory block are
contiguous.

NOTE

Deleted Files are not applicableR&€C 106 Chapter 10 as there are no
recorder commands that allow or provide file deletio

Deleted Files In some applications, previously recorded files may be deleted in

order to recover media space for new recordings. Deleted files shall be denoted

by marking the corresponding file entr.
indicatinghunused. 0 I f the file block count
fields in that file entry are no longer meaningful.

Reserved Field Reserved fields shall not be usedRi@C 106 Chapter 10
implementations and shall be filled with OxFF. Reserved figldsntended for
futureRCC 106 Chapter 10 use.

Number of File Entries The numerical value placed
Entrieso field of a Directory Bl ock she¢
plusanyFile Entries marked as deleted fileshuit that Directory Block.
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10.5.3 Data Definitions

10.5.3.1 Directory Byte Order The directory structures describegaragraptL0.5of this
standard are defined to have the following bit and byte orientation. The most significant byte of
any multibyte structure is byte 0. The most significant bit of each byte is bit 0. This ordering is
commonly referred to as fABig Endian. o

10.5.32 Data Format Byte OrderThe data format structur@3acket Header, Secondary

Packet HeadefChannel Specific Data WoythtraPacket Header, and Packet Trailde}cribed

in paragrapti0.60f this standard are defined to hakie following bit and byte orientation. The

least significant byte shall be transmitted first, the least significant bit of each byte shall be
transmitted first, and data is read from the lowest logical addressThis.ordering is

commonly referredtas fALi ttl e Endian. o The Packet dat a
format.

10.5.3.3  Character SetThe character set for all character fields is based on ISO/IEC
106461, the Universal MultipleDctet Coded Character Set (UCS). The NIIA limhamacters

to a subset rather than allowing all characters. The subset will be single octets, known as the
Basic Character Set (BCS).

10.5.3.4  Naming Restrictions The following rules shall be applied when forming names in
order to assure the highest dsgyof interchange among other operating systems:

a. Characters Characters from the first 127 common BCS characters
(Ox00 through 0x7E) may be used in names except for specific prohibited
characters:

1) Any BCS character code value smaller than 0x20 isilpted, except where
the 0x00 is used to terminate the name.

2) The other prohibited characters with their hexadecimal representation are
defined in Table 14.

TABLE 10-4. PROHIBITED CHARACTERS
(HEXADECIMAL REPRESENTATION)
Forbidden . .
Characters In Hexadecimal Forbidden Hexadecimal Value
Value Characters In Names
Names

0 0x22 = 0x3D
o} ox27 > Ox3E
* Ox2A ? Ox3F
/ Ox2F \ 0x5C
Ox3A ] 0x5D
X 0Ox3B [ 0Ox5B
< 0x3C | 0x7C

b. Names Names used for this interface will observe the following rules:

(1) Upper and lowercase characters are considered to be different within file
names.
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(2) Leading and trailing spaces are not permitted.
(3) Leading periods are not permitted.

(4) Names shall fill their field starting with byte O garagrapti0.5.3.1and
beterminated with a 0x00. Unused Name characters shall be filled with
0x00. Names may utilize the full length of the field, in which case the
terminating 0x00 must be omitted. Examples of host provided anditdefau
file namesare shown in Tabl&0-5.

TABLE 10-5. FILE NAME EXAMPLES

File Name Byte Address
01 2 3 4 5 6 7 8 9

o =
-
=]
w
[4)]
[}
=l
o m
=
M
w
B
[ )]

Host Provided File Name Example

RIE|c|Oo|R|D|I|N|G|1|S|E|N|S|O|R]|2||X

00 | 00 00 |00 |00 )0O0|O0C|00

10.6 Data Format Definition

10.6.1 Common Packet Element®atashallhave three required parts, a Packet Header,
a Packet Body, a Packet Trailer, and an optional part if enabled, a Packet Secondary Header.

Single or multiple channel recordings will always conform to the structure outlined in
FigurelG-10.

a. A packet has the basic structure shown in Figré1l. Note that the width of
the structure is not related to any number of bytes or bits. This table is merely
to represent relative packet elements and their placement within the packet. See
Figurel0-12 for a diagram of theaneric packet format. This figure does not
depict the bit lengths of each fieldlVord sizes of &its, 16bits, and 3ditsare
used depending on the data type.

To further clarify the packet layout, Figut8-12 shows thegeneric packet
in a32-bit, Little-endian format, and assumesHldi6édata words and data
checksum.
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Single or Multiple Channel Recording. Will

always conform to the following:

Computer Generated Data Packet,

Must be first packet in recording Format 1 Setup Records

Must be first dynamic packet in recording Time Data Packet

Data Packet

Each packet must be generated equal to or less than

100 milliseconds. All packets generated must be committed Data Packet

{
{
{

to the stream equal to or less than 1000 milliseconds
Data Packet

Time data packet frequency is a minimum of 1 Hz. < Time Data Packet

Data Packet

/ Packet Sync Pattern Data Packet
Channel ID
Packet Length
Bit 7: Indicates . i
Data Length the existence of Bit 6: Indicates 5:;5 3;§ké?dlcate Bits 1-0: Indicate
the optional the intra-packet secgn da the data
packet time stamp time header tirr¥1e checksum
Data Type Version secondary source. H existence.
Packet header. ormat.
Header
Sequence Number \ ‘
Packet Flags Bit Bit Bit Bit Bit | Bit Bit
7 6 B 4 3|2 1
Data Type
Relative Time Counter
Header Checksum
Optional
Packet
Secondary
Header
Packet Body <

Filler...

Packet Trailer

N

If 00, No Data Checksum Present.
If 01, 8-Bit Checksum - If 10, 16-Bit Checksum - If 11, 32-Bit Checksum

Data Checksum
(8 Bit, 16 Bit, 32 Bit, or None)

Figure 1010. Data recording structure.
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PACKET SYNC PATTERN

CHANNEL ID

PACKET LENGTH

DATA LENGTH

DATA TYPE VERSION

SEQUENCE NUMBER

PACKET FLAGS

DATA TYPE

RELATIVE TIME COUNTER

HEADER CHECKSUM

Packet Header

TIME

RESERVED

SECONDARY HEADER CHECKSUM

Packet
Secondary Heade
(Optional)

CHANNEL SPECIFIC DATA

INTRA-PACKET TIME STAMP 1

INTRA-PACKET DATA HEADER 1

DATA1

INTRA-PACKET TIME STAMP n

INTRA-PACKET DATA HEADER n

DATA n

Packet Body

DATA CHECKSUM

Packet Trailer

Figure 1011. General packet format.
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msb Isb
31 16 15 0

CHANNEL ID ‘ PACKET SYNC PATTERN

PACKET LENGTH

DATA LENGTH

PACKET SEQUENCE DATA TYPE
DATA TYPE FLAGS NL?MBER VERSION Packet Heade
RELATIVE TIME COUNTER
HEADER CHECKSUM | RELATIVE TIME COUNTER
TIME (LSLW) (Optional)
TIME (MSLW) Packet
SECONDARY HEADER Secondary
CHECKSUM NESIERYED Header

CHANNEL SPECIFIC DATA

INTRA-PACKET TIME STAMP 1

INTRA-PACKET TIME STAMP 1

INTRA-PACKET DATA HEADER 1

DATA 1 WORD 2 DATA1WORD 1

DATA 1 WORD n

INTRA-PACKET TIME STAMP 2

INTRA-PACKET TIME STAMP 2

INTRA-PACKET DATA HEADER 2

DATA 2 WORD 2 DATA 2 WORD 1 Packet
DATA 2 WORD n : Body

INTRA-PACKET TIME STAMP N

INTRA-PACKET TIME STAMP N

INTRA-PACKET DATA HEADER N

DATA N WORD 2 DATA N WORD 1

DATA N WORD n

[FILLER]

DATA CHECKSUM Packet Trailer

Figurel0-12. A 32-bit packet format layout.
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Depending on the data type, the size of taéalChecksum can contain 16 bits, 32 bitsit§ or
the checksum can lentirely left out. For a 3Bit Data Checksum, the packet trailer would be
as shown in Figur&0-13.

msb Isb
7 0
[ FILLER ]
_______ DATA CHECKSUM (LSB)
_______ DATA CHECKSUM Packet Trailer
_______ DATA CHECKSUM
DATA CHECKSUM (MSB)

Figure10-13. Packet trailer for 3bit data checksum.

b. For an 8bit Data Checksum, the packet trailer would be as shown in

Figure10-14.
msb Isb
7 0
[ FILLER ] .
DATA CHECKSUM Packet Trailer

Figure10-14. Packet trailer for ®it data checksum.

c. The size of a single Packet may be a maximum of 524,288 bytes as shown in
Table1l0-6. This includes the Packet Header, Packet Body, Packet Trailer, and
optional Packet Secondary Header if enabled. Theexdgptiorto the packet
size limit is the Computer Generated Data Packet, Format 1 Setup Record,
which may be a maximum of 134,21Z&bytes. Any Packet that requires more
than 524,288 bytes may generate multiple packets by utilizing the packet
sequence counter. Some packet types allow a single data set to span multiple
packets if the data set size or time does not fall under packemums. The
specific mechanism allowing packet data spanning for each data type is
described within that data typeds sect.i

d. With the exception of Computer Generated Packets, all other Packet Generation
Times shall be equal to or less tHaE0 millisscondsas measured by tH®
MHz Relative Time Counterhenever data is available. This requirement
ensures that a packet shall contain equal to or lesd @tamillisecondsvorth
of data, and that a packet containing any data must be generated exues$o
than100 millisecond$rom the time the first data was placed in the packet.
This strategy will assure packet granularity and save bandwidth by not forcing
or marking empty/idle packets.

e. All packets that are generatshall contain dataFiller only, idle (as defined by
medium orinterface)only or empty packets shall not be allowed

f. All reserved bitfields in packet headers Ghannel Specific Data Wosdshall
be set to zero (0x0).
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g. With the exception of Computer Generated Data Packets, allpabkets shall
have a Stream Commit Time equal to or less haAA0 millisecondss
measured by th#0 MHz Relative Time Counteontained in the packet header

h. Once version bits and packet structure bits have been used to indicate a value or
setting for ech data type and its associated channel, they shall not change for
that data type and its associated channel within the recording

TABLE 10-6. PACKET REQUIREMENTS

MAXIMUM REQUIRED PACKET
PACKET TYPE REQUIRED | pACKET SIZE | LOCATION
Computer Generatddata Yes 134,217,728 First Packets in
Packet, Format 1 Setup bytes Recording. A single setu
Record record may span across

multiple Computer
Generated Data Packets
Format 1 Setup Record.

Time Data Packet Yes 524,288 bytes First Dynamic Data
Packet~ollowing Setup
Record Packet(s).
Reference the Time Dat3g
Packet Description for
packet rate.

All other data type packets No 524,288 bytes After First Time Data
with the exception of Packet and before the las
Computer Generated Data Computer Generated Da
Packet, Format 1 Setup Packet Format 3,
Record, Time Data Packets Recording Index (Root
and Computer Generated Index) if enabled.

Data Packet-ormat 3
Recording Index (Root

Index)
Computer Generated Data | Yes, if 524,288 bytes If Recording Index
Packet, Format 3 Recordin¢ Recording Packets are enabled, Ro
Index (Root Index) Events are Index Packet Type will be
Enabled. the last packet in a
No, if recording.
Recording
Events are
Disabled.
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10.6.1.1  Packet HeaderThe length of the packet headefixed at 24 bytes (19Bits). The

Packet Header

is mandatory and shall consist of ten fields, positioned contiguously, in the

following sequence:

a.

b.

Packet Sync Pattern(2 Bytes) contains a static sync value for the every packet.
The Packet Sync Pattevalue shall be OXEB25.

Channel ID (2 Bytes) contains a value representing the Packet Channel ID.
All channels in a system must have a unique Channel ID for each data source.
(1) Multiplexer Source ID In a distributed Multiplexer system, a Multiplx
Source ID is used to discern each multiplexer in the system. The Setup Record
shall contain @Number of Source Bitsrecorder attribute (R\NSB) to specify

the number of most significant bits (from the Channel ID) that distinguish the
Multiplexer Souce ID. The remaining least significant bits of the Channel ID
field shall be the Channel ID for each data source acquired by the multiplexer.
(2) Reserved Channel IDChannel ID 0x0000 is reserved, and is used to insert
computergenerated messages itih@ composite data stream.

(3) Available Channel IDs All values not comprising the reserved Channel ID
are available.

N OTV

Computer Generated Data Packet, Forindetup Recordhall occur in
Channel IDO only. For 2011, Computer GeneratedtBPacketFormats
0 and 27 may occur in Channel ID along withFormatl. The existence
of multiple packet types i@hannellD 0 is considered deprecatadd will
be removed in 2013When Computer GeneratecfaPacket, Formats O
and 27 reside in Channel IDx000L1 i OxFFFF,only one packet type sha
existperChannel ID

C.

d.

Packet Length (4 Bytes) contains a value representing the length of the entire
packet. The value shall be in bytes and is always a multiple of four (bit 1 and
bit O shall always be zero)'his Packet Length includes the Packet Header,
Packet Secondary Header (if enabled), Channel Specific DataPhuntkaet
Headers, Data, Filler, and Data Checksum.

Data Length (4 Bytes) contains a value representing the valid data length
within the packt. This value shall be represented in bytes. Valid data length
includes Channel Specific Data, InfPacket Data Headers, IntPacket Time
Stamp(s), and Data but does not include Packet Trailer Filler and Data
Checksum.
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e. Data Type Version (1 Byte) contains a value at or below the release version of
standard applied to the data typesaible10-7. The value shall be represented
by the following bit patterns:

0x00 = Reserved

0x01 = Initial ReleaséRCC106:04)
0x02 = RCC106-05

0x03 = RCC106-07

0x04 = RCC106-09

0x05 = RCC10611

0x06thru OxFF= Reserved

f. Sequence Number(1 Byte) contains a value representing the packet sequence
number for each Channel ID. This is simply a counter that increrngnts
n + 0x01 to OXFF for every packet transferred from a particular channel and is
not required to start at 0x00 for the first occaoe of a packet for the
ChannelD.

NOTE | -
Sequence number counter value for each channel in a recording will

(rollover to 0x00) after the sequence number counter has reached 0x

NOTE
Each Channel in a Recording shall have its own sequence counter

providing a unique Sequence Numbertfaat channel.

g. Packet Flags (1 Byte) contains bits representing information on the content and
format of the packet(s).

Bit 7: Indicates the presence or absence of the Packet Secondary.Header
0 = Packet Secondary Header is not present.
1 = PacketSecondary Header is present.

Bit 6: Indicates the IntrdPacket Time Stamp Time Source
0= Packet Header 48Bit Relative Time Counter.
1 = Packet Secondary Header Timé {bmust be 1).

Bit 5: Relative Time Counter Sync Error.
0 = No Relative TimeCounter sync error.
1 = Relative Time Counter sync error has occurred.

Bit 4: Indicates the Data Overflow Error.
0 = No data overflow.
1 = Data overflow has occurred.
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Bits 3-2: Indicate the Packet Secondary Header Time Format.

00 = RCC106 Chapter 4 bimg weighted 4&it time format. The
two LSBsof the 64bit Packet Secondary Header Time and
Intra-Packet Time Stamp shall be zero filled.

01 = IEEE-1588 Time format. The Packet Secondary Header Time
and each Intrd?acket Time Stamp shall contain al&ig
timestamp represented in accordance with the Time
Representation type as specified by IEEE STD 158®. The
32 bits indicating seconds shall be placed into the Most
Significant Long Word portion of the secondary header and the
32 bits indicating nanosends shall be placed into the Least
Significant Long Word portion.

10 = Reserved

11 = Reserved

Bits 1-0: Indicate Data Checksum existence.
00 = No data checksum present
01 = 8-bit data checksum present
10 = 16-bit data checksum present
11 = 32-bit datachecksum present

h. Data Type (1 Byte) contains a value representing the type and format of the
data. All values not used to define a data type are reserved for future data type
growth.

i. Relative Time Counter(6 Bytes) contains a value representing thhéHz
Relative Time Counter (RTC). This is a freening 10 MHz mary counter
represented by 48tb which arecommon to all data channels. The counter
shall be derived from a 10 MHz internal crystatiflator and shall remain free
running during eachecording.

Note The applicable data bit to which the-d value applies shall correspond
to the first bit of the data in the packet body (unless it is defined in each data
type section).

j. Header Checksum(2 Bytes) contains a value representing-dif &rithmetic
sum of all 16bit words in the header excluding the Header Checksum Word.
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TABLE 10-7. DATA TYPE NAMES AND DESCRIPTIONS

Packet Header|
Value

Data Type Name

Data Type Description

Current Data
Type Version

0x00 Computer Generated Datégrmat 0 (User Defined) 0x02
0x01 Computer Generated Data, Format 1 (Setup Record) 0x05
0x02 Computer Generated Data, Format 2 (Recording Events) 0x03
0x03 Computer Generated Data, Format 3 (Recording Index) 0x03
0x0471 0x07 Computer Generated Dafegrmat 4 Format | (Reserved for future use) 0x02
0x08 PCM Data, Format O (Reserved for future use) 0x02
0x09 PCM Data, Format 1 (RCC106 Chapter 4/8) 0x03
O0x0Ai OxOF |PCM Data, Format 2 Format 7 (Reserved for future use) 0x02
0x10 Time Data, Formad (Reserved for future use) 0x02
0x11 Time Data, Format 1 (RCUGPS/RTC) 0x03
0x12i 0x17 |Time Data, Format 2 Format 7 (Reserved for future use) 0x02
0x18 MIL-STD-1553 Data, Format 0 (Reserved for future use) 0x02
0x19 MIL-STD-1553 Data, Format 1 (Mil-Std-1553B Data) 0x03
Ox1A MIL-STD-1553 Data, Format 2 (16PP194 Bus) 0x03
0x1B7i Ox1F |MIL-STD-1553 Data, Format B8 Format 7 (Reserved for future use) 0x03
0x20 Analog Data, Format O (Reserved for future use) 0x02
0x21 Analog Data, Format 1 (AnalogData) 0x02
0x221 0x27 Analog Data, Format 2 Format 7 (Reserved for future use) 0x02
0x28 Discrete Data, Format 0 (Reserved for future use) 0x02
0x29 Discrete Data, Format 1 (Discrete Data) 0x02
Ox2Ai Ox2F |Discrete Data, Formati2Format 7 (Reserved for future use) 0x02
0x30 Message Data, Format 0 (Generic Message Data) 0x02
0x317 0x37 Message Data, Formaf IFormat 7 (Reserved for future use) 0x02
0x38 ARINC 429 Data, Format 0 (ARINC429 Data) 0x02
0x39 Ox3F |ARINC 429 Data, Format 1L Format 7 (Reserved for future use) 0x02
0x40 Video Data, Format O (MPEG2/H.264 Video) 0x04
0x41 Video Data, Format 1 (ISO 138181 MPEG?2) 0x02
0x42 Video Data, Format 2 (ISO 14496 MPEG! Part10) 110 AVC/H.264) 0x03
0x431 0x47 Video Data, Format B Format 7 (Reserved for future use) 0x03
0x48 Image Data, Format 0 (Image Data) 0x02
0x49 Image Data, Format 1 (Still Imagery) 0x03
Ox4Ai Ox4F |Image Data, Format2Format 7 (Reserved for future use) 0x03
0x50 UART Data, Format 0 (UART Data) 0x03
0x5171 0x57 UART Data, Format 1 Format 7 (Reserved for future use) 0x02
0x58 IEEE-1394 Data, Format 0 (IEEE-1394 Transaction) 0x02
0x59 IEEE-1394 Data, Format 1 (IEEE-1394 Physical Layer) 0x03
Ox5A1 Ox5F |IEEE-1394 Data, Format 2 Format 7 (Reservedor future use) 0x03
0x60 Parallel Data, Format 0 (Parallel Data) 0x02
0x611 0x67 Parallel Data, FormatilFormat 7 (Reserved for future use) 0x02
0x68 Ethernet Data, Format 0 (Ethernet Data) 0x03
0x691 Ox6F Ethernet Data, FormatilFormat 7 (Reserved for future use) 0x03
0x70 TSPI/CTS Data, Format 0 (GPS NMEARTCM) 0x05
0x71 TSPI/CTS Data, Format 1 (EAG ACMI) 0x05
0x72 TSPI/CTS Data, Format 2 (ACTTS) 0x05
0x73 0x77 TSPI/CTS Data, Formati3Format 7 (Reserved for future use) 0x05
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10.6.1.2  Packet Secondary Header (Optionalhe length of the Packet Secondary Header
is fixed at 12 bytes (9bits). The Packet Secondary Header is optional and when enabled shall
consist of the three fields, positioned contiguously, in the follonaggience:

a. Time. (8 Bytes) contain the value representing Time in the format indicated by
bits 2 and 3 of the Packet Flaggparagrapii0.6.1.1g

WhenRCC 106 Chapter 4 binary weighted time is ygede shall be
stored ashown inFigure10-15.

msb Isb
31 16 15 0
Micro-Seconds Word Reserved
High Order Time Word Low Order Time Word

Figure1l0-15. Secondary Head&CC 106 Chapter 4 time

When IEEE1588 time is used time shak btored as shown in Figure -1®.

msb Isb
31 0
NanocSeconds Word
Seconds Word

Figurel0-16. Secondary Header IEEES88 time

b. Reserved. (2 Bytes) are reserved and shall be zero filled.

c. Secondary Header Checksum.B§es) contain a value representing alli6
arithmetic sum of all Secondary Header bytes excluding the Secondary Header
Checksum Word.

10.6.1.3  Packet Body The format of the data in the packet body is unique to each data type.
Detailed descriptions dhe typespecific data formats found in packet bodies are described in
subsequent sections of this document.

a. Channel Specific Data(Variable Bytes) contains the contents of the Channel
Specific Data field(s) depending on the Data Type field in the Patdader.
Channel Specific Data is mandatory for each data type and channel. The
occurrence of Channel Specific Data is once per packet and precedes packet
channel data.

b. Intra-Packet Time Stamp(8 Bytes) contains Time in either-68 Relative
Time Couwnter format (plus 16 higbrder zero bits) or 68it absolute format as
specified in the Packet Flags in the Packet Header. TheRatieet Time
Stamps are only mandatory where defined by the data formats.

c. IntraPacket Data Heade(Variable Bytes) aatains additional status and
format information pertaining to the data items that follow. The Jpaeket
Data Headers are only mandatory where defined by the data formats.
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d. Data (n Bytes) contains valid data from a particular channel as defined within
the data formats contained within this standard.

collectively called the Intrii?acket Header. In some cases, an{Raeket
Header may only have a Time Stamp (Zergth Data Header), while in
other cases, the IntRRacket Header only has a Data Header (mgth
Time Stamp). Some data types have no {R@eket Header. The Intra
Packet Header requirements are specsiguarately for each Data Type.

NOTE
The IntraPacket Data Header (IPDH) presence, once set, shall be the

NOTV The IntraPacket Time Stamp and the InfPacket Data Header are

state for the entire recording per each channel

10.6.1.4  Packet Trailer The packet trailer may contain filler, a data checksum, both filler

and a data checksum, or neither filler nor a data checksum. In the latter case, the packet trailer
has zero length. The reason a packet trailer would have a zero length is best explained by
understanding the reason for inserting filler. The purpodeedilter is twofold:

a. To keep all packets aligned on-BR boundaries (i.e., make all packet lengths a
multiple of 4 bytes)and
b. To optionally keep all packets from a particular channel the same length.

If both of the above requirements are alrea@dy without adding filler, then filleshall
not be added.

The inclusion of the data checksum is optional as well and is indicated by the Packet
Flags setting. When included, the packet trailer contains eitheb@nl®-bit, or 32bit Data
Checksum.Depending on the Packet Flagistion selected, the Data Checksum is the agtion
sum of all of the bytes (Bits), words (16its), or long words (3Bits) in the packet excluding
the 24 bytes of Packet Header, Packet Secondary Header (if enabled BatktiChecksum.
Stated another way, thgata Checksum includes everything in the packet body plus all added
filler.

a. Filler. (variable Bytes) All filler shall be set to 0x00 or OxFF.

b. 8-Bit Data Checksum (1 Byte) contains a value representing dnt&rithmetic
sum of the bytes in the packet. Only inserted if Packet Flag bits are set (see

paragraph0.6.1.1¢.

c. 16-Bit Data Checksum (2 Bytes) contains a value representing-#il6
arithmetic sum of the words in the patk Only inserted if Packet Flag bits are

set paragrapi0.6.1.149.

d. 32-Bit Data Checksum (4 Bytes) contains a value representing-#i82
arithmetic sum of the long words in the packet and is only inserted if Packet
Flagbits are setgaragrapti0.6.1.1¢.
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10.6.2 PCM Data Packets

10.6.2.1 PCM Data Packets Format Reserved.

10.6.2.2 PCM Data Packets FormatRCC 106 Chapter 4andChapter 8 A packet with
RCC106Chapter 4 oRCC106 Chapter 8 PCM data has the fgastructure as shown in
Figurel0-17. Note that the width of the structure is not related to any number of bits. This table
merely represents relative placement of data in the packet.

PACKET HEADER
CHANNEL SPECIFIC DATA
(Optional) INTRAPACKET TIME STAMP
(Optional) INTRAPACKET DATA HEADER
MINOR FRAME DATA
(Optional) INTRAPACKET TIME STAMP
(Optional) INTRAPACKET DATA HEADER
MINOR FRAME DATA
(Optional) INTRAPACKET TIME STAMP
(Optional) INTRAPACKET DATA HEADER
MINOR FRAME DATA
(Optional) INTRAPACKET TIME STAMP
(Optional) INTRAPACKET DATA HEADER
MINOR FRAME DATA

(Optional) INTRAPACKET TIME STAMP
(Optional) INTRAPACKET DATA HEADER
MINOR FRAME DATA
PACKET TRAILER

Figure 1617. General PCM data packet, format 1.

The user may separately enable or disable word unpacking on each active PCM channel.
Word unpacking will force the least significant bit of each word to be aligned oibia 16
boundary.High-order filler bits are added to words as necessary to force alignment.

The user may separately enable or disable frame synchronizing on each active PCM
channel . This provides a AThroughput Modeo
synchronization. Throughput Mode essentially disables all setup and packing/unpacking options
for the packet, and places data in the packet as it is received.

a. PCM Packet Channel Specific Dat&he packet body portion of each PCM
packet begins with théhannel specific data, which is formatted as shown in
Figure10-18.
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msb Isb
31 30 29 28 27 24 23 18 17 0
R [IPH|MA | MI | LOCKST| MODE | SYNCOFFSET

Figure 1018. PCM packet channel specific data format.

Reserved (bit 31) isreserved.

Intra-Packet Header (IPH)(bit 30) indicate# Intra-Packet Headers

(Intra-Packet Time Stamp and IntRacket Data Header) are inserted before

each minor frame. IntrRacket Headers are only optional because of the

mode selection. This deteines whether Intré?acket Headers are included

or omitted.

0 = IntraPacket Headers are omitted for Throughput Mode.

1 = IntraPacket Headers are required for Packed Data and Unpacked Data
modes.

Major Frame Indicator (MA) (bit 29) indicates if théirst word in the

packet is the beginning of a major frame. Not valid for Throughput Mode.
0 = First word is not the beginning of a major frame.

1 = First word is the beginning of a major frame.

Minor Frame Indicator (Ml) (bit 28) indicates if the fat word in the packet
is the beginning of a minor frame. Not valid for Throughput Mode.

0 = First word is not the beginning of a minor frame.

1 = First word is the beginning of a minor frame.

Lock Status (LOCKST) (bits 2724) indicates the lock stato$the frame
synchronizer. Not valid for Throughput Mode.

N OT?

Minor Frame Definition The minor frame is defined as the data
structure in time sequence from the beginning of a minor frame
synchronization pattern to the beginning of the next minor frame
synchronization pattern. Please refereR€C 106 Chapter 4,
paragrapht.3.2 for minor/major frame definition.

Bits 27-26. Indicate Minor Frame Status.
00 = Reserved.
01 = Reserved.
10 = Minor Frame Check (after losing Lock).
11 = Minor Frame.ock.

Bits 2524: Indicate Major Frame Status.
00 = Major Frame Not Locked.
01 = Reserved.
10 = Major Frame Check (after losing Lock).
11 = Major Frame Lock.
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1 Mode (MODE) (bits 2318) indicates the data packing mode.

Bits 23-22: Reserved

Bit 21: Alignment Mode.
0 = 16 Bit Alignment Mode enabled.
1 = 32 Bit Alignment Mode enabled.

Bit 20: Indicates Throughput Data Mode
0 = Throughput Data Mode not enabled.
1 = Throughput Data Mode enabled.

Bit 19: Indicates Packed Data Med
0 = Packed Data Mode not enabled.
1 = Packed Data Mode enabled.

Bit 18: Indicates Unpacked Data Mode.
0 = Unpacked Data Mode not enabled.
1 = Unpacked Data Mode enabled.

1 Sync Offset (SYNCOFFSET)(bits 170) contains an 18it binaryvalue
representing the Word offset into the major frame for the first data word in
the packet. Not valid for Packed or Throughput Mode.

b. PCM Packet Body After the Channel Specific Data, the InRacket Headers
and the PCM data are inserted in thekgam integral numbers of minor or
major frames, unless the packet is in Throughput Mode. In Throughput Mode,
there is no frame or word alignment to the packet data and nePlatieet
Headers are inserted in the data. In both Packed and Unpacked Moues,
frame alignment is dependent on the MODE field in the Channel Specific Data.
In 16 Bit Alignment Mode, PCM minor frames begin and end obil6
boundaries. In 32 Bit Alignment Mode, PCM minor frames begin and end on
32-bit boundaries. In eithease, Alignment Mode does not affect the format of
PCM data words themselves. However, depending on perspective, word order
is affected and a zeffilled data word may be required to maintain alignment.

c. PCM Data in Unpacked Moddn Unpacked Modgpackng is disabled and
each data word is padded with the number of filler bits necessary to align the
first bit of each word with the next 46it boundary in the packet. For expale,
4 pad bits are added to-b& words, 6 pad bits are added to-di®words,etc.
In 32 Bit Alignment Mode, a zerblled 16-bit word is required to maintain
alignment when an odd number of-ti6 words exist in the minor frame.

Minor frame sync patterns larger thanldi6 are divided into two words
of packet data. If the sg pattern has an even number of bits, then it will be
divided in half and placed in two packet words. For example;l@tz4nc
pattern is broken into two (2R4bit words with 4bits of pad in each word. If
the sync pattern has an odd number of Hits,broken into two (2) words with
the second word having ot more of the sync pattern. For example, if the
minor sync pattern is 25 bits, then the first sync word ibits2of sync pattern
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plus 4bits of pad, and the second sync wordi3sits ofsync pattern plus Bits
of pad.

Minor frame sync patterns larger than 32 bits are divided into
(Number of bits+15) / 16 words in 16 Bit Alignment Mode, or
( Number of bits+31) [/ 32 in 32 Bit Al Q¢
fill the wordscompletely, the first word shall contain the lesser number of bits
with the later words containing one bit more (in the manner described above in
splitting frame sync pattern words into two words). For example;kat3ync
word shall be split into 11+#22-bit words in 16 Bit Alignment Mode, or
into 17+18bit words in 32 Bit Alignment Mode.

Given PCM frames with a 2dit minor sync pattern and n data words
where the bHengths of data words 1, 2, and 3 are 12, 16, and 8 respectively,
the resultant PCM packets are as shown in FigjQE9.

. PCM Data in Packed btle InPacked Modgpacking is enabled and pad is not
added to each data word. However, filler bits may be required to maintain
minor frame alignment. The number of filler bits is dependent on the
Alignment Mode, where N is either 16 or 32. If the tn@mof bits in the minor
frame is not an integer multiple of N, then Y PAD bits will be added to the end
of each minor frame of biength L. Either Y = N MOD(L,N), or N minus

the integer remainder when L is divided by N. In packed mode, the PCM
strean is minor frame synchronized so the first data bit in the packet is the first
data bit of a minor frame. If X = NY when N is16 Bit Alignment Mode, then
the resultant PCM packets are as shown in Fi§j0:120.
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msb Isb
15 0

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 180)

CHANNEL SPECIFIC DATA (BITS 3116)

INTRA-PACKET TIME STAMP (BITS 150)

INTRA-PACKET TIME STAMP (BITS 3116)

INTRA-PACKET TIME STAMP (BITS 4732)

INTRA-PACKET TIME STAMP (BITS 6348)

INTRA-PACKET DATA HEADER (BITS 150)

4-BITS PAD 12-BITS SYNC (BITS 2312)

4-BITS PAD 12-BITS SYNC (BITS 110)

4-BITS PAD 12-BITS WORD 1 DATA
16-BITS WORD 2 DATA

8-BITS PAD ‘ 8-BITS WORD 3 DATA

WORD n DATA BITS + PAD IF NEEDED

INTRA-PACKET TIME STAMP ( BITS 150)

INTRA-PACKET TIME STAMP ( BITS 3116)

INTRA-PACKET TIME STAMP ( BITS 4732)

INTRA-PACKET TIME STAMP ( BITS 6348)

INTRA-PACKET DATA HEADER ( BITS 150)

REPEAT FOR EACH MINOR FRAME

PACKET TRAILER

Figure 1619. PCM Datal unpacked16-bit alignmentmode sample packet.

1040



Telemetry Standards, IRIG Standard 206(Part 1) Chapter 10June2011

msb Isb
15 0

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 180)

CHANNEL SPECIFIC DATA (BITS 3116)

INTRA-PACKET TIME STAMP ( BITS 180)

INTRA-PACKET TIME STAMP ( BITS 3116)

INTRA-PACKET TIME STAMP ( BITS 4732)

INTRA-PACKET TIME STAMP ( BITS 6348)

INTRA-PACKET DATA HEADER ( BITS 150)

DATA (BITS 1571 0)

DATA (BITS 317 16)

DATA (BITS 477 32)

Y FILLER BITS

Y FILLER BITS \ X DATA BITS

INTRA-PACKET TIME STAMP ( BITS 180)

INTRA-PACKET TIME STAMP ( BITS 3116)

INTRA-PACKET TIME STAMP ( BITS 4732)

INTRA-PACKET TIME STAMP ( BITS 6348)

INTRA-PACKET DATA HEADER ( BITS 150)

REPEAT FOR EACH MINOR FRAME

PACKET.TRAILER

Figure10-20. PCM Datal packed(16-bit alignment mode3ample packet.

e. PCM Data in Throughput Modelin Throughput Modgethe PCM data are not
frame synchronized so the first data bit in the packet can be any bit in the major

frame The resultant PCM packets are as shown in FifOH2L.

msb Isb
15 0

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 180)

CHANNEL SPECIFIC DATA (BITS 3116)

DATA (BITS 1571 0)

DATA (BITS 317 16)

DATA (BITS 4771 32)

PACKET TRAILER

Figurel0-21. PCM Datal Throughput(16-bit alignment mode3ample packet.
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f. PCM DataWord Order in 3Bit Alignment Mode When recording in 3Bit
Alignment Mode, the resultant data word ordering will differ from 16 Bit
Alignment Mode. The serial PClfhta stream is shifted into &t words from
right to left, with bit 31 on the left, bit 0 on the right, and addresses ascending
from top to bottom. Word order 1 s affe
addressing perspectiv&or example, 14bit data words when addressed as
32-bit words appear in order when read from left to right, and top to bottom.
However, when addressed asdibwords each pair of data words will appear
swapped. Figuré0-22 and Figurel0-23 depict the anomaly of perspective.

msb Isb addr
31 16 15 0
byte3 | byte?2 bytel | byte0
DATA WORD 1 DATA WORD 2 0
DATA WORD 3 DATA WORD 4 1
DATAWORDN-1 | DATAWORDN | N/2-1

Figure 1622. 32-bit Alignment Modeexample, 1ébit data words
(32-bit word addressing).

msb Isb addr
15 0
bytel | byte0
DATA WORD 2 0
DATAWORD 1 1
DATA WORD 4 2
DATA WORD 3 3
DATA WORD N-1 N-1

Figure 1023. 32-bit Alignment Mode example, 1bit data words
(16-bit word addressing).

g. PCM IntraPacket HeadernWhen recording in Packed or Unpacked mode, all
PCM minor frames shall include an InPacket Header containing a-b#
Intra-Packet Time Stamp and a 16 or-B2 Intra-Packet Data Headeais
indicated by MODE in the Channel Specific Data. This header is inserted
immediately before the minor frame sync pattern. Depending on Alignment
Mode, the length of the Inti@acket Header is either 10 or 12 bytes
(80 or 96 bhits) positioned contiguously, as depicted in Fii0i24. In 16 Bit
Alignment Mode, the Intr&Packet Data Header length is fixed at 2 byt&s.

32 Bit Alignment Mode requires a 4 byte IniRacket Data Header, atite two
most significant bytes are zefitled.
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msb Isb
31 16 15 12 11 0
TIME (LSLW)
TIME (MSLW)
zero filled | LOCKST | RESERVED

Figure 1624. PCM Intrapacket header.

1 Intra-Packet Time Stamp(8 Bytes) indicates thame tag of the PCM

minor frame. Not valid for Throughput Mode. First Long Word Bits and

Second Long Word Bits indicate the following values:

0 The 48bit Relative Time Counter that corresponds to the first data bit of
the minor frame with bits 31 to 16 the second long word zero filled; or

0 Absolute Time, if enabled by bit 6 in the Packet Flagsdgraph
10.6.1.1y). Time format corresponds to the time format indicated by bits
2 and 3 in the Packet Flagsafagrapti0.6.1.1) and to the first data bit
of the minor frame.

1 Intra-Packet Data Header.
o 32Bit Alignment (32Bit Alignment Mode ONLY). Bits 3116 are zero
filled.
0 Lock Status (LOCKST). (bits 152) indicates the lock status of the
frame synchronizer for each minor frame.
Bits 1514: Indicates Minor Frame Status
00 = Reserved.
01 = Reserved.
10 = Minor Frame Check (after losing Lock).
11 = Minor Frame Lock.
Bits 1312 Indicates Major Frame Status
00 = Major Frame Not Lded.
01 = Reserved.
10 = Major Frame Check (after losing Lock).
11 = Major Frame Lock.
o Reserved (bits 110) are reserved.

10.6.3 Time Data Packets

10.6.3.1 Time Data Packets, Format Reserved.

10.6.3.2 Time Data Packets, Forma(lIRIG/GPS/RTC) Time is treated like another data
channel . I f a ti me s our t0L6),the time packetlwdlipe Anoneo
generated at a minimufrequencyof 1 Hz.

1 IRIG Time Type FormatsThe 10 MHz RTGhall be captured for insertion
into the Time Packet Data header IAW IRIG 200 Serial Time Code Formats;
On-Time Reference Marker definition.
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1 Al Non-IRIG Time Type FormatsThe 10 MHzRTC shall be captured for
insertion into the Time Packet Data headearsistent with the resolution with
the Time Packet Body format (10 milliseconds as measured by tkiél20
RTC).

N OTV A Time Data Packet shall be the first dynamic data packet at the start

each recording. Only static Computer Generated Data, Format Etpa
may precede the first Time Data Packet in the recording.

NOTE
If the Time Data Packet Source is None, at least one Time Data Pack

required IAW the previous NOTE.

A packet with time data has the basic structure shown in Figu?8. Note
that thewidth of the structure is not related to any number of bits. This drawing is
merely to represent relative placement of data in the packet. Time Packets do not
have IntraPacket Headers.

PACKET HEADER
CHANNEL SPECIFIC DATA
TIME DATA
PACKET TRAILER

Figure10-25. General time data packet, format 1.

a. Time Packet Channel Specific Datdhe Packet Body portion of each Time
Data Packet begins withGhannel Specific Data Wofdrmatted as shown in
Figure10-26.

msb
31

Isb
12 11 8 7 4 3 0

RESERVED | DATE | FMT | SRC

Figure 16026. Time Packet channel specific data format.

1 Reserved (bits 3%12) are reserved.

1 Date Format (DATE) (bits 118) indicates the Date format. All bit patterns
not used talefine a date format type are reserved for future growth.

Bits 11-10: Reserved.

Bit 9: Indicates Date Format.
0 = IRIG day available (lgure10-27)
1 = Month and Year available igure 10-28)

Bit 8: Indicates if this is a leap year.
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0 = Not a leap year
1= Isaleap year

1 Time Format (EMY. (bits 7#4) indicates the Time Data Packet format.

0x0 = IRIGB
0x1 = IRIGA
0x2 = IRIGG

0x3 = RealTime Clock

0x4 = UTC Time fronGPS

0x5 = Native GPS Time

0x6 thru OXE = Reserved

OxF = None (time packet payload invalid)

Time Source (SRC)(bits 3-0) indicates the source of the time in the
payload of each time packet.
0x0 = Internal (Time derived from a clock in the Recoyder
Ox1 = External (Time derived from a clock not in the Recorder)
0x2 = Internal from RMM (Time derived from the clock in the RMM)
0x371 OXE = Reserved
OxF = None

N OTV

If the Time Source (SRC) is External (0x1) and lock on the external s
is lostthen the Time Source (SRC) shall indicate Internal (0x0). Once
lock on the external Time Source is regained, Time Source (SRC) sh
once again indicate External (0x1).

b. Time Packet Body After theChannel Specific Data Woythe time data words

are inserted in the packet in Binary Coded Decimal (BCD) format as shown in

Figurel0-27 and Figurel0-28 (units of measure presented in Tab(e8).

msb Isb
15 14 12 11 8 7 4 3 0
0 TSn Sn Hmn Tmn
00 THn Hn 0 | TMn Mn
oo o]o 0 | 0| HDn TDn Dn
Figurel0-27. Time data packet format, day format.
msb Isb
15 14 12 11 8 7 4 3 0
0 TSn Sn Hmn Tmn
0|0 THn Hn 0 | TMn Mn
0] 0] 0 |TOn Oon TDn Dn
0 0 OYn HYn TYn Yn

Figure10-28. Time data packet format, day, month, and year format.
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TABLE 10-8. UNITS OF MEASURE
Tmn | Tens of milliseconds TDn | Tens of days
Hmn | Hundreds of milliseconds HDn | Hundreds of Days
Sn Units of seconds On Units of Months
TSn | Tens of Seconds TON | Tens of Months
Mn Units of minutes Yn Units of Years
TMn | Tens of minutes TYn | Tens of Years
Hn Units of hours HYn | Hundreds of Years
THn | Tens of Hours OYn | Thousands of Years
Dn Units of Days 0 Always zero

10.6.4 MIL -STD-1553
10.6.4.1 MIL-STD-1553 Bus Data Packets, FormatReserved

10.6.4.2 MIL-STD-1553 Bus Data Packets, FormgMIL -STD-1553B Bus Data)

MIL -STD-1553 BUS dta is packetized as messageswi t h each 1553 bus #Atr
as a A mes s agreisaBCto-RT, RTitodBE,0r@R3-tb-RToword sequence, starting

with the command word and including all data and status words that are part of the transaction,

or a mode code word broadcast. Multiple messages may be encoded into the data portion of a
single packet.

a. MIL-STD-1553 Packet Channel Specific Dafehe Packet Bodportion of
each MIL-STD-1553 data packet begins wittfCaannel Specific Data Word
formatted as shown in Figui®-29.

msh Isb
31 30 29 24 23 0
TTB | RESERVED | MSGCOUNT

Figure10-29. MIL-STD-1553 Packet channel specific data format.

1 Time Tag Bits (TTB) (bits 3130) indicate which bit of the MILSTD-1553
message the IntfBacket Header time tags.
00 = Last bit of the last word of the message
01 = First bit of the first word of the message
10 = Last bit of the first (command) word of the message
11 = Reserved

Reserved (bits 2924) are reserved.

Message Count (MSGCOUNT])bits 230) indicates the binary value of the
number of messages includedhe packet. An integral number of
complete messages will be in each packet.

b. MIL-STD-1553 Packet BodyA packet withn MIL -STD-1553 messages has
the basic structure shown in Figur@30. Note that the width of the structure
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is not related to any number of bits. This drawing is merely intended to
represent relative placement of data in the packet.

PACKET HEADER

CHANNEL SPECIFIC DATA

INTRA-PACKET TIME STAMP FOR MESSAGE 1

INTRA-PACKET DATA HEADER FOR MESSAGE 1

MESSAGE 1

INTRA-PACKET TIME STAMP FOR MESSAGE 2

INTRA-PACKET DATA HEADER FOR MESSAGE 2

MESSAGE 2

INTRA-PACKET TIME STAMP FOR MESSAGE n

INTRA-PACKET DATA HEADER FOR MESSAGE n

MESSAGE n

PACKET TRAILER

Figure 1030. MIL-STD-1553 data packet, format 1.

c. MIL-STD-1553 IntraPacket HeaderAfter the Channel Specific Data, the

MIL -STD-1553 data are inserted into theckat in messages. Each

MIL -STD-1553 message is precededdnyintraPacket Header consisting of an
Intra-Packet Time Stamp and an InfPacket Data Header.

(1) MIL-STD-1553 IntraPacket Time Stamp(8 Bytes) indicates the time tag
of the MIL-STD-1553 message as follows.

T

The 48bit Relative Time Counter thabrresponds to the data bit
indicated in the MIESTD-1553 Channel Specific Data, Time Tag Bits
(paragrapii0.6.4.2a with bits 31 to 16 in the second long word zero
filled; or

The Absolute Time, if enabled by bit 6 in the Retd-lags
(paragrapii0.6.1.1y). Time format corresponds to the time format
indicated by bits 2 and 3 in the Packet Flagggdgrapii0.6.1.1) and
to the data bit indicated in the MIRTD-1553Channel Specific Data,
Time Tag Bits paragrapii0.6.4.2

(2) MIL-STD-1553 IntraPacket Data HeadeiThe length of the Intr&acket

DataHeader is fixed at 6 bytes (4#s) positioned contiguously, in the
following sequeace (Figurel0-31).

msb
15

Isb
0

BLOCK STATUS WORD

GAP TIMES WORD

LENGTH WORD

Figure 1031. MIL-STD-1553 intrapacket data header.
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1 Block Status Word (BSW) (bits 150) contain the Block Status Word
for both the message type and any 1553 bus protocol errors that
occurred during the message transfer. The Block Status Word bit
definitions are in Figur&0-32.

msb Isb
15 14 13 12 11 10 9 8 6 5 4 3 2 0

R |BID|ME|RR|FE|TM| RESERVED | LE | SE|WE| RESERVED

Figure 1632 Block status word format.

o0 Reserved (R)(bits 1514) are reserved.

o0 Bus ID (BID). (bit 13) indicates the bus ID for the message.
0 = Message was from Channel A
1 = Message was from Channel B

0 Message Error (ME) (bit 12) indicates a message error was
encountered.
0 = No message error
1 = Message error

o0 RT to RT Transfer (RR)(bit 11) indicates a RT to RT transfer;
message begins with two command words.
0 = No RTto RT transfer
1 = RT to RT transfer

o Format Error (FE) (bit 10) indicates any illegal gap on the bus
other than Response Time Out.
0 = No format error
1 = Format error

o0 Response Time Out (TM)(bit 9) indicates a response time out
occurred. The bis set if any of the Status Word(s) belonging to
this message didndét arrive within
by MIL-STD-1553B.
0 = No response time out
1 = Response time out

o Reserved (bits 86) are reserved.

o Word Count Error (LE) (bit 5) indcates that the number of data
words transmitted is different than identified in the command
word. A MIL-STD-1553B Status Word with the busy bit set to
true will not cause a Word Count Error. A transmit command with
a response timeout will not cause a \W@rount Error.

0 = No word count error
1 = Word count error
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o0 Sync Type Error (SE)(bit 4) indicates an incorrect sync type
occurred.
0 = No sync type error
1 = Sync type error

o Invalid Word Error (WE) (bit 3) indicates an invalid word error
occurred. This includes Manchester decoding errors in the synch
pattern or word bits, invalid number of bits in the word, or parity
error.

0 = No invalid word error
1 = Invalid word error

0 Reserved (bits 20) are reserved.

NOTE Gap Times (Response Time)he Gaplimes Word indicates remote
terminal response times as defined by MBLD-1553. The resolution of
the response time shall be in tenths of microseconds. A maximum of
Response Time Words can exist. Remote Terminal to Remote Termi
type messages dhhave two Response Time Words if both terminals
respond; all other messages will have one Response Time Word, or I
for broadcast type messages or messages with no Remote Terminal
response.

1 Gap Times Word (bits 26). The Gap Times Word indicatesth
number of tenths of microseconds in length of the internal gaps within
a single transaction. For most messages, only GAP1 is meaningful. It
measures the time between the comnmandhta word and the first
(and only) status word in the message. Foit®RT messages,
GAP2 measures the time between the last data word and the second
status word. The Gap Times Word bit definitions are as shown in
Figure10-33.

msb Isb
15 8 7 0
GAP2 | GAP1

Figure 1033. Gap Times wordormat.

NOTE

Gap measurements shall be made IAW MHLD-1553 response time
measurements from the rdgk zero crossing of the parity bit of the last
word to the miezero crossing of the sync of the status word.

1 Length Word Bits (18). The Length of ta message is the total
number of bytes in the message. A message consists of command
words, data words, and status words.
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d. Packet FormatUnless an error occurred, as indicated by one of the error flags
in the Block Status Word, the first word follavg the Length Word should
always be a command word. The resultant packets have the format shown in
Figurel0-34.

msb Isb
15 0

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 150)

CHANNEL SPECIFIC DATA (BITS 31:-16)

INTRA-PACKET TIME STAMP FAR MSG 1(BITS 150)

INTRA-PACKET TIME STAMP FAR MSG 1 (BITS 3116)

INTRA-PACKET TIME STAMP FAR MSG 1 (BITS 4732)

INTRA-PACKET TIME STAMP FAR MSG 1 (BITS 6348)

INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 18)

INTRA-PACKET DATA HEADER FOR MSG 1(BITS 31:16)

INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 4732)

COMMAND WORD

COMMAND, STATUS, OR DATA WORD

DATA OR STATUS WORD

DATA OR STATUS WORD

INTRA-PACKET TIME STAMP FAR MSG 2 (BITS 150)

INTRA-PACKET TIME STAMP FAR MSG 2 (BITS 3116)

INTRA-PACKET TIME STAMP FAR MSG 2 (BITS 4732)

INTRA-PACKET TIME STAMP FAR MSG 2 (BITS 6348)

INTRA-PACKET DATA HEADER FOR MSG 2 (BITS 1)

INTRA-PACKET DATA HEADER FOR MSG 2 (BITS 3116)

INTRA-PACKET DATA HEADER FOR MSG 2 (BITS 4732)

COMMAND WORD

COMMAND, STATUS, OR DATA WORD

DATA OR STATUS WORD

DATA OR STATUS WORD

INTRA-PACKET TIME STAMP FAGR MSG N (BITS 150)

INTRA-PACKET TIME STAMP FAGR MSG N (BITS 3116)

INTRA-PACKET TIME STAMP FAGR MSG N (BITS 4732)

INTRA-PACKET TIME STAMPFOR MSG N (BITS 6318)

INTRA-PACKET DATA HEADER FOR MSG N (BITS 1850)

INTRA-PACKET DATA HEADER FOR MSG N (BITS 3116)

INTRA-PACKET DATA HEADER FOR MSG N (BITS 4732)

COMMAND WORD

COMMAND OR DATA, WORD

DATA OR STATUS WORD

DATA OR STATUS WORD

PACKET TRAILER

Figure 1034. MIL-STD-1553 data packet, format 1.
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10.6.4.3 MIL-STD-1553 Bus Data Packets, FormgBis 16PP194 Weapons Bus Data
This data type provides packetization fet& MIL-STD-1553 weapons multiplelsus as defined
in document 16PP362A (Weapons MUX (WMUX) protocols). 6RP194 transaction consists
of six each 32bit words consisting of a 16PP1@MMAND (1), COMMAND (1) ECHQ,
COMMAND (2), COMMAND (3, GO NOGO)COMMAND (4, GO NOGO)andSTATUSas
illustrated in Figurel0-35. Multiple transactions may be encoded into the data portion of a
single packet.

(€} () “ ®)
" T
(©) (6)

COMMAND (1)
RX - ECHO STATUS

Figure 1035. 16PP194 message transaction

a. MIL-STD-1553 16PP194 Pack€éhannel Specifiata Word The Packet
Body portion of each 16PP MIETD-1553 data packet begins wittCaannel
Specific Data Wordormatted as shown in Figufi€-36.

msb Isb
31 0
MSGCOUNT

Figure 1636. MIL-STD-1553 16PP194 packet chanspkcific data format.

1 Message Count (MSGCOUNT)bits 310) indicates the binary value of the
number of messages included in the packet. An integral number of
complete transaction messages will be in each packet.

b. MIL-STD-1553 16PP194 Packet Bads packet with n MI-STD-1553
16PP194 transactions has the basic structure shown in Eig@iicbelow.
This drawing is merely to represent relative placement of data in the packet.
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msb
31

Isb

PACKET HEADER

16PP194CHANNEL SPECIFIC DATA WORD

INTRA-PACKET TIME STAMP (LSLW)

INTRA-PACKET TIME STAMP (MSLW)

INTRA PACKET DATA HEADER
LENGTH WORD

INTRA PACKET DATA HEADER
STATUS WORD

DATA 1

INTRA-PACKET TIME STAMP (LSLW)

INTRA-PACKET TIME STAMP (MSLW)

INTRA PACKET DATA HEADER
LENGTH WORD

INTRAPACKET DATA HEADER
STATUS WORD

DATAN

PACKET TRAILER

Figure 1637. MIL-STD-1553 16PP194 data packet.

c. MIL-STD-1553 16PP194 IntrRacket HeaderThe intrapacket headeronsists

of the intrapacket data header (LENGTH and STATUS) and the-pédicket

time stamp.

1 MIL-STD-1553 16PP194 IntrBacket Data Header LENGTHIhe length

word contains the length in bytes of the indacket data.

N OTV

The Intrapacket length is fixetb 0x18, 24 bytes

7 MIL-STD-1553 16PP194 IntrRacket Data Header STATUShe status

word contains error and special handling information about the data. The

error i ndi

the data or ocaved during data reception. The format of the status word is

shown in Figurel0-38.

cator bits when set
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Isb
14 13 12 7 6 5 4 3 2 0
TE |RE[TM | RESERVED | SE| R | EE| RESERVED

Figure 1638. MIL-STD-1553 16PP194 intrpacket data header format.

o Transaction Error (TE) (bit 15) Error condition found in 16PP194
transaction.
0 = No Errors found in current transaction
1 = ERROR Condition Found in transaction

o0 Reset (RE) (bit 14) Indicates a 16PP194 Bus Master Reset.
0 = No Master Reset
1 = Master reset Detected on

0 Message Time Out (TM)(bit 13) Indicates a transaction time out
occurred.
0 = No message time out
1 = Message time out

o0 Reserved (bits 127) arereserved

o Status Error (SE)(bit 6) Indicates Status Word missing in
transaction.
0 = Status word present
1 = Status word missing

Reserved (R) (bits 54) are reserved.

o Echo Error (EE) (bit 3) Indicates Echo Word missing in
transaction.
0 = Echo word present
1 = Missing Echo Word

o Reserved.(bits 20) are reserved.

1 MIL-STD-1553 16PP194 IntrBacket Time StampThe intrapacket time
stamp (64 bits total) contains a-BR relative timestamp in the loarder
bits. The 16 higtorder bitsare zero.

d. Packet FormatUnless an error occurred, as indicated by one of the error flags
in the IntraPacket Data Header, the first word following the Length should
always be the first transaction command word. The resultant packets have the
format $1.own in Figurel0-39.
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msb
15

Isb

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 150)

CHANNEL SPECIFIC DATA (BITS 31-16)

INTRA PACKET TIME STAMP (BITS 015)

INTRA PACKET TIME STAMP (BITS 3116)

INTRA PACKET TIME STAMP (BITS 3247)

INTRA PACKET TIME STAMP (BITS 4863)

INTRA PACKET DATA HEADER STATUS

INTRA PACKET DATA HEADER LENGTH

COMMAND (1) (BITS 3t16)

COMMAND (1)(BITS 150)

COMMAND (1) ECHO(BITS 31-16)

COMMAND (1) ECHO(BITS 15-0)

COMMAND (2) (BITS 3%16)

COMMAND (2) (BITS 15-0)

COMMAND (3) GO NOGO (BITS 3416)

COMMAND (3) GO NOGO BITS 150)

COMMAND (4) GO NOGO ECHO (BITS 316)

COMMAND (4) GO NOGO ECHORITS 15-0)

STATUS (BITS 3116)

STATUS BITS 150)

INTRA PACKET TIME STAMP (BITS 0-15)

INTRA PACKET TIME STAMP (BTS 31-16)

INTRA PACKET TIME STAMP (BITS 3247)

INTRA PACKET TIME STAMP (BITS 4863)

INTRA PACKET DATA HEADER STATUS

INTRA PACKET DATA HEADER LENGTH

COMMAND (1) (BITS 3%16)

COMMAND (1) (BITS 15-0)

COMMAND (1) ECHO(BITS 31-16)

COMMAND (1) ECHO(BITS 15-0)

COMMAND (2) (BITS 3%16)

COMMAND (2) (BITS 15-0)

COMMAND (3) GO NOGO (BITS 3416)

COMMAND (3) GO NOGO BITS 150)

COMMAND (4) GO NOGO ECHO (BITS 316)

COMMAND (4) GO NOGO ECHORITS 15-0)

STATUS (BITS 3116)

STATUS @BITS 150)

)

)

PACKET TRAILER

Figure 1039. MIL-STD-1553 16PP194 data packet.
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MIL -STD-1553 16PP194 Data Formatach 2ébit 16PP194 word in a

16PP194 transacticshall be formatted into two it words (Figurel0-40).

The corresponding 16PP194 Sync and Parity bits will not be formatted into the
16PP194 words.

msb
15

Isb
13 12 10 9 8 7 0

BUS ID

\ GAP w | P | 16PP194Data Word (bits 247)

16PP194 Data Word (bits 18

Figure 1640. MIL-STD-1553 26bit 16PP194 word format.

1 MIL-STD-1553 16PP194 BUS ID (BUS IDA threebit field shall be used
to indicate bus identification as follows.

111 | CIU Left Bus A

110 | CIU Left Bus B

101 | CIU Right Bus A

100 | ClU Right Bus B

011 | Response Bus AndB
010 | Response Bus A

001 | Response Bus B

000 | Incomplete Transaction

1 MIL-STD-1553 16PP194 GAP (GAPA threebit field shall be used to
indicate GAP between transactions as follows.

111 | GAP>9.15us

110 | 7.55uS GAP <=9.15 uS
101 | 5.95 uS<GAP <=7.55uS
100 | 4.35 uS<GAP <=5.95
011 | 2.75 uS<GAP <=4.35uS
010 | 2.75 uS<GAP <=4.35uS
001 | 1.15 uS<GAP <=2.75uS
000 | Not Applicable

N OT?

Gap time is measured from raddossing of parity bit from previous received
word to themid-crossing of the sync bit of the current word in 1uS counts

1 MIL-STD-1553 16PP194 Word Bit Error (W) | f the bit i
indicates that a Manchester Error was detected in the word.

1 MIL-STD-1553 16PP194 Word Parity Error(P) | f t he bit
indicates that a parity error occurred in the word.

1 16PP194 Data Word (bits 46§: 16PP194 data field as igure10-41.
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1 16PP194 Data Word (bits 247): 16PP194 RIU Address and RIU Sub
Address as ifrigure 1041

MSB LSB
25|24123|22|21|20|19|18|17|16|15|14|13|12|11/10/9 |8 |7 |6 |54 |3 2|10

RIU RIU SUB

ADDRESS ADDRESS DATAFIELD

oz<wn
<—4—-2>7T

16PP194 Message Format
(as it appears on the aircraft)

RIU RIU SUB

v ADDRESS ADDRESS

‘ BUS ID ‘ GAP z

‘ DATA FIELD K

MSB LSB
15/14|13|12|11(10{9 |8 |7 |6 |5 /4|3 |2 |1|0

16PP194 32-bit Intra-Packet Word Format (as it appears in the data
packet)

Figure 1041 16PP194 Wordrormat.
10.6.5 Analog Data Packets

10.6.5.1 Analog Data Packets, Format Reserved.

10.6.5.2 Analog Data Packets, Format The generic packet structure for analog data is
illustrated in FigureL0-42.

An Analog Data Packet will containGhannel Specific Data Wordr each subchannel
of analog data sampled within that packet if the SAME bit is set to O, or it will contain a single
Channel Specific Data Wofdr the entire analog packet if the SAME bit is set tar'his will be
followed by at least one complete gaimg schedule of data.

A sampling schedule is defined as a sampling sequence in which each subchannel,
described by &hannel Specific Data Worts sampled at least once. In many cases, due to
simultaneous sampling rules and varied sampling ratparticular subchannel will be sampled
more than once during a sampling schedule. In addition, multiple complete sampling schedules
may be included in a single packet. For these reasons, the nundexrofel Specific Data
Words will usually be less tlmthe number of samples.

Figure10-42 depicts the generic packet data structure for M data subchannels and a
single sampling schedule that has a length N. Note that the width of the structure is not related to
any number of bits and is merely intended to represent relative placement ofwitbnashe
packet.

10-56



Telemetry Standards, IRIG Standard 206(Part 1) Chapter 10June2011

PACKET HEADER

CHANNEL SPECIFIC DATA WORD SUBCHANNEL 1

CHANNEL SPECIFIC DATA WORD SUBCHANNEL 2

CHANNEL SPECIFIC DATA WORD SUBCHANNEL M

SAMPLE 1

SAMPLE 2

SAMPLE N

PACKET TRAILER

Figure 1642. Generic analog data packet, format 1.

N OTV

The Packet Header Time in an Analog Data packet shall correspond
first data sample in the packet. There are noRaeket Headers in
Analog Data Packets.

a.

Analog Packe€Channel Specific DataThe Packet Bodyportion of each Analog
packet begins with th€hannel Specific Data Wofs). Each subchannel that is
sampled with the packet sampling schedule must h&reaanel Specific Data
Word within the packet.Only oneChamel Specific Data Word required if
subchannel s are sampl ed at ,andchavetha me
same bits per saadsanieeacking mddd\N(®ODEOB)t 28

of theChannel Specific Data Woghall be used to indicate same sampling data
rate for subchannels.

Channel Specific Data Waosdor Analog Data Packets are formatted as
shown in Figurel0-43.

msb Ish
31 29 28 27 24 23 16 15 8 7 21 0
RESERVED| SAME | FACTOR | TOTCHAN | SUBCHAN | LENGTH |MODE

Figure10-43. Analog packeChannel Specific Data Word

T Reserved (bits 3129) are reserved.

1 Sane. (bit 28) specifies if thi€hannel Specific Data Wowmpplies for all
the channels included in the packet, or if each channel has it€loaymel
Specific Data Word
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0 = each analog channel has its drannel Specific Data Word
1 = TheChannel Specific Data Woid valid for all analog channels
stored inthis packet

1 Factor (bits 2724) is the exponent of the power of 2 sampling rate factor
denominator for the corresponding subchannel in the range 0 to 15. (The
sampling rate factor numerator is always 1.)

0x0 = sampling rate factor denominat8=21=> factor =,
0x1 = sampling rate factor denominator=22 => factor = %2
0x2 = sampling rate factor denominatér=24 => factor = ¥4

OxF = sampling rate factor denominatdr 2 32768 => factor =/57¢s

1 Totchan (bits 2316) indicates the total number of analog subchannels in
the packet (and the number@fhannel Specific Data Wosdn the packet

This Totchan field must be the same value irChlhnnel Specific Data
Words in a single packet. The Totchan value may be lesshbdargest
Subchan value. This can happen when a roblinnel analog input device
has some of its subchannels disabled (turned off) for a specific recording.
For example, if an analog input device has eight subchannels and not all
eight are active, aanalog data packet may have three subchannels
(Totchan=3) numbered 4, 7, and 8 (enabled Subchan = 4, 7, 8). The
number of subchannels (Totchan) and the subchannel number for each
active subchannel (Subchan) in a packet are identified in the accompanying
TMATS (Computer Generated Data, Format 1) packet.

0x00 = 256Subchannels
0x01 = 1 Subchannel
0x02 = 2 Subchannels

T Subchan (bits 158) indicates a binary value representing the number of the
analog subchannel.

When an Analog Packet contains data from more than one subchannel
and theChannel Specific Data Waosdare not the same for all channels (see
field Same, bit 28), th€hannel Specific Data Wasdnust be inserted into
the packet in ascending subchannel nunalsedentified by this Subchan
field. The Subchan values in th&Skannel Specific Data Woscheed not
be contiguous (see Totchan), but they must be in ascending decimal
numerical order with the exception that subchannel 0 (256) is last. If the
A S a mieiwsetbthe Subchan field shall be set to zero.

0x01 = Subchannel 1
0x02 = Subchannel 2

0x00 :- Subchannel 256
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1 Length (bits 72) indicates a binary value representing the number of bits
in the Analog to Digital converter (A/D).
000000 =sixty-four bit samples
000001 = one bit samples

001000 = eight bit samples

001100 = twelve bit samples

T Mode (bits 20) indicates alignment and packing modes of the analtay d
When TOTCHANIs more than 1, theIODE must be the same forl al
subchannels in a single packet.

00 = data is packed

01 = data is unpacked, Isb padded
10 = Reserved for future definition
11 = data is unpacked, msb padded

NOT’]’ For the special case of defining a single channel (Totchan =1), there

two options: a) ne channel with no suthannels or b) one channel as it
own subchannel In such cases the bits are to be defined as follows:

One channel with | One channel with
no subchannel one subkchannel
Totchan
(bits 2316) 1 1
Same (bit 28) 1 0
Subchan
(bits 158) 0 1

b. Analog SamplesTo preserve timing relationships and allow for accurate

reconstruction of the data, a simultaneous sampling scheme shall be employed.
The highest sampling rate required shall define the primary simultaneous
sampling rate within the packet. The primampultaneous sampling rate is
identified in the Telemetry Attributes Transfer Standard (TMATS) file

describing the attributes of the analog data packet. The rate at which the other
subchannels are sampled is then defined by the sampling factor (1145, ¥4,

Y16, Ha2769 for each subchannel. As an example, a sampling factor of ¥4 would
yield that subchannel being sampled at-tmath the primary simultaneous
sampling rate and a sampling factor of 1 would yield that subchannel being
sampled at thprimary simultaneous sampling rate.

Directly following theChannel Specific Data Wofs), at least one

complete sampling schedule shall be inserted in the packet. The samples,
within the sampling sequence, may be inserted either unpacked, MSB Packed,
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or LSB Packed as describedparagrapli0.6.5.2b(1)and10.6.5.2b(2) In

either case, one or more subchannels may be included in a single packet. When
multiple subchannels are encapsulated asingle packet, the subchannel with

the highest sampling rate requirement defines the primary simultaneous
sampling rate. The rate at which the other subchannels are sampled is defined
by the sampling factor (contained within t@aannel Specific Daté&/ords).

Sampling factors are defined as:

*X K = o, 1, 2, 3, 4, 5, e

Q_)o
=
- OO

K

O
N

of the Primary Simultaneous Sampling Rate X.
The subchannels are then sampled and ordered such that:

1 The highest sample rafi¢ X subchannel(s) appear in every simultaneous
sample,

~

alo . .
1 The 8659* X subchannel(s) appeiar every 2nd simultaneous sample,

T The subchannel(s) appedr every 4" simultaneous sample,

%3 x
€ and so on until all the subchannel s
sampling schedule of all subchannels described bgtlaanel Specific Data

Words. In doing so, the total number of simultaneous samples (not the total
number of samples) will equal the denominator of the smallest sampling factor

and all subchannels will be sampled in the last simultaneous sample.

For example, a packet with six subchannels with Sampling Factdtg %,
Y, 1, and/s respectively will yield a sampling sequence within the data packet as:

Simultaneous Sample 3ubchannel 3
Simultaneous Sample 3ubchannel 5

Simultaneous Sang 2:Subchannel 1
Simultaneous Sample ubchannel 3
Simultaneous Sample Qubchannel 4
Simultaneous Sample ubchannel 5

Simultaneous Sample Subchannel 3
Simultaneous Sample Subchannel 5

Simultaneous Sample @ubchannel 1
Simultaneoussample 4Subchannel 3
Simultaneous Sample 8ubchannel 4
Simultaneous Sample @ubchannel 5

Simultaneous Sample Subchannel 3
Simultaneous Sample Subchannel 5
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Simultaneous Sample Subchannel 1
Simultaneous Sample $ubchannel 3
Simultaneous Sample &ubchannel 4
Simultaneous Sample Subchannel 5

Simultaneous Sample Subchannel 3
Simultaneous Sample Subchannel 5

Simultaneous Sample 8ubchannel 1
Simultaneous Sample 8ubchannel 2
Simultaneous Sample 8ubchannel 3
Simultaneous Sample 8ubchannel 4
Simultaneous Sample 8ubchannel 5
Simultaneous Sample 8ubchannel 6

Notice that the denominator of the smallest sampling factor defines the number of
simultaneous samples within the packet (in this example, 8)velskr, the total
number of samples within the sampling schedule does not have to equal the number
of simultaneous samples (in this example, 26). Also notice that all subchannels are
sampled during the last Simultaneous Sample. The order of the suddwmnpkes
in each simultaneous sample is ascending by subchannel number.

Any number of complete sampling schedules may be placed within a packet so
that the maximum packet length is not exceeded.

(1) Unpacked Mode In Unpacked Mode, packing is disabkatd each sample is
padded with the number of bits necessary to align eacti with the next
16-bit boundary in the packet. Four (4) pad bits are added to 12 bit words,
eight (8) pad bits are added téb& words, etc. All pad bits shall equal zero.

NOTE
Samples less than 8 bits go into akiBword boundary.

To illustrate msb padding, given M analog subchannels mapping into N
samples for the special case of all samples having bit lengths of 12 bits, the
resultantAnalog packets with msb padding hdtie form shown in
Figure10-44.
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msb Isb
15 0
PACKET HEADER
CHANNEL SPECIFIC DATA WORD SUBCHANNEL 1 (BITS 150)
CHANNEL SPECIFIC DATA WORD SUBCHANNEL 1 (BITS 3116)
CHANNEL SPECIFIC DATA WORD SUBCHANNEL 2 (BITS15-0)
CHANNEL SPECIFIC DATA WORD SUBCHANNEL 2 (BITS 3116)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL M (BITS 150)
CHANNEL SPECIFIC DATA WORD SUBCHANNEL M (BITS 3116)

4-PAD BITS SAMPLE 1, 12DATA BITS

4-PAD BITS SAMPLE 2, 12 DATA BITS

4-PAD BITS SAMPLE 3, 12 DATA BITS

4-PAD BITS | SAMPLE N, 12 DATA BITS
PACKET TRAILER

Figure 1644. Analog data packetunpacked mode, msb padding.

To illustrate LSB Packing, given M analog subchannels mapping istnipbles
for the special case of all samples having bit lengths of 12 bits, the resultant
Analog packets with LSB paddirhave the form shown in Figui®-45.

msb Isb
15 0

PACKET HEADER

CHANNEL SPECIFIC DATA WORD SUBCHANNEL 1 (BITS 180)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL 1 (BITS 3116)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL 2 (BITS 150)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL 2 (BITS 3116)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL M (BITS 150)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL M (BITS 3116)

SAMPLE 1, 12 DATA BITS 4-PAD BITS

SAMPLE 2, 12 DATA BITS 4-PAD BITS

SAMPLE 3, 12 DATA BITS 4-PAD BITS

SAMPLE N, 12 DATA BITS \ 4-PAD BITS
PACKET TRAILER

Figure10-45. Analog data packetunpacked mode, Isb padding.
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(2) Packed Mode In Packed Mode, packing is enabled and padding is not added
to each data word. However, if the number of bits in the packet are not an
integer multiple of 16, then Y filler bits will be used to msb fill thst data
word, forcing alignment on a 6t boundary. The value of Y is sixteen (16)
minus the integer remainder of L, the total number of data bits in the packet,
divided by 16 and is mathematically expressed as:

Y = 16- (MODULUSIL,16}).

To illustrate msb padding, given M Analog subchannels mapping into N
samples for the special case of all samples having bit lengths of 12 bits, the
resultant Analog packets with padding bits at the end of thsaple have

the form shown in Figur&0-46.

msb
15

Isb

PACKET HEADER

CHANNEL SPECIFIC DATA WORD SUBCHANNEL 1 (BITS 150)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL 1 (BITS 3116)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL 2 (BITS 150)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL 2 (BITS 3116)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL M (BITS 150)

CHANNEL SPECIFIC DATA WORD SUBCHANNEL M (BITS 3116)

SAMPLE 2 (BITS 30) | SAMPLE 1 (BITS 110)
SAMPLE 3 (BITS 70) | SAMPLE 2 (BITS 114)
Y PADDING BITS SAMPLE N (BITS 110)
PACKET TRAILER

Figure10-46. Analog data packetpacked mode packet.

10.6.6 Discrete Data Packets

10.6.6.1 Discrete Data Packets, Format Reserved.

10.6.6.2 Discrete Data Packets, FormatA packet with Discrete data has the basic structure

shown in Figurel0-47. Note that the width of the structure is not related to any number of bits.
This drawing is merely intended to represent relative placement ohda@packet. One to 32
discrete states may be recorded for each event.
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PACKET HEADER
CHANNEL SPECIFIC DATA
INTRA-PACKET HEADER FOR EVENT 1
EVENT 1 STATES
INTRA-PACKET HEADER FOR EVENT 2
EVENT 2 STATES

INTRA-PACKET HEADER FOR EVENT N
EVENT N STATES
PACKET TRAILER

Figurel0-47. General discrete data packet, format 1.

a. Discrete Packegfhannel Specific Data WordThe Packet Body portion of each
Discrete packet begins with tlhannel Specific Data Woyavhich is
formatted as shown in Figul€-48.

msb
31

Isb
8 7 3 2 0

RESERVED | LENGTH| MODE

Figure10-48. Discretepacketchannel data word format.

1 Reserved (bits 318)

1 Length (bits 73). Indicates a binary valuepresenting the number of bits
in the event The value of zero indicates 32 bits.

1 Mode (bits 20). Indicates the mode of accessing the discrete data.

Bit O: indicates the Record State.
0 = discrete data is recorded when the state changes
1 = discrete data is recorded on a time interval basis

Bit 1: indicates the alignment of the data.

0= Isb
1= msb

Bit 2: reserved.

b. Discrete Data After theChannel Specific Datdiscrete data (Figurg0-49) is
inserted in the packet. Discrete data are described as Events. Each Event
includes theevent Statdor each discrete input and the corresponding Intra
packet Time. Th&vent Statés a 32bit word that provides the logical state of
each discrete put.
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msb Isb
31 30 1 0
D31 | D30 | é | D1 | DO

Figure 1049. Discrete data format.

1 Discrete Event Bits (Bits 310) indicate the states of the discrete event bits.

Bit 31: indicates Discrete 31 (D31) State.
0 = discrete831 is at state O
1 = discrete 31 is at state 1

Bit 30: indicates Discrete®(D30) State.
0 = discrete @is at state O
1 = discrete Bis at state 1

Bit 1: indicates Discrete 1 (D1) State.
0 = discrete 1 is at state 0
1 = discrete 1 is atate 1

Bit 0: indicates Discrete 0 (DO) State.
0 = discrete O is at state O
1 = discrete O is at state 1

c. Discrete Event Intr#acket HeaderAll discrete events shall include an Intra
Packet Header consisting of an InRacket Time Stamp only, wdh is inserted
immediately before the discrete event. The length of the-RacketHeader is
fixed at 8 bytes (64its) positioned contiguously, arranged in the sequence
shown in Figurel0-50.

msb Isb
31 0

TIME (LSLW)

TIME (MSLW)

Figure10-50. Discrete event intrpacket header.

1 Intra-Packet Time Stamp(8 Bytes) indicate the time tag of the discrete
event. First Long Word Bits 30 and Second Long Word Bits-8lindicate
the following values:

(1) The48-bit Relative Time Counter that corresponds to the first data bit
of the discrete event with bits 31 to 16 in the second long word zero
filled or;

(2) The Absolute Time, if enabled by bit 6 in the Packet Flags
(paragrapli0.6.1.1). Time format corresponds to the time format
indicated by bits 2 and 3 in the Packet Flagedgraphi0.6.1.1) and
to the first data bit of the discrete event. The discrete data packet format
is presented in Figurgd-51.
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msb Isb
15 0
PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 150)

CHANNEL SPECIFIC DATA (BITS 3116)
INTRA-PACKET TIME STAMP FOR EVENT 1 (BITS 1I®)
INTRA-PACKET TIME STAMP FOR EVENT 1 (BITS 3116)
INTRA-PACKET TIME STAMP FOR EVENT 1 (BITS 4-82)
INTRA-PACKET TIME STAMP FOR EVENT 1 (BITS 638)

STATES FOR EVENT 1 (BITS 1I®)
STATES FOR EVENT 1 (BITS 3116)

INTRA-PACKET TIME STAMP FOR EVENT n (BITS 1®)
INTRA-PACKET TIME STAMP FOR EVENT n (BITS 3116)
INTRA-PACKET TIME STAMP FOR EVENT n (BITS 432)
INTRA-PACKET TIME STAMP FOR EVENT n (BITS 638)
STATES FOR EVENT n (BITS 19)
STATES FOR EVENT n (BITS 3116)
PACKET TRAILER

Figure 1651. Discrete data packet format.

10.6.7  Computer Generated Data Packd®ackets with Computer Generated Data have the
basic structure shown in Figut&-52. Formats 0, 1, 2, and 3 are used to add information

packets to recorded data. This information contains annotation data,esmitgsr events, or

index information for the data that has been recorded. The width of the structure is not related to
any number of bits. This drawing is merely intended to represent relative placement of data in
the packet.

generated within the recorder. After lBkannel Specific Data Worthe
Computer Generated Data is inserted in the packet. The organizatior
content of the Computer Generated Data is determined by the specifi
Format type.

NOTV Computer Generated Datadefined as noexternal data or data

PACKET HEADER
CHANNEL SPECIFIC DATA

COMPUTER GENERATED DATA
PACKET TRAILER
Figurel0-52. General computer generated data packet format.

10.6.7.1  Computer Generated Data Packets Format 0, User Defifmdhat O enables the
insertion of usedefined Computer Generated Dafaata camot be placed in this packet if the
data type is already defined within this standard nor can data be inserted in this packet if it is
generated from an external input to the recorder.
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1 Computer Generated Packets Form&h@nnel Specific Data WordTlhe
Packet Bodyortion of each Format O Packet begins with@hannel Specific
Data Word which is formatted as shown in Figur@-53.

msb Isb
31 0
RESERVED

Figure10-53. Computer generated formatGhannel Specific Data Worfdrmat.

o0 Reserved (bits 310) are reserved.

10.6.7.2 Computer Generated Data Packets Format 1, Setup Re¢andsat 1 defines a
setup record that describes the hardware, software, andhdemael configuration used to
produce the other data packetshe file. The organization and content of a Format 1 Setup
Record is indicated in thehannel Specific Data WoleRMT field.

It is mandatory for a setup TMATS record to be utilized to configure the recorder. A
Format 1 Computer Generated Data Packataining the setup TMATE&cord utilized to

configure the recorder shall be the first packet in each data file. A single setup record may span
multiple consecutive packets. When spanning multiple packets, the sequence counter shall

increment in the aler of segmentation of the setup record, n+1.

a. Format 1- Channel Specific Data WordThePacket Bodyortion of each
Format 1 Packet begins with tidannel Specific Data Woyravhich is formatted
as shown in Figur&0-4.

msb Isb
31 10 9 8 7 0
RESERVED | FRMT | SRCC] CH10VER

Figure 1654. Computer generated formatChannel Specific Data Worfdrmat.

1 Reserved (bits 3110) are reserved.

1 ERMT (bit 9} Setup record format.
0 = Setup Record IAVRCC 106 Chapter 9 ASCII Format
1 = Setup Record IAVRCC 106 Chapter 9 XML Format

NOTE
It is not permissible to have both ASCII and XNRCC 106 Chapter 9

TMATS attributes in the same recording or recording sessions.
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1 Setup Record Configuration Change (SRC@jit 8) indicates if the recorder
configuration contained in thegvious Setup Record packet(s) of the current
recording session (defined as .RECORD to .STOP) has changed.

0 = Setup Record Configuration hdst Changed
1 = Setup Record Configuration lakanged

shall be set to 1 and the new setup record packet will be committed t(
streamprior to any new or changed data packets being commdatdte

stream. The next setup record packet(s) committed to the stream, if 1
changed from this new setup record, shall clear the SRCC bit to 0.

NOT? When a setup record configuration change has taken place, bit 8 (SR

NOTE Prior to the new setup record b
Record Conf i gur pdacketshall k& Imserteg mto thee v

stream.

requirements including, but not limited to, the minimum required TMA|
attributes.

N OTV Each new setup record packet must adhere to all applicable setup req

1 RCC106Chapter 10 Version (CH10VERA 1-Byte indicator of which
RCC 106 Chapter 10 release version the recorder requirements and following
recorded data are applicable to and comply with. The value shall be represented
by the following bit patterns:

0x00 thruOx06 = Reserved
0x07 = RCCG106-07
0x08 = RCCG106-09
0x09 = RCCG10611
OxO0A thru OxFF = Reserved

Individual paragrapti0.6Data Types and their format/content compliancy
and applicability with th&CC 106 Chapter 10 release versiaredefined in
paragraphl0.6.1.1e

10.6.7.3 Computer Generated Data Packets Format 2, Recording. Bvemat 2 defines

a recording event packet that contains the occurrence and information of one or more individual
events thathave beene f i ned wi thin the Format 1 Setup Re
attribute. If the Recording Events information is larger than the maximum packet size of 512K

bytes, the Recording Events information may be contained in multiple packets using the Major

Paclet Header Sequence Number.
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Events associated with the .EVENT command defined in Tibfcan only be directly
accessed from the recorder itself and are not contained within the recording data. This does not
preclude defining an event driven by the .EVENT command to also be defined within the
Recording Event setup record information and planehe appropriate event entry within an
event packet. The .EVENT recorder command and the Recording Event packets will not be
directly linked in this standard and any linking between the two will be an implementation of this
standard within a recorder.

NOTE
It is not the intent for the event packets within the data to be directly
coupled with recorder events per the .EVENT command in Tdb%e

a. Event Packet LocationRecording Event packets may be placed at any location
within the recording after the first Time Data packet and before the last Root
Index Packet. This may be at the time each event occurs, after multiple events
have occurred or at an interval of time or packets. The complete event log of a
recording (defined ifcvent Period of Captungaragrapii0.6.7.3¢ is
constituted by the contents of all event packets in a recording concatenated in
order of which the event(s) occurred in time.

NOTE
Index Packetsvill be enabledf Recording EvehPackets arenabled

b. Channel Specific Data WordThePacket Bodyortion of each Format 2
Packet begins with théhannel Specific Data Woravhich is formatted as
shown in Figurel0-55.

msb Isb
31 30 12 11 0
IPDH | RESERVED \ REEC

Figure 1655. Computer generated formatChannel Specific Data Word

1 Recording Event Intréacket Data Header (IPDHjbit 31) indicates the
presence of the IntfBacket Data Header.
0 = Recording Event IntrBacket Data Header NBresent
1 = Recording Event IntrfRacket Data Header Present

1 Reserved (bits 3012) are reserved.

1 Recording Event Entry Count (REEC{bits 110) are an unsigned binary
that identifies the count of recording event entries included in the packet.
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c. Event Period of CaptureDenotes the period of capture (Figlfe56), and is
defined to encompass the events occurring from the time a .RECORD command
(paragrapli0.79) is issued (if it is the fst recording) until the time a .STOP
command jparagrapli0.79) is issued. If there is a previous recording, the
period of capture is described as encompassing those events that occur from the
previ ous r e ccommandunngildhe .STCH TanmMand of the current
recording. This ensures that any events that occurred between recordings will
be captured and will include special indicators that the event occurred between
.STOP and .RECORD commands.

Priority conditionsand event limit counts are defined in the setup record
attributes for each defined event. The ability to put finite limits on events
during periods of capture precludes overflowing buffers or media capacities.
These priority conditions and event limitwrds are as follows:

Priority 1: Defined event will always be captured during and in between
recordings.

Priority 2: Defined event will always be captured during recordings and
up to a limit count between recordings.

Priority 3: Defined event will alwaybe captured during recordings and
not captured between recordings.

Priority 4: Defined event will be captured up to a limit count during
recordings and between recordings.

Priority 5: Defined event will be captured up to a limit count for each
defined evenduring recordings and not captured between
recordings.

Recording n Event Recording n+1 Recording n+2
Period Event Period Event Period

Figurel0-56. Events recording period.
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. Event Condition of CaptureEvent trigger mode conditions during the Event
Period of Capture aresfined in the setup record attributes for each defined
event. These MEASUREMENT DISCRETE or MEASUREMENT LIMIT
trigger mode conditions are as follows:

Mode 1. Capture MEASUREMENT DISCRETE event at each
On (1) and Off (0) mode transition sampling.

Mode2: Capture MEASUREMENT DISCRETE event at each
On (1) mode transition sampling.

Mode 3: Capture MEASUREMENT DISCRETE event at each
Off (0) mode transition sampling.

Mode 4. Capture MEASUREMENT LIMIT event at each
High and Low value transition sampling.

Mode 5: Capture MEASUREMENT LIMIT event at each
High value transition sampling.

Mode 6: Capture MEASUREMENT LIMIT event at each
Low value transition sampling.

NOTV If Event Type is MEASUREMENT DISCRETE or MEASUREMENT

LIMIT, the trigger measurement muse fully described using the Setup
Record attributes for PCM, Bus, Analog, or Discrete channels. The tr
measurement source and measurement saaltbe identified in the
Event Definition.

e. Event Initial Capture Event initial capture conditiorase defined in the setup

record attributes for each defined event. This determines if an event will be
captured initially prior to the transition mode set for the event if the transition
has already occurred prior to the Event Period of Capture.

EventTrigger Measurement Descriptiof Event Type is MEASUREMENT
DISCRETE or MEASUREMENT LIMIT, the trigger measurement must be
fully described using the Setup Record attributes for PCM, Bus, Analog, or
Discrete channels. This shall include at a minimunfdhewing attributes for
the Trigger measurement:

(1) Measurement Source (via data link name).

(2) Measurement Name.

(3) Applicable Measurement Value Definition or Bit Mask.

(4) High Measurement Value (if MEASUREMENT LIMIT at or above the
high limit is used to trigger the event).

(5) Low Measurement Value (if MEASUREMENT LIMIT at or below the
low limit is used to trigger the event).

(6) Applicable Measurement Name Engineering Unit Conversion.
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. Recording Event Intr?acket Time Stamp(8 Bytes) indicatethe time tag of

the Recording Event Entry as follows:

(1) The 48bit Relative Time Counter that corresponds to the Event Entry

(2)

with bits 31 to 16 in the second long word zero filled. For Event Types
that are MEASUREMENT DISCRETE or MEASUREMENT LIMIT, the
time tag will correspond tthe data packet timing mechanism containing
the trigger measurement. This will either be the Packet Header Relative
Time Counter value or, if enabled, the InRBacket Time Stam¢

whichever most accurately provides the timne ¢vent occurred; or

The Absolute Time, if enabled by bit 6 in the Packet Flags
(paragrapii0.6.1.1.¢. Time format corresponds toethime format
indicated by bit2 and 3 in the Packet Flagsaagrapii0.6.1.1.¢ and to

the Event Entry. For Event Types that are MEASUREMENT DISCRETE
or MEASUREMENT LIMIT, the time tag will correspond to the data
packet timing mechanism containing the trigger measurement. This will
either be the Packet &ndary Header (if enabled and using an absolute
time value) or, if enabled and using an absolute time value, the Intra
Packet Time Stam@ whichever most accurately provilthe time the

event occurred.

The format of the recording event infpacket heder is presented in
Figure10-57. Figurel0-58 andFigurel0-59 present the general
recording event packet format and recording event entry layout.

. (Optional) Recording Event Inti@acket Datdleade. (8 Bytes) contains the

absolute time of the event occurrence. The time source and format shall be
derived from the Time Data Packet, Format 1. Unuseddridér bits will be
zero filled as needed, depending on the time type of the Time DdtatPac

msb
31

Isb
0

INTRA-PACKET TIME STAMP (LSLW)

INTRA-PACKET TIME STAMP (MSLW)

(OPTIONAL) INTRA-PACKET DATA HEADER (LSLW)

(OPTIONAL) INTRA-PACKET DATA HEADER (MSLW)

Figurel0-57. Recording event intrpacket header.
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i. Event Packet Entry FormafFigurel0-54 andFigurel10-55 present the general
recording event packet format and recording event entry layout.

PACKET HEADER
(Optional) PACKET SECONDARY HEADER
CHANNEL SPECIFIC DATA
INTRA-PACKET TIME STAMP FOR EVENTL
(Optional) INTRAPACKET DATA HEADER FOR EVENT 1
RECORDING EVENT 1
INTRA-PACKET TIME STAMP FOR EVENT 2
(Optional) INTRAPACKET DATA HEADER FOR EVENT 2
RECORDING EVENT 2

INTRA-PACKET TIME STAMP FOR EVENT n
(Optional) INTRAPACKET DATA HEADER FOREVENT n
RECORDING EVENT n
PACKET TRAILER

Figurel0-58. General recording event packet format.

msb Isb
31 29 28 27 12 11 0
RESERVED | EO | EVENT COUNT | NUMBER

Figurel0-59. Recording event entigayout.

1 Reserved (bits 3129) Reserved for future growth and shall be zero filled.

1 Event Occurrence (EO)(bit 28) Indicates Event Occurrence State.
0 = Indicates the event occurred after the .STOP command and before
the .RECORD command.
1 = Indicdes the event occurred after the . RECORD command and
before the .STOP command.

1 Event Count (bits 2712) An unsigned binary that identifies the count of up
to 65,535 occurrences of an individually defined event (as defined by Event
Number in thefollowing paragraph). Event occurrence counts shall begin at
0xO0 for the first occurrence of an individual event type (identified by the
Event Number). The event count can roll over to 0x0 and begin to count up
again. The event count applicability is for eacte®veriod of Capture as
defined inparagrapli0.6.7.3c The Event Count shall start from 0x0 at the
beginning of each Event Period of Capture incrementing at n+0x1 to
OxFFFF for each event occurrence. If the event coaches OxFFFF
within the Event Period of Capture it shall roll over to 0x0.

1 Event Number (bits 120) An unsigned binary that identifies 4096
individual events types defined in the corresponding setup record Recording
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Event Number. The Event Number shadgin at OxO0 for the first event
type defined in the setup record and increment n+1 for the next event type
defined in the setup record.

10.6.7.4  Computer Generated Data Packets Format 3, Recording. Ifdes cefines an

index packefor an individual ecording file used for direct access into the recording file.

Recording Index packets will be enabled when Recording Event packets are enabled. There are
two types of index packets:

NOTE

Recording Index packetsill be enabledvhen Recording Event packets
areenabled

1 Root Index Packetsontain zero based byte offset entries that are the beginning
of Node Index packets. The last entry will be an offset to the beginning of the
previous root index packet if there are mthran one Root Index packets, or to the
beginning of the Root Index packet itself, if this root index packet is either the
first root index packet of the recording or the only root index packet. Root Index
packets will not contain Filler in the Pa¢Keaailer and will contain a 3bit Data
Checksum in the Packet Trailer.

NOTE

Root Index packets shall not contain Filler in the Patkailer and shall
contain a 32bit Data Checksum in the Packet Trailer.

Each recording file with indexes enabled shall hawerainimum one (1)
Root Index Type packet.

1 Node Index Packetgontain Node Items structures containing information
about the location of data packets throughout the recording.

NOTE At a minimum, an index entrghall existfor each Time Data Packet in th
recording and, at a minimum, an index erginall existfor each Recording
Event Packet in the recording.
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NOTE

If the Recording Index Type uses a Count rather than Time, the Time
Packets and Computer Generated DaiekBts are not included in the
count interval.

If the Recording Index Type uses a Time rather than Count, the Time
Packets are not included in the time interval. If the Time Count value
coincides with the Time Packet rate, then one index entrylshalleated.

NOT‘E,

If the Recording Indexes aemabledthe Computer Generated Data Pac
Format 1 Setup Record Count or Time interval value cannot be zero.

a.

Recording Index Packet Locatioif indexes are enabled, a Root Index packet
(Figure10-60) will be the last packet in any recording file. More than one (1)
Root Index Type packet may be created and may be located within the
recording. Root Index packets are not required to be contiguous. Node Index
Types maybe placed at any location within the recording after the first Time
Data packet and before the last Root Index packet. This may be at an interval of
time or packets. If Indexes are based on a time interval, the time interval shall
be referenced to andibed on 10MHz RTC counts. When a tibased index

time interval expiration takes place and all packet(s) are open (not generated),
the index offset and time stamp will be based on the first of the opened packets
generated. Packet generation and packatrggion time shall apply per the
definitions in paragraphO.2
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Beginning of Recording Session

Time Data Packet

Data Packet

Packet Header Node Index Packet 1

CSDW

File Size (Opt
IPH

Data Packet

Time Data Packet

Channel ID Node Entry 1
Data Type IPH Data Packet
Data Packet Offset :
IPH
Node Entry n

Event Packet

Time Data Packet

fintra-Packet Headero (IPH) :
contains a Intra-Packet Time Data Packet
Stamp & optional Intra-Packet
Data Header

Data Packet

Root Index Packet 1 Packet Header

Time Data Packet
fRoot Offsetopoints to the Node Index Packet n
previous Root Index Packet or
to itself if it is the only or first
Root Index Packet

Root Index Packet n

End of Recording Session

Root Offset

Packet Trailer

Figure10-60. Format showing root index packet.

b. Channel Specific Data Wordlhe Packet Body portiasf eachFormat 3
Packet begins with théhannel Specific Data Woyravhich is formatted as
shown in Figurel0-61.

msb Isb
3. 30 29 28 16 15 0
IT | FSP | IPDH | RESERVED | INDEX ENTRY COUNT

Figure 1661. Channel Specific Data Worfdrmat.

1 Index Type (IT) (bit 31) indicates the type of index packet.
0 = Root Index
1 = Node Index

1 File Size Present (FSP}bit 30) indicates if the file size at the time the
index packet was created is present.
0 = File Size Not Present
1 = Hle Size Present

1 IndexIntra-Packet Data Header (IPDHjbit 29) indicates the presence of
the IntraPacket Data Header.
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0 = Index IntraPacket Data Header Not Present
1 = Index IntraPacket Data Header Present

Reserved (bits 2816) are reserved.

Index Entry Count (bits 150) indicates the unsigned binary value of the
number of index entries included in the packet. An integral number of
complete index entries will be in each packet.

N OTV

The IntraPacket Data Header (IPDH) presence once set (2@lshall be
the same state for the entire recording.

c. Recording Index Intr&Packet Time Stamp(8 Bytes) indicates the time tag of

the Recording Index Entry as follows:

T

The 48bit Relative Time Counter that corresponds to the Index Entry, with
bits 31 t016 in the second long word zero filled. For Node Index Packets
this corresponds to the first bit in the packet body of the packet associated
with the Node Index Item; or

The Absolute Time, if enabled by bit 6 in the Packet Flags
(paragrapii0.6.1.1.¢ Time format corresponds to the time format
indicated by bits 2 and 3 in the Packet Flgggedgrapii0.6.1.1.¢ and to
the Index Entry. For Node Index Packets this corresponde firshbit in
the packet body of the packet associated with the Node Index Item.

d. (Optional) Recording Index IntfBacket Data Heade(8 Bytes) contains the

absolute time of the Index Entry. The time source and format shall be derived
from the Time Dat&acket, Format 1Unused higkorder bits will be zero

filled as needed, depending on the time type of the Time Data Packet.
Figurel0-62 presents the format of the recording index hpaaket header.

msb
31

Isb
0

INTRA-PACKET TIME STAMP (LSLW)

INTRA-PACKET TIME STAMP (MSLW)

(Optional) INTRAPACKET DATA HEADER (LSLW)

(Optional) INTRAPACKET DATA HEADER (MSLW)

Figure1l0-62. Recording index intrgpacket header.

e. Root Index Packet Entry Forma#f Root Index Packet contains a Node Index

Offset entry or entries using the format shown in Fid&3 and
Figure10-64.

T

(Optional) Root Index File Size(8 Bytes) An unsigned binary that

identifies the current size in bytes of the file at the time the Root Index
Packet was created and placed into the recording. This value should be the
same as the Root Index Offset. The file size is required wheroalneg is
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split across multiple media, individual or multiple channels are split from
the original recording file, or time slices are extracted from the original
recording. In all cases the original recording file size will allow
recalculatiorand/orredacement of the index offsets when required.

Node Index Offset (8 Bytes) An unsigned binary that identifies the zero
based byte offset from the beginning of the recording file to the point in the
file at which the Node Index Packet Sync Pattern (OXEB2§)ns.

Root Index Offset (8 Bytes) An unsigned binary that identifies the zero
based byte offset from the beginning of the recording file to the point in the
file at which the previous Root Index Packet begins, if there are more than
one (1) Root IndeRackets or to itself, if it is the first or only Root Index
Packet.

PACKET HEADER

(Optional) PACKET SECONDARY HEADER

CHANNEL SPECIFIC DATA

(Optional) ROOT INDEX FILE SIZE

INTRA-PACKET TIME STAMP FOR NODE INDEX 1

(Optional) INTRAPACKET DATA HEADERFOR NODE INDEX 1

NODE INDEX OFFSET 1

INTRA-PACKET TIME STAMP FOR NODE INDEX n

(Optional) INTRAPACKET DATA HEADER FOR NODE INDEX n

NODE INDEX OFFSET n

INTRA-PACKET TIME STAMP FOR ROOT INDEX

(Optional) INTRAPACKET DATA HEADER FOR ROOT INDEX

ROOTINDEX OFFSET

PACKET TRAILER

Figure 1663. Generakecording root index packet.
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msb Isb
31 0

(Optional)FILE SIZE (LSLW)

(Optional)FILE SIZE (MSLW)

INTRA-PACKET TIME STAMP FOR NODE INDEX 1 (LSLW)

INTRA-PACKET TIME STAMP FOR NODE INDEX 1 (MSLW)

(Optional) INTRAPACKET DATA HEADER FOR NODE INDEX 1 (LSLW)

(Optional) INTRAPACKET DATA HEADER FOR NODE INDEX 1 (MSLW)

NODE INDEX OFFSET 1 (LSLW)

NODE INDEX OFFSET 1 (MSLW)

INTRA-PACKET TIME STAMP FOR NODE INDEX n (LBW)

INTRA-PACKET TIME STAMP FOR NODE INDEX n (MSLW)

(Optional) INTRAPACKET DATA HEADER FOR NODE INDEX n (LSLW)

(Optional) INTRAPACKET DATA HEADER FOR NODE INDEX n (MSLW)

NODE INDEX OFFSET n (LSLW)

NODE INDEX OFFSET n (MSLW)

INTRA-PACKET TIME STAMPFOR ROOT INDEX (LSLW)

INTRA-PACKET TIME STAMP FOR ROOT INDEX (MSLW)

(Optional) INTRAPACKET DATA HEADER FOR ROOT INDEX (LSLW)

(Optional) INTRAPACKET DATA HEADER FOR ROOT INDEX (MSLW)

ROOT INDEX OFFSET (LSLW)

ROOT INDEX OFFSET (MSLW)

Figure10-64. Recording root index entry layout.

f. Node Index Packet Entry Formaf Node Index Packet contains an index entry

or entries using the format shownRigure10-65 andFigure10-66.

PACKETHEADER
(Optional) PACKET SECONDARY HEADER
CHANNEL SPECIFIC DATA
(Optional) NODE INDEX FILE SIZE
INTRA-PACKET TIME STAMP FOR NODE INDEX 1
(Optional) INTRAPACKET DATA HEADER FOR NODE INDEX 1
RECORDING NODE INDEX 1
INTRA-PACKET TIME STAMP FOR NODHNDEX 2
(Optional) INTRAPACKET DATA HEADER FOR NODE INDEX 2
RECORDING NODE INDEX 2

INTRA-PACKET TIME STAMP FOR NODE INDEX n
(Optional) INTRAPACKET DATA HEADER FOR NODE INDEX n
RECORDING NODE INDEX n
PACKET TRAILER

Figurel0-65. General recording node index packet.
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mshb Isb
31 24 23 16 15 0
RESERVED | DATATYPE | CHANNEL ID
DATA PACKET OFFSET (LSLW)
DATA PACKET OFFSET (MSLW)

Figurel0-66. Recording node index entlgyout.

1 (Optional) Node Index File Siz&(8 Bytes) An unsigned binary that
identifies the current size in bytes of the file at the time the Node Index
Packet was created and placed into the recording. This value should be the
same as the Node Indé&ffset. The file size is required when a recording is
split across multiple media, individual or multiple channels are split from
the original recording file, or time slices are extracted from the original
recording. In all cases the original recordiilg $ize will allow
recalculation and/or replacement of the index offsets when required.

1 Channel ID (2 Bytes) An unsigned binary thaentifiesa value
representing the Packet Channel ID for the data packet associated with this
Node Index Item

1 Data Ty (1 Byte) An unsigned binary that identifies a value representing
the type and format of the data packet associated with this Node Index Item.

1 Data Packet Offset(8 Bytes) An unsigned binary that identifies the zero
based byte offset from the begingiaf the recording file to the point in the
file at which the Data Pack8ync Pattern (OXEB2%)egins for this Node
Index Packet item.

10.6.8 ARINC-429 Data Packets

10.6.8.1 ARINC-429 Data Packets, Format Data shall be packetized in Word Mode: each
32-bit word of an ARING429 bus shall be preceded by an kRacket Header containing an
Intra-Packet Data Header only with an identifier (ID Word) that provides type and status
information. The IntrédPacket Header does not contain an hiteaket Time &amp. The Packet

Time in the Packet Header is the time of the first ARINC data word in the packet, and the time of
successive ARINC data words is determined from the first word time using the gap times in the
ID words that precede each of the data woldsltiple words of multiple ARING429 buses can

be inserted into a single packet. The resultant packets shall have the following format as shown
in Figurel0-67.
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msb Isb
15 0
PACKET HEADER
CHANNEL SPECIFIC DATA (BITS15-0)
CHANNEL SPECIFIC DATA (BITS 3116)
WORD 1INTRA PACKET DATA HEADER
WORD 1INTRA PACKET DATA HEADER
ARINC-429 DATA WORD 1 (BITS 1H0)
ARINC-429 DATA WORD 1 (BITS 3116)
WORD 2INTRA PACKET DATA HEADER
WORD 2INTRA PACKET DATA HEADER
ARINC-429DATA WORD 2 (BITS 150)
ARINC-429 DATA WORD 2 (BITS 3116)

WORD nINTRA PACKET DATA HEADER
WORD nINTRA PACKET DATA HEADER
ARINC-429 DATA WORD n (BITS 18))
ARINC-429 DATA WORD n (BITS 3116)
PACKET TRAILER

Figurel0-67. ARINC-429 data packet format.

NOTE
Time tagging of ARING429 shall correspond to the first data bit of the
packet.
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a. ARINC-429 Packe€Channel Specific Data Wordlhe Packet Body portion of

each ARINC429 data packet shall begin wittCaannel SpecifiData Word
formatted as shown in Figufi€-68.

msb
31

Isb
16 15 0

RESERVED | MSGCOUNT

Figure 1068. ARINC-429 packeChannel Specific Data Wofdrmat.

T
il

Reserved (bits 3116) are reserved

Message Count (MSGCOUNT]BIts 150) indicates the binary value of
the number of ARIN€29 words included in the packet.

b. Intra-Packet Data Headel(bits 310) contains th&RINC-429 ID Word Each

ARINC-429 bus data word is preceded by an identification word and the bit
definitions are as shown in Figute-69.

msb
31

Isb
24 23 22 21 20 19 0

BUS

| FE| PE|BS| R | GAP TIME

Figure10-69. Intra-packet data header format.

M

Bus (bits 3124) a binary value identifying the ARINE29 busnumber
associated with the following data word (0 indicates the first bus. A
maximum of 256 buses can be placed in one packet).

Format Error (FE) (bit 23) indicates an ARIN@29 Format Error.
0 = No format error has occurred
1 = Format error has ocead

Parity Error (PE) (bit 22) indicates an ARIN@29 Parity Error.
0 = No parity error has occurred
1 = Parity error has occurred

Bus Speed (BS)(bit 21) indicates the ARIN@29 bus speed the data is
from.

0 = Indicates LowSpeed ARINGA29 bug12.5 kHz)

1 = Indicates HigiSpeed ARING429 bus (100 kHz)

ReservedR). (bit 20) is reserved.

Gap Time(GAP TIME). (bits 190) contains a binary value that represents
the gap time from the beginning of the preceding bus word (regardless of
bus) to thebeginning of the current bus word in 0.1 microsecond
increments. The gap time of the first word in the packet is GAP TIME=0.
When the gap time is longer than 100 milliseconds, a new packet must be
started.
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c. ARINC-429 Packet Data WordsARINC-429 DataThe data words shall be
inserted into the packet in the originalBi2 format as acquired from the bus

10.6.9 Message Data Packets

10.6.9.1 Message Data Packets, FormatThe data from one or more separate serial
communication interface channels danplaced into a Message Data Packajure 1070).

msb Isb
15 0
PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 150)

CHANNEL SPECIFIC DATA (BITS 3116)
INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 1®)
INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 31.6)
INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 432)
INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 638)
INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 1B)
INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 316)

BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

INTRA-PACKET TIME STAMP FOR MSG n (BITS 1®)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 3116)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 432)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 638)

INTRA-PACKET DATA HEADER FOR MSG n (BITS 1B)

INTRA-PACKET DATA HEADER FOR MSG n (BITS 3116)
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n
PACKET TRAILER

Figure 1670. Message data packet format.

a. Message Packé&hannel Specific Data Wordl'he Packet Body portion of each
Message Data Packet begins witGleannel Specific Data Wordt indicates if
the Packet Body contains several short messages (Type: Complete) or one
segment of a long message (Type: Segmented).
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b. Complete Messagéhanrel Specific Data Word TheChannel Specific Data
Wordis formatted for the Complete type of packet body as shown in
Figurel0-71

msb
31

Isb
18 17 16 15 0

RESERVED | TYPE | COUNTER

Figure 1671. Complete messadgehannelSpecific Data Wordormat.
1 Reserved (bits 3£18) are reserved.

1 Type (bits 1716) indicates the type of Serial Packet.
00 = One or more complete messages
01 = Reserved
10 = Reserved
11 = Reserved
1 Counter (bits 150) contains a binary valuedicating the number of
messages included in the packet.

c. Segmented Messa@hannel Specific Data WordlrheChannel Specific Data
Word s formatted for the Segmented type of packet body as shown in
Figurel0-72.

msb
31

Isb
18 17 16 15 0

RESERVED | TYPE | COUNTER

Figure 1072. Segmented messa@dannel Specific Data Wofdrmat.

Reserved (bits 3118) are reserved.

1 Type (bits 1716) indicates the type of Serial Packet.
00 = Reserved
01 = Packet is a beginning of a longessage from a single source
10 = Whole packet is the last part of a long message from a single
source
11 = Whole packet is a middle part of a long message from a single
source

1 Counter (bits 150) contains a binary value indicating the segment number
of a long message. The number must start with 1 and must be incremented
by one after each packet. The maximum length of a single long message is
4 GBytes (combined with the Uit Message Length field, see description
at paragrapfi0.6.9.1cbelow).

d. Messagdata IntraPacket HeaderAfter the Channel Specific Data, Message
Data is inserted into the packet. Each Message is preceded by dPalched
Header that has both an InfPacket Time Stamp and an InfPacket Data
Header containing a Message ID Worbhe length of the IntrRacket Header
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is fixed at 12 bytes (96 bits) positioned contiguously, in the sequence shown in
Figure 1073.

msb Isb
31 0

TIME (LSLW)

TIME (MSLW)

MESSAGE ID WORD

Figurel0-73. Message datmtra-packet header.

1 Intra-Packet Time Stamp(8 Bytes) indicate the time tag of the Message
Data. First long word bits 3@ and second long word bits-Blindicate the
following values:

(1) The 48bit Relative Time Counter that corresponds to the first data bit
in the Message with bits 31 to 16 in the second long word zero filled
or;

(2) The Absolute Time, if enabled by bit 6 in thacket Flags
(paragrapii0.6.1.1.9. Time format corresponds to the time format
indicated by bits 2 and 3 in the Packet Flagdgraphi0.6.1.1.¢ and
to the first data bit in the Message.

1 Intra-Packet Data HeadeiThe IntraPacket Data Header & identification
word (Message ID Word) that precedes the message and is inserted into the
packet with the format shown Figure 1074.

msb Isb
31 30 29 16 15 0
DE | FE| SUBCHANNEL | MESSAGE LENGTH

Figure 1074. Intra-packetdata header format.

1 Data Error (DE) (bit 31) indicates bad data bits as determined by parity,
checksums, or CRC words received with the data.
0 = No Data error has occurred
1 = Data error has occurred

91 Format Error (FE) (bit 30) indicates a protocol error, such as-ofit
sequence data or length errors.
0 = No Format Error
1 = Format Error encountered

1 Subchannel (bit 29-16) contains a binary value that represents the
subchannel number belonging to the message that follows the ID Word
when the Channel ID in the packet header defines a group of subchannels.
Zero means first and/or only subchannel.
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1 Message Length(bits 150) contains a binary value representing the length
of the message in bytes (n) that follows the ID Word. The maximum length
of a message (complete) or a message segment (segmented) is 64K bytes.

10.6.10 Video Packets

10.6.10.1 Video Packets, Form& (MPEG2/H.264) Format 0 MPE&2/H.264 encoding

will be IAW Department of Defense (DoD) Motion Imagery Standards Profile (MISP) Standard
9701 Standard Definition Digital Motion Imagery, Compression Systems. The MEH@64
format will be Transport ams (TS) per MISP Recommended Practice (RP) 0101. The TS
will be encapsulated at a Constant Bit Rate (CBR) within the limits of MPEAR @ML and

H.264 MP@L3 specifications per MISP 9720d (Motion Imagery Standards Matrix (MISM),
Standard Definition Motio Imagery) for further standardization and telemeter/transmission
requirements of the video.

These MPE&/H.264 algorithm features are combined to produce an encoded video
stream that will be encapsulated in Format O packeteH.264 can be carried evthe MPEG
2 transport streams usitigternational Telecommunicatistynion/Telecommunication
Standardization Sector (I'FU) Recommendator.222, Amendment 3, 2004: Transport of
AVC data over ISO/IEC 13818/ H.222.0 for MPEG2 TS containment for MPEG4 @V
MISP has adapted this with 9720 and 9701.

Transport streams are limited to a single program stream Bsoggam Elementary
Stream (PES) packets that share the same common time base. A transport stream must contain
the Program Association TalBAT) and Program Map Table (PMT) that define the Program
ID (PID) for the Program Clock Reference (PCR) stream. Program streams also must contain at
least one packet header.

A packet with Format 0 MPE@/H.264 Video data has the basic structure shown i
Figurel0-75. Note that the width of the structure is not related to any number ofTihiis.
figureis merely intended to represent relative placement of data in the packet.

PACKET HEADER
CHANNEL SPECIFIC DATA
(Optional) INTRAPACKET HEADER
188BYTE TS DATA
(Optional) INTRAPACKET HEADER
188 BYTE TS DATA

(Optional) INTRAPACKET TIME HEADER
188 BYTE TS DATA

(Optional) INTRAPACKET TIME HEADER
188 BYTE TS DATA
PACKET TRAILER
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Figurel0-75. General MPE&2/H.264video packet, format 0.
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Video Packet Audio When recording video using Format 0, if audio is present
it will be inserted into the TS per ISO/IEC 13838or MPEG2 and ISO/IEC
144963 for H.264. A separate analog channel to specifically record auidlio w
not be required as MPE®&H.264 supports audio insertion into the TS. By

combining video and audio, recording bandwidth and memory capacity will be

increased.

Video PackeChannel Specific Data Wordlhe packet body portion of each
Format O packet lgins with theChannel Specific Data Worébrmatted as
shown inFigure 1076.

msb
31

30

29

Isb
28 27 24 23 22 0

ET[IPH[SRS| KLV | PL |BA| RESERVED

Figure 1076. Video packetChannel Specific Data Wofdrmat.

1 Embedded Time (ET)(bit 31) indicates if embedded time is present in the
MPEG-2 video data.
0 = No embedded time present
1 = Embedded time is present

MPEG-2 stream embedded time if utilized will be IAW MISP Standard
9708- Embedded Time Reference for Motion Imagery Systems and
Standard 9715Time Reference Synchronization. Embedded time is used
for the synchronization of core MPEZ&data when extraadgrom the
RCC106Chapter 10 domain (i.e., an export to MRE@les).

1 Intra-Packet Header (IPH)(bit 30) indicates if IntredPacket Time Stamps
are inserted before each Transport Packet.
0 = IntraPacket Times Not Present
1 = IntraPacket Time#resent

1 SCR/RTC Sync (SRS)(bit 29) indicates if the MPE@ SCR is RTC.
0 = SCR is not synchronized with the 10 MHz RTC
1 = SCR is synchronized with the 10 MHz RTC

Transport streams contain their own embedded time base used to
facilitate the decodingnd presentation of video and/or audio data at the

decoder. Within a Program stream, all streams are synchronized to a single

time source referred to as the System Clock Reference (SCR). Within a
Transport stream, each embedded program contains it GRnrequiring
that each Format O encoded MPE(B1.264 Transport stream contains only
a single program allowing each format to be treated in a similar manner
using a single global clocking reference.

The 10 MHz RTC is for the purposes of synchronizing tame

stamping the data acquired from multiple input sources. For input sources
that dondot define an explicit ti mi
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T

M

superimposing this timing model can be accomplished. For MPEG
2/H.264, however, an explicit synchronizatimodel based on a 27MHz
clock is defined for the capture, compression, decompression, and
presentation of MPE@/H.264 data. In order to relate the two different
timing models, the MPE@/H.264 SCR/PCR timestamps (if enabled) will
be derived from the 10 Mz RTC timing reference source (by generating
the 27 MHz MPE®&2/H.264 reference clock slaved to the 10 MHz RTC).

MPEG-2/H.264 defines the SCR/PCR timestamp as-hidguantity,
consisting of a 3dit base value and al8it extension value. The exact
value is defined as:

SCR = SCR_base * 300 + SCR_ext
where:

SCR_base = ((system_clock_frequency * t) / 300) MGD 2
SCR_ext = ((system_clock_frequency *t) / 1) MOD 300

For recording periods of less than 26.5 hours, the SCR can be directly
converted into the 10 MHz RTC using the equation:

10 MHz RTC time base = SCR * 10/ 27 (rounded to nearest integer)

For recording periods longer than this, the Format O packet header time
stamp can be used to determine the number of times the NREPS4
SCR has rolled over and calculate the upper 8 bits dfébeunning
counterds value.

KLV. (bit 28) indicates if KLV Metadata is present in the MPE@deo
data.

0 = No KLV Metadata present

1 = KLV Metadata is present

MPEG-2/H.264 stream KLV Mtadata, if utilized, will be IAW MISP
Standard 9711 Intelligence Motion Imagery Index, Geospatial Metadata,
Standard 9712 Intelligence Motion Imagery Index, Content Description
Metadata (Dynamic Metadata Dictionary Structure and Contents),

9713- Data Encoding Using KeyengthValue, Recommended Practice
9717- Packing KLV Packets into MPE@ Systems Streams, and Standard
010771 Bit and Byte Order for Metadata in Motion Imagery Files and
Streams.

PL. (bit 2724) indicates the payload type within tlEG-2 stream per
MISP Xon2:

0000 = MPEG MP@ML

0001 = H.264 MP@L2.1

0010 = H.264 MP@L2.2

0011 = H.264 MP@L3

01001111 = Reserved.
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1 BA. (bit 23) Byte Alignmenindicatesthe MPEG2 data jayload byte
alignment within 1€bit words.

0 = Little endiaras referenced in Figudg-78.
1 = Big endian as referenced in Figae79.

1 Reserved (bits 2-0) are reserved.

c. Intra-Packet Headerlf enabled, the Intr®acket Headeshall include a 6bit
Intra-Packet Time Stamp, which is inserted immediately before the TS sync
pattern. The length of the IntRacketHeader is fixed at 8 bytes (®4s)
positioned contiguously, iRigure 1077.

msb Isb
31 0
TIME (LSLW)
TIME (MSLW)

Figure 1077. Intra-packet header.

1 Intra-Packet Time Stamp(8 Bytes) indicate the time tag of the individual
Transport Stream packets. First Long Word (LS 3:0 and Second
Long Word (MSLW)bits 3%0 indicatethe following values:

(1) The 48bit Relative Time Counter that will correspond to the first bit of
the TS. Bits 31 to 16 in the second long word (MSLW) will be zero
filled; or

(2) The AbsoluteTime, if enabled by bit 6 in the Packet Flags
(paragrapii0.6.1.1.¢. Time format indicated by bits 2 and 3 in the
Packet Flagsparagrapii0.6.1.1.¢ and the first bit of the TS.

d. Video Packet DataA Format O packet shall contain an integral number of 188
Byte (1,504 bits) TS packets as illustrated in Figu&'8 and Figurel0-79
dependhg on Byte Alignment (BA) bit. Intra-Packet Headersaa be inserted in
Format O Video Data Packets. The 10MHz RTC Packet Header time is the time
of the first bit of the first TS in the packet.

The CBR of the encoding will be user selectable and within the MPEIB@ML and
H.264 MP@L3 specification. PeBO/IEC 13818l the TS format will be fixedength 188 byte
(1,504 bits) frames containingarh8 t sync pattern or Async byteo
bit 7 of the TSF). The sync bytes value is 01000111 (0x47). The rest of the TS 187 data bytes
will follow (Figure 10-80).
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msb Isb
15 0

TS SYNC BYTE (BITSO TO 7) TS DATA (BITS 8 TO 15)

TS DATA (BITS 16 TO 23) TS DATA (BITS 24 TO 31)
TS DATA (BITS 1488 TO 1495) | TS DATA (BITS 1496 TO 1503)
Figure 1678. Format 0 MPE&2/H.264 video frame sync and word format
16-bit little-endian aligned

msh Isb
15 0

TS DATA (BITS 8 TO 15)

TS SYNC BYTE (BITS0TO 7)

TS DATA (BITS 24 TO 31)

TS DATA (BITS 16 TO 23)

TS DATA (BITS 1496TO 1503)

TS DATA (BITS 1488 TO 1495)

Figure 1679. Format 0 MPE&2/H.264 video frame sync and word format,
16-bit big-endian (native) aligned

msb
15

Isb
0

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 180)

CHANNEL SPECIFIC DATA (BITS 3116)

(Optional) INTRAPACKET TIME STAMP

TS SYNC BYTE DATA (BITS 15 TO 0)

TS DATA (BITS 31 TO 16)

TS DATA (BITS 1487 TO 1472)

TS DATA (BITS 1503 TO 1488)

(Optional) INTRAPACKET TIME STAMP

TS SYNC BYTE DATA (BITS 15 TO 0)

TS DATA (BITS 31 TO 16)

TS DATA (BITS 1487 TO 1472)

TS DATA (BITS 1503 TO 1488)

(Optional) INTRAPACKET TIME STAMP

REPEAT FOR EACH TS

PACKET TRAILER

Figure10-80. Format 0 MPE&/H.264 Mdeo Data Packet
(Example is 16bit Aligned).
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10.6.10.2 Video Packets, Format 1 (ISO 13818MPEG?2 Bit Stream) Unlike Video

Packets, Format 0 (MPE® the Format 1 packets encapsulate the complete MPEE®/IEC
138181:2000 bi streams for both Program and Transport with constant or variable bit rates.

Also any of the Profiles and Level combinations as set forth by MPES®D/IEC 138181:2000

may be utilized in the encoding process. Transport streams are limited to a gge

stream using Program Elementary Stream (PES) packets that share the same common time base.
A transport stream must contain the Program Association Table (PAT) and Program Map Table
(PMT) that define the Program ID (PID) for the Program Clock Reter¢PCR) stream.

Program streams also must contain at least one pack header.

a. MPEG2 Stream Packet BodyThe Format 1 packet withMPEG-2 packets
has the basic structure showrfFigure 1681. Note that the width of the
structure is not related to any number of bits. This drawing is merely intended
to represent relative placement of data in the packet.

PACKET HEADER
CHANNEL SPECIFIC DATA
(Optional) INTRAPACKET HEADER
MPEG-2 Packet 1
(Optional) INTRAPACKET HEADER
MPEG2 Packet 2

(Optional) INTRAPACKET HEADER
MPEG-2 Packet n
PACKET TRAILER

Figure10-81. General MPE& video packet, format 1.

b. Video Packet Audio When recording video usirkgprmat 1 if audio is present
it will be inserted into the TS per ISO/IEC 13838 A separate analog channel
to specifically record audio will not be required as MRPE&upports audio
insertion into the TS or PS. By combining video and audio, recording
bandwidthand memory capacity will be increased.
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c. MPEG2 Channel Specific Data WordThe Packet Body portion of each
MPEG:-2 bit stream begins with@hannel Specific Data Wofdrmatted as
shown inFigure 1082.

msb Isb
31 22 21 20 19 18 15 14 13 12 11 0
RESERVED | KLV | SRS | IPH EPL ET| MD | TP PC

Figure 1682. MPEG-2 Channel Specific Data Wofdrmat.
1 Reserved (bits 3%:22) are reserved for future use.

1 KLV. (bit 21) indicates if KLV Metadata is present in the MRE®@ideo
data.
0 = No KLV Metadata present
1 = KLV Metadata is present.

MPEG-2 stream KLV Metadata (if utilized) iWwbe IAW MISP Standard
9711- Intelligence Motion Imagery Index, Geaal Metadata, Standard
9712- Intelligence Motion Imagery Index, Content Deption Metadata
(Dynamic Metadata Dictionary Structure and Contents), 9Tl&a Encoding
Using KeyLengthValue, Recommended Practice 97Hacking KLV Packets
into MPEG2 Systems Streams, and Standard G1Bi7 and Byte Order for
Metadata in Motion Imagery Files and Streams.

1 SCR/RTC Sync (SRS)(bit 20) indicates whether the MPEZLSCR is
RTC.
0 = SCR is not synchronized with the 10 MHz RTC.
1 = SCR is synchronized with the 10 MHz RTC.

Transport streamcontain their own embedded time base used to facilitate
the decoding and presentation of video and/or audio data at the decoder. Within
a Program stream, all streams are synchronized to a single time source referred
to as the System Clock Reference ($CWR/ithin a Transport stream, each
embedded program contains its own PCR, requiring that each Fbemetded
MPEG-2 Transport stream contain only a single program allowing each format
to be treated in a similar manner using a single global clockingerefe.

The 10 MHz RTC is used to synchronize and time stamp the data acquired
from multiple input sources. For input
timing model for data presentation, superimposing this timing model can be
accomplished. For MPE@, however, an explicit synchronization model based
on a 27 MHz clock is defined for the capture, compression, decompression, and
presentation of MPEQ@ data. In order to relate the two different timing
models, the MPE@ SCR/PCR timestamps (if enabled)l be derived from
the 10 MHz RTC timing reference source (by generating the 27 MHz MPEG
reference clock slaved to the 10 MHz RTC).
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MPEG2 defines the SCR/PCR timestamp as @il guantity, consisting of
a 33bit base value and al$it extensiorvalue. The exact value is defined as:

SCR = SCR_base * 300 + SCR_ext

where:

SCR_base = ((system_clock_frequency * t) / 300) MOD 233
SCR_ext = ((system_clock_frequency *t) / MQD 300

For recording periods of less than 26.5 hours, (BB $an be directly
converted into the 10 MHz RTC using the equation:

10 MHz RTC time base = SCR * 10/ 27 (rounded to the nearest integer)

For recording periods longer than this, the Forinadéicket header time
stamp can be used to determine the nurobémes the MPE& SCR has
rolled over and calculate the upper 8 bits offteerunningc ount er 6 s val u

1 Intra-Packet Header (IPH)bit 19) indicate whether IntrBacket Time
Stamps are inserted before each Program or Transport Packet.

1 EncodingProfile and Level (EP)L. (bits 1815) indicate the MPE@
Profile and Level of the encoded bit stream.
0000 = SimpleProfile@MainLevel

0001 = MainProfile@LowLevel
0010 = MainProfile@MainLevel
0011 = MainProfile@High1440Level
0100 = MainProfile@HighLevel
0101 = SNRProfile@LowLevel

0110 = SNRProfile@MainLevel
0111 = SpatialProfile@HigkhL440Level
1000 = HighProfile@MainLevel
1001 = HighProfile@High1440Level
1010 = HighProfile@HighLevel
1011 = 4:2:2Profile@MainLevel
1100 = Reserved

1101 = Reserved

1110 = Reserved

1111 = Reserved

1 Embedded’ime (ET) (bit 14) indicates whether embedded time is present
in the MPEG2 video data.
0 = No embedded time present
1 = Embedded time is present

MPEG-2 stream embedded time, if utilized, will be IAW MISP Standard
9708- Embedded Time Reference for Motion Imagery Systems and Standard

10-94


mailto:SimpleProfile@MainLevel
mailto:MainProfile@LowLevel
mailto:MainProfile@MainLevel
mailto:MainProfile@High-1440Level
mailto:MainProfile@HighLevel
mailto:SNRProfile@LowLevel
mailto:SNRProfile@MainLevel
mailto:SpatialProfile@High-1440Level
mailto:HighProfile@MainLevel
mailto:HighProfile@High-1440Level
mailto:HighProfile@HighLevel

Telemetry Standards, IRIG Standard 206(Part 1) Chapter 10June2011

9715- Time Reference Synchronization. Embedded time is used for the
synchronization of core MPE® data when extréed from theRCC 106
Chapter 10 domain (i.e., an export to MRE@les).

1 Mode(MD). (bit 13) indicates whether the MPEZGbIt stream was
encoded using a variable or constant bit rate parameter setting.
0 = Constant Bit Rate stream
1 = Variable Bit Ra stream

1 Type(TP). (bit 12) indicates the type of data the packetized MP2Hi&
stream contains.
0 = Transport data bit stream
1 = Program data bit stream

1 PacketCount (PC) (bits 110) indicate the binary value of the number of
MPEG-2 packetsncluded in the Format 1 packet.

An integral number of complete packets will be in each Format 1 packet. If
the MPEG2 hardware implementation is unable to determine the value of this
number, the value of O is used by default. If TYPE=0, then this aumb
represents the number of Transport stream packets within the Format 1 packet.
If TYPE=1, then this number represents of the number of Program stream packs
within the Format 1 packet.

d. Intra-Packet Headerlf enabled, the Intr®acket Header shall inadde a 64bit
Intra-Packet Time Stamp, which is inserted immediately before the MPEG
packet (transport or program). The length of the {RiaketHeader is fixed at
8 bytes (64its) positioned contiguously, the following sequence
(Figurel10-83):

m<
31

Isb

TIME (LSLW)

TIME (MSLW)

Figure10-83. Intra-packet header.

71 Intra-Packet Time Stamp(8 Bytes) indicate the time tag of the individual
MPEG-2 packets (transport or program). First Long Word (LSLW)
bits 31-0 and Second Long Word (MSLVijts 310 indicate the following
values:

0 The 48bit Relative Time Counter that will correspond to the first bit of
the MPEG2 packet (transport or program). Bits 31 to 16 in the second
long word (MSLW) will be zero filled; or

o0 The AbsoluteTime, if enabled by bit 6 in the Packet Flags
(paragrapii0.6.1.1.¢. Time format is indicated by bits 2 and 3 in the
Packet Flagparagraphi0.6.1.1.¢ and the first bit of the MEG2
packet (transport or program).
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10.6.10.3 Video Packets, Format 2 (ISO 14496 MRPE®art 10 AVC/H.264) Format 2
video encoding will be IAW ISO 14496 MPE&GPart 10 Advanced Video Coding (AVC). The
carrier format for Format 2 AVC/H.264 will be MPEZISO/IEC 13818L:2000 bit streams for
both Program and Transport with constant or variable bit rates. I A¥64 can be carried over
the MPEG2 streams IAW ITUT Rec. H.222, Amendment 3, 2004: Transport of AVC data
over ITUT Rec. / H.222.0 | ISO/IEC38181 streams.

Unlike Format O Video Packets (MPEZHH.264), which only support a fixed MPEZ
transport and fixed MPEQ@/H.264 profiles and levels, the Format 2 AVC/H.264 packets
encapsulate the complete MPE2Gransport/program streams, provide fdixad/variable bit
rate (Format 1), and include all H.264 video encoding profiles and levels.

Format 2 AVC/H.264 streams are limited to a single program or transport stream using
Program Elementary Stream (PES) packets that share the same comnimsénide
transport or program stream must contain the Program Association Table (PAT) and Program
Map Table (PMT) that define the Program ID (PID) for the Program Clock Reference (PCR)
stream. Program streams also must contain at least one pack header.

a. AVC/H.264 Stream Packet Bodyrhe Format 2 packet withAVC/H.264
packets has the basic structure showRigure 1084. Note that the width of
the structure is not related to any number of bits. This drawing is merely
intended to represent relativlapement of data in the packet.

PACKET HEADER
CHANNEL SPECIFIC DATA
(Optional) INTRAPACKET HEADER
AVC/H.264 Packet 1
(Optional) INTRAPACKET HEADER
AVC/H.264 Packet 2

(Optional) INTRAPACKET HEADER
AVC/H.264 Packet n
PACKET TRAILER

Figure10-84. General AVC/H.264 video packet, format 2.

b. Video Packet Audio When recording video using Format 2 AVC/H.264, if
audio is present it will be inserted into the per ISO/IEC 13B2&idio or
138187 AAC. A separate analog &hnel to specifically record audio will not
be required as AVC/H.264 supports audio insertion into the AVC/H.264
transport stream. By combining video and audio, recording bandwidth and
memory capacity will be increased.
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c. AVC/H.264 Channel Specific Dat&/ord. The Packet Body portion of each
AVC/H.264 packet begins with@hannel Specific Data Worfdrmatted as
shown in Figurel0-85.

msb Isb
31 27 26 25 22 21 20 19 18 15 14 13 12 11 0

R AET| EL KLV | SRS IPH EP ET |MD | TP PC

Figure10-85. AVC/H.264 Channel Specific Data Woifdrmat.
1 Reserved (R) (bits 3126) are reserved for future use.

1 AVC/H.264 Audio Encoding Type (AET)(bit 26) indicate the AVC/H.264
audio encoding type.
0 = ISO/IEC 138183 Audio
1 = ISO/IEC 138187 AAC
1 AVC/H.264 Encoding Level (EL) (bits 2522) indicate the AVC/H.264
Level of the encoded video bit stream.
0000=1 0001= 1b 0010= 1.1 0011= 1.2 0100= 1.3
0101=2 0110=2.10111= 2.2 1000=3 1001= 3.1
1010= 3.21011= 4 1100= 4.1 1101 = 4.2 1110=5
1111 = 5.1

1 KLV. (bit 21) indicates if KLV Metadata is present in the MRE@ideo
data.
0 = No KLV Metadata present
1 = KLV Metadata is present.

MPEG-2 stream KLV Metadata (if utilized) will be IAW MISP Standard
9711- Intelligence Motion Imagery Index, Geospatial Metadata, Standard
9712- Intelligence Motion Imagery Index, Content Description Metadata
(Dynamic Metadata DictionguStructure and Contents), 9741Bata
Encoding Using KeyLengthValue, Recommended Practice 97Hacking
KLV Packets into MPE& Systems Streams, and Standard 01B# and
Byte Order for Metadata in Motion Imagery Files and Streams.

1 SCR/RTC Sync (SRS)(bit 20) indicates whether the AVC/H.264 MPEG
SCR is RTC.
0 = SCR is not synchronized with the 10 MHz RTC.
1 = SCR is synchronized with the 10 MHz RTC.

Transport streams contain their own embedded time base used to
facilitate the decoding amatesentation of video and/or audio data at the
decoder. Within a Program stream, all streams are synchronized to a single
time source referred to as the System Clock Reference (SCR). Within a
Transport stream, each embedded program contains its ownr&{tiring
that each Format O encoded MPEGransport stream contain only a single
program allowing each format to be treated in a similar manner using a
single global clocking reference.
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The 10 MHz RTC is provided to synchronize and time stamp the data
acquired from multiple input sources.
explicit timing model for data presentation, superimposing this timing
model can be accomplished. For MREGhowever, an explicit
synchronization model based on a 27 MHz clecllefined for the capture,
compression, decompression, and presentation of MPH&a. In order to
relate the two different timing models, the MPRGCR/PCR timestamps
(if enabled) will be derived from the 10 MHz RTC timing reference source
(by generang the 27 MHz MPE& reference clock slaved to the 10 MHz
RTC).

MPEG-2 defines the SCR/PCR timestamp as d#2juantity,
consisting of a 3dit base value and a8t extension value. The exact
value is defined as:

SCR = SCR_base * 300 + SCR_ext
where:

SCR_base = ((system_clock_frequency * t) / 300) MOD 233
SCR_ext = ((system_clock_frequency *t)/ MOQD 300

For recording periods of less than 26.5 hours, the SCR can be directly
converted into the 10 MHz RTC using this equation:

10MHz RTC time base = SCR * 10/ 27 (rounded to nearest integer).

For recording periods longer than this, the Format 0 packet header time
stamp can be used to determine the number of times the MFER has
rolled over and calculate the upper 8 bitshaffteerunningc ount er 6 s
value.

1 Intra-Packet Header (IPH)(bit 19) indicate whether IntrRacket Time
Stamps are inserted before each Program or Transport Packet.

1 AVC/H.264 Encoding Profile (EP)(bits 1815) indicate the AVC/H.264
Profile of theencoded video bit stream.
0000 = BaselineProfile (BP) 0001 = Main Profile (MP)
0010 = Extended Profile (EP) 0011 = High Profile (HiP)
0100 = High 10 Profile (Hi10P) 0101 = High 4:2:2 Profile (Hi422P)
0110 = High 4:4:4 Profile (Hi444P) 01117 1111 = Reserved

1 Embedded Time (BT (bit 14) indicates whether embedded time is present
in the AVC/H.264 MPE®& video data.

0 = No embedded time present
1 = Embedded time is present.
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AVC/H.264 MPEG2 stream embedded time (if utilized) will be IAW MISP Standard
9708- Embedded Tim&eference for Motion Imagery Systems and Standard 9Titbe
Reference Synchronization. Embedded time is used for the synchronization of core AVC/H.264
data when extracted from tRECC 106 Chapter 10 domain, i.e., an export to AVC/H.264 files.

1 Mode (MD). (bit 13) indicates whether the AVC/H.264 MPEit stream
was encoded using a variable or constant bit rate parameter setting.
0 = Constant Bit Rate stream
1 = Variable Bit Rate stream

1 Type (TP) (bit 12) indicates the type of data the packetized AVC/H.264
MPEG:-2 bit stream contains.
0 = Transport data bit stream
1 = Program data bit stream

1 Packet Count (PC)(bits 110) indicate the binary value of the number of
AVC/H.264 packets included in the froat 2 packet.

An integral number of complete packets will be in each Format 2 packet.
If the AVC/H.264 hardware implementation is unable to determine the
value of this number, the value of 0 is used by default. If TYPE=0, then this
number representié number of Transport stream packets within the
Format2 packet If TYPE=1, then this number represents of the number of
Program stream packs within the Fori@gacket

d. Intra-Packet Headerlf enabled, the Intr®acket Header shall include a-bi#
Intra-Packet Time Stamp, which is inserted immediately before the AVC/H.264
packet (transport or program). The length of the {Riaket Header is fixed at
8 bytes (64its) positioned contiguously, in the following sequence
(Figure10-86):

msb Isb
31 0
TIME (LSLW)
TIME (MSLW)

Figure 1086. Intra-packet header.

1 Intra-Packet Time Stamp(8 Bytes) indicates the time tag of the individual
AVC/H.264 packets (transport or program). First Long Word (LSbit§
31-0 and Second Long Word (MSLW)ts 310 indicate the following
values:

0 The 48bit Relative Time Counter that will correspond to the first bit of
the AVC/H.264 packet. Bits 31 to 16 in the second long word (MSLW)
will be zero filled; or

o0 The AbsoluteTime, if enabled by bit 6 in the Packet Flags
(paragrapii0.6.1.1.¢. Time format indicated by bits 2 and 3 in the
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Packet Flagsp@aragrapii0.6.1.1.y and the first bit of the AVC/H.264
packet.

10.6.11 Image Packets

10.6.11.1 Image Packetd;ormat O (Image Data)A Format O Image Packetigure 1087)

shall contain one or more fixddngth segments of one or more video images. Gl@nel

Specific Data Wordor an image packet identifies thember of segments in the packet and the
portion of the image or images contained in the packet. If the optionaPatiet Header is not
included with each segment, the Relative Time Counter in the packet header is the time of the
first segment in thpacket.

msb Isb
15 0
PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 150)
CHANNEL SPECIFIC DATA (BITS 3116)
OPTIONAL INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 18)
OPTIONAL INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 316)
OPTIONAL INTRA-PACKET HEADERFOR SEGMENT 1 (BITS 482)
OPTIONAL INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 628)
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT n (BITS 18)

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT n (BITS 316)

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT n (BITS 432)

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT n (BITS 628)
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n
PACKET TRAILER

Figurel0-87. Image packet, format 0.

a. Image Packe€hannel Specific Data WordThe Packet Body portion of each
Image Packet begins withGhannel Specific Data Wordt defines the byte
length of each segment and indicates if the Packet Body contains several
complete images or partial imagesid whether or not the IntRacket Data
Header precedes each segmé&igre 1088).
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msb Isb
31 30 29 28 27 26 0
PARTS | SUM [IPH | LENGTH

Figure 1088. ImagepacketChannel Specific Data Worfdrmat.

1 Parts (bit 31-30) indicates which piece or pieces of the video frame are
contained in the packet.

00 = Packet does not contains first or last segment of image
01 = Packet contains first segment of image

10 = Packet contains last segment of image

11 = Packet cdains both first and last segment of image

1 Sum (bit 29-28) indicates if the packet contains a partial image, one
complete image, multiple complete images, or pieces from multiple images.

00 = Packet contains less than one complete image
01 = Packetontains one complete image

10 = Packet contains multiple complete images

11 = Packet contains multiple incomplete images

1 Intra-Packet Header (IPH)(bit 27) indicates whether the IntRacket
Header (Time Stamp) precedes each segment of the image.

0 = IntraPacket Header not enabled
1 = IntraPacket Header enabled

1 Length (bits 260) indicates a binary value that represents the byte length
of each segment.

b. Image IntraPacket HeaderAfter the Channel Specific Data, Forn@dmage
Data is insertethto the packet. Each block of data is optionally preceded by an
Intra-Packet Header as indicated by the IPH bit inGhannel Specific Data
Word. When included, the InttBacket Header consists of an |Afacket
Time Stamp only. The length of thetiPacket Header is fixed at 8 bytes (64
bits) positioned contiguously, in the following sequertagyre 1689).

msb Isb
31 0

TIME (LSLW)

TIME (MSLW)

Figure 1689. Image data intrgpacket header, format O.
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1 Intra-Packet Time Stamp(8 Bytes) indicate the time tag of the Format O
Image Data. First long word bits-8land second long word bits-81
indicate the following values:

o The 48bit Relative Time Counter that corresponds to the first data bit in
thefirst byte with bits 31 to 16 in the second long word zero filled; or

o The Absolute Time, if enabled by biifthe Packet Flags
(paragrapii0.6.1.1.¢. Time format corresponds to the time format
indicated by bits 2 and 3 the Packet Flagpéragrapii0.6.1.1.¢ and
to the first data bit in the Message.

10.6.11.2 Image Packets, Format 1 (Still Imageryd Format 1 Image Packet (Figut€-90)
shall contain one or more fixddngth segments @ partial Still Image, one complete Still
Image, or multiple Still Images. The Still Image source can be external or internal to the
recorder. The Still Image formats will be specified in@mannel Specific Data Wowhd in the
Computer Generated Dafaormat 1 Setup Record for each Still Imagery channel. Only one
format can be contained within each channel ID for Still Imagery.

msb Isb
15 0
PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 150)
CHANNEL SPECIFIC DATA (BITS 3116)
INTRA-PACKET HEADERFOR SEGMENT 1 (BITS 1)
INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 316)
INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 432)
INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 638)
INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 7684)
INTRA-PACKET HEADER FOR SEGMENT (BITS 9580)
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

INTRA-PACKET HEADER FOR SEGMENT n (BITS 18)
INTRA-PACKET HEADER FOR SEGMENT n (BITS 316)
INTRA-PACKET HEADER FOR SEGMENT n (BITS 432)
INTRA-PACKET HEADER FOR SEGMENT n (BIT863-48)
INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 784)
INTRA-PACKET HEADER FOR SEGMENT n (BITS 980)
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n
PACKET TRAILER

Figure 1090.  Still Imagery packet, format 1.
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a. Still Imagery Packe€hannel Specific Data Wordlhe Packet Body portion of
each Still Image Packet begins witiChannel Specific Data Wordt defines
the format of the Still Imagery Format (which will coincide with the Still
Imagery format with the $&p Record), and indicates if the Packet Body
contains several complete images or partial images (Figuo4).

msb Isb
31 30 29 28 27 26 23 22 0
PARTS| SUM [IPH| FORMAT | RESERVED

Figure 1091.  Still Imagery packe€hannelSpecific Data Wordormat.

1 Parts (bit 31-30) indicates which piece or pieces of the image are contained
in the packet.

00 = Packet does not contains first or last segment of image
01 = Packet contains first segment of image

10 = Packet contains lastgment of image

11 = Packet contains both first and last segment of image

T Sum (bit 29-28) indicates if the packet contains a partial image, one
complete image, multiple complete images, or pieces from multiple images.

00 = Packet contains less thame complete image
01 = Packet contains one complete image

10 = Packet contains multiple complete images
11 = Packet contains multiple incomplete images

1 Intra-Packet Header (IPH)(bit 27) indicates whether the IntRacket
Header (Time Stamp) precedeach segment of the image.

0
1

1 Format (bits 2623) indicates a binary value which represents the Still
Image Format

IntraPacket Header not enabled
IntraPacket Header enabled

0000 = MIL-STD-2500 National Imagery Transmission Format
0001 = JPEG File Interchange Format

0010 = JPEG 2000 (ISO/IEC 15449

0011 = Portable Network Graphics Format

01001111 = Reserved

1 Reserved (bits 220) are reserved.

b. Still Imagery IntraPacket HeaderAfter the Channel Specific Data, Format 1
Still Imagery Data is inserted into the packet. Each still image or segment is
preceded by an InttBacket Header. The IntRacket Header consists of an
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Intra-Packet Time Stamp and IntRacket Data. The length of the InfPacket
Header is fixed at 12 byt€96 bits) positioned contiguously, in the following
sequencé¢Figure10-92).

msb. Isb
31 0
TIME (LSLW)
TIME (MSLW)
INTRA-PACKET DATA

Figure 1692.  Still Imagery intrapacket header.

1 Intra-Packet Time Stamp(8 Bytes) indicate the time tag of the Format 1
Still Imagery Data. First long word bits -®land second long word
bits 31-0 indicate the following values:

o The48bit Relative Time Counter that corresponds to the first data bit in
the still image or segmeniith bits 31 to 16 in the second long word
zero filled or;

o The Absolute Time, if enabled by biirbthe Packet Flags
(paragrapii0.6.1.1.¢. Time format is indicated by bits 2 and 3 in the
Packet Flagsparagrapii0.6.1.1.¢ and the first data bit in the still
image or segment.

1 Intra-Packet Data (4 Bytes) indicates a binary value that represents the byte
length of following still image or segment.

10.6.12 UART Data Packets

10.6.12.1 UART Data Packets, Format 0rhe data from one or more separate asynchronous
serial communication interface channels {B&, RS422,RS4 85, et cé) <can be pl
UART Data Packet as shown in Figu@93.
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msb Isb
15 0

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 180)

CHANNEL SPECIFIC DATA (BITS 3116)

(OPTIONAL) INTRA-PACKET TIME STAMP FOR UART 1 (BITS 19)

(OPTIONAL) INTRA-PACKET TIME STAMP FOR UART 1 (BITS 3116)

(OPTIONAL) INTRA-PACKET TIME STAMP FOR UART XBITS 47-32)

(OPTIONAL) INTRA-PACKET TIME STAMP FOR UART 1 (BITS 648)

INTRA-PACKET DATA HEADER (UART ID) for UART 1 (BITS 1))

INTRA-PACKET DATA HEADER (UART ID) for UART 1 (BITS 3116)

BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

(OPTIONAL) INTRA-PACKET TIME STAMP FOR UART n (BITS 19)

(OPTIONAL) INTRA-PACKET TIME STAMP FOR UART n (BITS 3116)

(OPTIONAL) INTRA-PACKET TIME STAMP FOR UART n (BITS 482)

(OPTIONAL) INTRA-PACKET TIME STAMP FOR UART n (BITS 638)

INTRA-PACKET DATA HEADER (UART ID) for UART n (BITS 150)

INTRA-PACKET DATA HEADER UART ID) for UART n (BITS 3116)

BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

PACKET TRAILER

Figurel0-93. UART data packet format.

a. UART PacketChannel Specific Data Wordlhe Packet Body portion of each
UART Data Packet begins withGhannel Specific Data Wouws shown in

Figurel0-94.
mshb Isb
31 30 0
IPH | RESERVED

Figure 1694. UART packetChannel Specific Dat&/ord format.

1 Intra-Packet Header (IPH)(bit 31) indicates whether the IntRacket
Header Time Stamp is inserted before the UART ID words.

0 = IntraPacket Header Time Stamp not enabled
1 = IntraPacket Header Time Stamp enabled
1 Reserved (bits 360) are reserved.

b. UART Intra-Packet HeaderAfter the Channel Specific Data, UART data is
inserted into the packet. Each block of data shall be preceded by an Intra
Packet Header with optional IntRacket Time Stamand a mandatory UART
ID WORD IntraPacket Data HeaderThe length of the IntrRacket Header is
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either 4 bytes (3Bits) or 12bytes(96 bits) positioned contiguously, in the
following sequenceHigure 1095).

msb
31

Isb
0

TIME (LSLW)

TIME (MSLW)

UART ID WORD

Figure 1695, UART data intrapacket header.

1 UART IntraPacket Time Stamp(8 Bytes) indicate the time tag of the
UART Data. First long word bits 30 and second long word bits-81
indicate the following values:

o0 The 48bit Relative Tine Counter that corresponds to the first data bit in
the first byte with bits 31 to 16 in the second long word zero filled; or

o The Absolute Time, if enabled by bit 6time Packet Flags
(paragrapii0.6.1.1.¢. Time format igndicated by bits 2 and 3 in the
Packet Flagsparagrapii0.6.1.1.¢ and the first data bit in the Message.

1 UART Intra-Packet Data HeadeiThe IntraPacket Data Headés an
identification word (UART ID Word) that precedes the data and is inserted
into the packet with the following format. Inclusion of the Iffd@cket Data
Header is mandatory and is not controlled by the IPH bit ilCtienel
Specific Data Word (Figure 10-96).

msb Isb
31 30 29 16 15 0
PE | RESERVED SUBCHANNEL \ DATA LENGTH

Figurel0-96. Intra-packet data header format.

o Parity Error (PE) (bit 31) indicates a Parity Error.
0 = No Parity Error
1 = Parity Error

o Reserved (bit 30) is reserved.

o Subchannel (bits 2916) indicates a binary value defining the
subchannel number belonging to the data that follows the UART ID
Word when the Channel ID in the packet header defines a group of
subchannels. Zero means first anaioly subchannel into which the
Intra-Packet Data Header is inserted before the UART ID words.

o Data Length (bits 150) indicate a binary value representing the length
of the UART data in bytes (n) that follows the UART ID word.
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10.6.13 IEEE-1394 Data Pdets

10.6.13.1 |EEE-1394 Data Packets, FormaflBEE-1394 Transaction)This format applies

to IEEE1394 data as described by IEEE 13995, IEEE 1394a, and IEEE 1394b. IEEED4

data is packetized to encapsulate completed transactions between nodes. A packet may contain O
to 65,536 transactions, but is constrained bycttmamon packet elements size limits prescribed

in paragrapti0.6.1 IEEE1394 packets have the basic structure shoviaigare 1097. Note

that the width of the structure is not related to any number of bits. The figurey megnedsents

relative placement of data within the packet.

PACKET HEADER
CHANNEL SPECIFIC DATA WORD
(Optional) INTRAPACKET HEADER
(Optional) TRANSACTION DATA
(Optional) INTRAPACKET HEADER
(Optional) TRANSACTION DATA

(Optional) INTRAPACKET HEADER
(Optional) TRANSACTION DATA
PACKET TRAILER
Figure 1097. IEEE-1394 data packet, format O.
a. |IEEE-1394Channel Specific Data Wordlhe packet body portion

(Figure10-98) of each IEEEL394 packet shall begin withGhannel Specific
Data Word

msb Isb
31 29 28 25 24 16 15 0
PBT | SY | RESERVED | TC

Figure 1098. IEEE-1394Channel Specific Data Word
1 Packet Body Type (PBT)(bits 3129) indicate the packet body type as

follows:
000 = Type O
001 = Type1l
010= Type 2

0117V 111 = Reserved

9 Synchronization Code (SY)bits 2825) indicate the IEEE394
Synchronization Code from the transaction. This field is mandatory for
Type 1 packet bodies. Otherwise, it is reserved.

1 Reserved (bits 2416) are reserved.

10-107



b.

Telemetry Standards, IRIG Standard 206(Part 1) Chapter 10June2011

9 Transaction Count (TC)(bits 150) indicate the binary value of the number
of transactions encapsulated in the packet. An integral number of complete
transactions shall be included in each packet. Itis mandatdry th
Transaction Count be 0 for Type 0 packet bodies and 1 for Type 1 packet
bodies.

IEEE-1394 IntraPacket HeaderEach IntraPacket Header shall contain an 8
byte IntraPacket Time Stamp onlyl'he format of a IEEE-1394 IntraPacket
Header is described by Figut6-99.

msb
31

Isb
0

INTRA-PACKET TIME STAMP

INTRA-PACKET TIME STAMP

Figurel0-99. IEEE-1394 intrapacket header.

C.

1 IEEE-1394 IntraPacket Time Stam§8 Bytes) indicatethe time tag of the
IEEE-1394 transaction that immediately follows it in the packet. Time is
coded in accordance with all other Chapter 10 packet formats. Specifically,
the first long word bits 30 and second long word bits-Blindicate the
following values:

o0 The48-bit Relative Time Counter that corresponds to the first data bit of
the transaction, with bits 316 in the second long word zero filled; or

o The Absolute Time, if enabled by bit 6time Packet Flags
(paragrapii0.6.1.1.¢. Time format is indicated by bits 2 and 3 in the
Packet Flagsparagrapii0.6.1.1.¢ and the first data bit of the
transaction.

IEEE-1394 Data Packet Body Type$hree packet body types are defined for
the encapsulation of IEEE394 data. Regardless of type, each packet body
shall begin with the IEEE 394 Packe€Channel Specific Data Woiab
described byaragrapti0.6.13.1aabose. The packet body type is indicated
within theChannel Specific Data WordDepending on the packet body type,
theChannel Specific Data Woid followed by O or more transactions. Also,
dependent on packet body type, each transaction may be pregetethitra
Packet Header.

1 IEEE-1394 Packet Body Type 0: Bus Statusype 0 packet bodies shall
contain zero Intrdacket Headers and zero transactions. Qtrennel
Specific Data Wordransaction Count shall be zerdhe packebody shall
contain theChannel Specific Data Woithmediately followed by a single
32-bit word.
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Bus Status events shall be encapsulatetyipe O packet bodies. The
32-bit word in the packet body shall contain an Event Data Word as
indicated in Figurd.0-100:

msb Isb
31 30 0
RE | RESERVED

Figure 10100, |IEEE-1394 event data word format.

o RE. (bit31) RESET when set, this bit indicates that an IEEE94
Bus Reset has occurred.
0 RESERVED (bits 360) Reserved.

1 IEEE-1394 Packet Body Type Data streaming Type 1 packet bodies
shall encapsulate IEEE394 data streaming only. Type 1 packet body data
is restricted to that from an IEEE394 packet with a Transaction Code of
OxA, be it from an Isochronous Channel or Asynchronous Stream. The
packet body shall contain zetotra-Packet Headers and one transaction.
The Channel Specific Data Woftiransaction Count shall be one.

The Channel Specific Data Woid immediately followed by norzero
number of data bytes. The data bytes shall betlgxhose of a single
IEEE-1394 data block, excluding the IEEEB94 packet header and Data
Block CRC. Data recorded from the stream shall be known to be valid,
insofar as, both the IEEE394 Header CRC and Data Block CRC tests have
passed. In accordanedth the definition of Packet Header Data Length,
and accounting for the size of tid&annel Specific Data Woyrthe number
of data bytes shall be exactly four less than the value indicated in Data
Length. Conversely, the value stored in the Packet H&xama Length
shall be the number of bytes in the IEEB94 data block plus four. The
Synchranization Code (SYfrom the stream packet shall be indicated in the
Channel Specific Data Wordnd the Channel Number shall be indicated in
the Packet Header Ciael ID.

1 IEEE-1394 Packet Body Type 2: General Purpo$gpe 2 packet bodies
encapsulate complete IEEEB94 packets, including header and data. Use
of Type 2 packet bodies is unrestricted and may encapsulate streaming, non
streaming (IEEEL394 packets ith Transaction Codes other than 0xA),
isochronous, and asynchronous data. Multiple HEHB&4 packets, with
differing Transaction Codes and Channel Numbers, may be carried within a
single Type 2 packet body.

The Channel Specific Data Woghall be follaved by a nofzero
number of completed transactions as indicated bZtienel Specific Data
Word Transaction Count. Each transaction shall be preceded by an Intra
Packet Header as defined above for IEE394 Data Packets. Immediately
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following the IntraPacket Header, the transaction shall be recorded in its
entirety and must be a properly formed IEEE94 packet in accordance

with the specification in use. The revision of the specification used shall be
declared within the accompanying Setup Recordgiac

NOTE . . .
/ All IEEE-1394 packets contain abit Transaction Code field (tcode).
This field indicates the IEEE394 specific format of the transaction.

10.6.13.2 IEEE-1394 Data Packets, Format 1 (IEEB94 Physical Layer)This format
applies to IEEEL394data as described by IEEE 139495, IEEE 1394a, and IEEE 1394b.
IEEE-1394 data is packetidan Format 1 packets asiysical Layer data transfers (IAW Annex

J of Standard 1394995 and Chaptelr7 of Standard 1394R002). A packet may contain O to
65,53 transfers, but is constrained by the common packet elements size limits prescribed in
paragrapti0.6.1 IEEE1394 packets have the basic structure shown in Figui®1below.

Note that the width of the structure is notateld to any number of bits. The drawing merely
represents relative placement of data within the packet.

PACKET HEADER
CHANNEL SPECIFIC DATA WORD

INTRA-PACKET HEADER
DATA
(Optional) INTRAPACKET HEADER
(Optional) DATA

(Optional) INTRAPACKET HEADER
(Optional) DATA
PACKET TRAILER
Figure 10101 IEEE-1394 data packet, format 1.

a. |IEEE-1394Channel Specific Data Wordrhe packet body portion
(Figure10-102 of each IEEEL394 packet shall begin withGhannelSpecific
Data Word

mshb Isb
31 16 15 0
RESERVED | IPC

Figure 10102 IEEE-1394Channel Specific Data Worfdrmat 1.

Reserved (bits 3116) are reserved.

Intra-Packet Count (IPC) (bits 150) indicate the binary value tie

number of IntraPackets encapsulated in the packet. An integral number of
complete IntraPackets shall be included in each packet.

T
T
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b. IEEE-1394 Format 1 Intr®?acket HeaderTheChannel Specific Data Word
followed by 1 or more IEEE.394 transfersEach transfer starts with an Intra
Packet Header, followed by32780 encapsulated data bytes. The length of the
Intra-PacketHeader is fixed at 12 bytes (8@s) positioned contiguously, in the
following sequence as shown in Figu@103

m<
31

Isb
0

INTRA-PACKET TIME STAMP

INTRA-PACKET TIME STAMP

INTRA-PACKET ID WORD

Figure 10103 |EEE-1394 format 1 intrgpacket header.

1 IEEE-1394 Format 1 Intr#acket Time Stam8 Bytes) indicates the time
tag of the IEEEL394transfer that immediately follows it in the packet.
Time is coded in accordance with all other Chapter 10 packet formats.
Specifically, the first long word bits 3 and second long word bits-81
indicate the following values:

o0 The48-bit Relative Time Counter that corresponds to the first data byte
of the transfer, with bits 18 in the second long word zero filled or;

0 The AbsoluteTime, if enabled by bit 6 in the Packet Flagarégraph
10.6.1.1.¢. Time ormat is indicated by bits 2 and 3 in the Packet Flags
(paragrapli0.6.1.1.¢ and the first data byte of the transfer.

1 Message ID Word4 Bytes)is an identification word that precedes the
message and is inserted into the paekat Figure10-104.

msb
31

Isb
24 23 20 19 18 17 16 15 0

STATUS BYTE | SPEED | TRFOVF|LBO|RSV| DATA LENGTH

Figure 10104. Intra-packet data heademessage ID word.

o Status Byte (bits 3124) This byte is the status byte received from the
PHY IAW IEEE-1394b Specification.

o Transmission Speed (SPEEDpits 2320) This field identifies the
speed of transmission ofdmessage. (Speed codes IAW IEEID4b)

0000 = S100 A
0001 = S100 B
0010 = S200 A
0011 = S200B
0100 = S400 A
0101 = S400 B
0111 = S800 B

1001 = S1600B
1010 = S3200 B
other values are reserved
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o Transfer Overflow Error (TREFOVF)(bit 19-18) This field indicates if
a transfer synchronization error occurred.

00 = IEEE1394 flow did not exceed maximum Inpeecket size

01 = This IEEE1394 transfer started correctly but longer than the
standard transfer length.

10= Theprevious EEE1394 tr antgpeeverflowas i n i
and this IEEE1394 transfer ended correctly (did not exceed
standard transfer length).

11 = The previous | EEE1394 transf
and this IEEE1394 transfer did not end correctly (exceeds
stanard transfer length).

Most of the time, this field shal.l
A0Olopatkat, zer o -packmotr;e;ardd 1foii malrlay
packet.

o Local Buffer Overflow [BO). (bits 17) If this bit is set, some messages
are lcst before this transfer due to local buffer overflow.

o0 Reserved (bit 16) is reserved.

o Data Length (bits 150) contain a binary value that repeess the
length of the transfan bytes (n) that follows the ID Word. The
maximum length of a captured data is 4120 for transfers corresponding
to asynchronous packets, and 32780 for transfers corresponding to
isochronous packets.

If the Data Length field is not a multiple of 4tbg, 13 fill
characte(0) is added to maintain the packet structures hiB2
boundary.

If the Data Length field contains 0, the InfPacket Data is not
provided and this word contains only the status byte information.

c. IEEE-1394 Format 1 Packet Bpd The packet body shall encapsulate IEEE
1394 isochronous or asynchronous message data. The data bytes shall be
exactly those of a single IEEE394 physical transmission message, including
the IEEE1394 packet header and Data Block CRC. The Data Léietfdshall
indicate the exact number of total bytes encapsulated in the Message Data.
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10.6.14 Parallel Data Packets

10.6.141 Parallel Data Packet, Format @arallel data packets are designed to record data

from parallel interfaces (228 bit wide)including the industry de facto standar#i8 DCRsi

interface. A single packet can hold data words or special data structures as currently defined for
the DCRsi scan format. The exact format selection is defined @ttaenel Specific Data

Word. The dita recorded from a parallel interface shall be placed into a Parallel Data Packet
Format O as shown in Figui®-105.

msb Isb
15 0
PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 1580)
CHANNEL SPECIFIC DATA (BITS 3116)
DATA WORD 1

DATA WORD n
PACKET TRAILER

Figure1l0-105 Parallel data packet, format O.

a. Parallel Packe€hannel Specific Data Wordlhe Packet Body portion of each
Parallel Data Packet begins witlCaannel Specific Data WordrheChannel
SpecificData Wordis formatted as shown Figure 16106.

msb Isb
31 24 23 0
TYPE \ RESERVED (0) OR SCAN NUMBER

Figure 10106 Parallel packe€Channel Specific Data Worfdrmat.

1 Type (bits 3:24) indicate the data type stored
0x017 0x00: Reserved
0x8071 0x10. Number of bits of recorded data (parallel data word width in
bits)
OxFD1 0x81:Reserved
OxFE DCRsi scan format, contains auxiliary data,R¥Cmain data
OxFFE Reserved

1 Scan Number (bits 230) is reserved (0) for general purpose parallel data
packets or contains the scan number of the first scan stored in the packet for
DCRsi data.

b. General Purpose Parallel Dat@eneral purpose parallel data packets can
contain any number of data byfieas indicated in the Data Length field in the
Packet Headers (Figui€-107).
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must be divided by the number of bytes necessary to hold one Parallg

NOTV To get the number of data words stored in the packet, theLBagsh
Data word.

1 If the number of data biis 8 or lessthe word shall be paddedth zeras to

8-bit bytes.
msb Isb
15 0
PAD | DATA WORD 2 PAD | DATAWORD1
DATA WORD N, or
PAD PAD IF LENGTH IS ODD PAD DATA WORD N1

Figure 10107. Parallel data, up to-Bit wide words.

1 If the rumber of data bits is between 9 d®&]the words shall be padded
with zeras to one 16bit word, as in Figurda0-108

msh Isb
15 0
PAD | DATA WORD 1

PAD | DATA WORD N
Figure 160108 Parallel data, 46 bit wide words.

1 If the number of data bits is greater than 16 the words shall be paidded
zerosto multiples of 1€bit data words. Figur&0-109 shows storing of 28

bit data words.

msb Isb
0

15

DATA WORD1, LS BITS 150
PAD | DATA WORD 1, MS BITS 2716

DATAWORD N, LS BITS 150
PAD | DATA WORD N, MS BITS 2716

Figure 10109 Paralleldatg (Example: 28bit wide words).
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c. DCRsi Parallel Data Packet3he DCRsi data packets can contain any number
of complete DCRsi Scariscontaining nine auxiliary data and 4356 main data
bytes. The number diie scans can be calculated from the Data Length field of
the Packet Header. The structure of one DCRsi scan is in HigrD.

msb Isb
15 0
AUXILIARY DATA 2 AUXILIARY DATA 1
PAD (0) AUXILIARY DATA 3
AUXILIARY DATA 5 AUXILIARY DATA 4
PAD (0) AUXILIARY DATA 6
AUXILIARY DATA 8 AUXILIARY DATA 7
PAD (0) AUXILIARY DATA 9
DATA BYTE 2 DATABYTE 1
DATABYTE 4 DATA BYTE 3
DATA BYTE 4356 DATA BYTE 4355

Figure 16110, DCRsi Scan, SQuxiliary data byte +4356 bytes.

The length of the packet can be only N * (12 + 4356) + 4 bytes, including
the length of th&€hannel Specific Data Word

DCRsi data without auxiliary data bytes can be stored alseéba<=neral
Purpose Parallel Data as describegdanagrapii0.6.15.1General Purpose
Parallel Data).

10.6.6 Ethernet Data Packets

10.6.151 Ethernet Data Packets, FormatData from one or more Ethernet network
interfaces can be placed into Bthernet Data Packet Format O hewn in Figurel0-111.
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msb
15

Isb

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 180)

CHANNEL SPECIFIC DATA (BITS 3116)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 1®)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 3116)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 432)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 638)

INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 18)

INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 316)

BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

INTRA-PACKET TIME STAMP FOR MSG n (BITS 1®)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 3116)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 432)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 638)

INTRA-PACKET DATA HEADER FOR MSG n (BITS 18)

INTRA-PACKET DATA HEADER FOR MSG n (BITS 3116)

BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

PACKET TRAILER

Figurel0-111 Ethernet Data packet format 1.
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a. Ethernet Data Packet Format@hannel Specific Data Wordl'he Packet Body
portion of each Ethernet Data Packet begins wiflhannel Specific Data
Word. It indicates how many Physical Ethernet messages (MAC Frame) are
placed in the Packet Body. Thdannel Specific Data Woid formatted for
the complete typ of packet body as shown in Figu@112.

msb Isb
31 28 27 16 15 0
FORMAT \ RESERVED \ NUMBER OF FRAMES

Figure 10112 EthernetData packet format Channel Specific Data Word
1 Format (bits 3:28) indicate the type of Ethernet Packet.

0000 = Ethernet Physical Layer IEBB2.3
0001- 1111 = Reserved

1 Reserved (bits 2716) are reserved.

1 Number of Frames(bits 150) contain a binary value that represents the
number of framescluded in the packet.

b. Ethernet Data Packet Formatlitra-Packet HeaderAfter the Channel

Specific Data, Ethernet Data is inserted into the packet. Each Frame is preceded

by an IntraPacket Header that has both an kRexcket Time Stamp and an
Intra-Packet Data Header containing a Frame ID Word. The length of the Intra
PacketHeader is fixed at 12 bytes (8@s) positioned contiguously, in the
following sequence as shown in Figur@-113.

msb
31

Isb
0

TIME (LSLW)

TIME (MSLW)

FRAME ID WORD

Figure 10113 EthernetDataformat 1 intrapacket header.

1 Intra-Packet Time Stamp(8 Bytes) indicate the time tag of the Frame Data.
First long word bits 3D and second long word bits-Blindicate the
following values:

o The 48bit Relative Time Counter that corresponds to the first data bit in
the Frame with bits 31 to 16 in the second long word zero filled or;

o The AbsoluteTime, if enabled by bit 6 in the Packet Flags
(paragrapli0.6.1.1.9. Time format is indicated by bits 2 and 3 in the
Packet Flagsparagrapii0.6.1.1.¢ and the first data bit in the Frame.
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i Frame ID Word The Frame ID Word is an identification word that
precedes the Ethernet frame and is inserted into the packet with the format
shown in Figurel0-114.

msb Isb
31 30 29 28 27 24 23 16 15 14 13 0
R \ FE‘ CONTENT| SPEED \ NET ID \ R \ DATA LENGTH

Figure 10114  Intra-packet frame ID word.

0 Reserved (bit 31) is reserved.
o Frame Error (FE) (bit 30). The Frame Error bit is used to indicate any
error that occurred during frame transmission.
0 = No Frame Error
1 = Frame Erroencountered
o Captured Data Content (CONTENT(bits 2928). This field specifies
the extent of the captured MAC Frame.
00 = Full MAC Frame: starting with thel$/te Destination MAC
address and ending with theébgte Frame Check Sequence
01-11 = Reservetbr further formats
o0 Ethernet Speed (SPEEDJbits 2724). This field indicates the
negotiated bit rate for the identified NETID on which the frame was
captured.
0000 = Auto
0001 = 10 Mbit/s
0010 = 100 Mbit/s
0011 = 1 Gbit/s
0100 = 10 Ghbit/s
01017 1111 = Reserved
0 Network Identifier (NETID) (bits 2316) contain a binary value which
represents the physical network identification of frame origination that
follows the ID Word. Zero means first and/or only physical network.
0 Reserved (bits 1514) arereserved.
o Data Length (bits 130) contain a binary value that represents the
length of the frame in bytes (n) that follows the ID Word.

10.6.16 Time Space Position Information and Combat Training Syst&®BI/CTS Data
Packets

TheTSPI/CTS data typpackets are provided to allow a defined method of
TSPI/CTS dat@ncapsulation in Chapter 10 packet format. Whilsprovide interoperability of
these data sets between ranges and users along with alignment to other digital data in the
recording such agdeo and audio.

TSPI/CTS data packets do not require a specific input intestadeas®CM,
analog or Mil -Std-1553. The TSPI/CTS data type will only encapsulate multiple types of
TSPI/CTSinformation IAW governing standards and specificatioEssentially TSPI/CTS data
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will be wrapped in its native format by Chapter 10 seclidi®packets structures and reside on
compliant media devices and or within files. The packet definition will not characterize
transmission procols or requirementsecaus¢hose are providebly the governingstandards or
specifications.

Unlike Computer Generated Data Packets which consist only of
recorder/multiplexer generated datae TSPI/CTS dateight be recorder/multiplexer generated.
The TSPI/CTS packets are considered dynamic and Chapter 10 timing requirements apply.

10.6.16.1 TSPI/CTS Data Packets, Format O (NMHRACM). Global Positioning System
(GPS) data as defined by the National Marine Electronics Association (NMEA) and Radio
Technical Commission for Maritime Services (RTCM) standards will be encapsulated in the
Format O packetThe NMEA and RTCM standards specify the electrical signal requirements,
data transmission protoc@ind message/sentence formats for GPS dettese fomatting
standardsvill not be detailed irChapter 10, butiey will be referenced as required for clarity.

TSPI/CTS Data Packet, Format 0 (NMEXN CM) will not support proprietary
messages or sentencteerefore any data containinthese willbe consideed noncompliant
with this standard.

A packet withn NMEA-RTCM data has the basic structassFigure 10115

msb Isb
15 0
PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 150)
CHANNEL SPECIFIC DATA (BITS 3116)
(OPTIONAL) INTRA-PACKET TIME STAMP FORDATA 1 (BITS 15 0)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA 1 (BITS 3016)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA 1 (BITS 482)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA 1 (BITS 6318)
INTRA-PACKET DATA HEADER (BITS 150)
INTRA-PACKET DATA HEADER (BITS 3116)
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA n (BITS 180)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA n (BITS 31116)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA n (BIT$47-32)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA n (BITS 6318)
INTRA-PACKET DATA HEADER (BITS 150)
INTRA-PACKET DATA HEADER (BITS 3116)
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n
PACKET TRAILER

Figure 10115 NMEA-RTCM data packet format.

10-119



Telemetry Standards, IRIG Standard 206(Part 1) Chapter 10June2011

a. NMEA-RTCM PacketChannel Specific Data Wordlhe Packet Body portion
of each NMEARTCM Data Packet begins withGhannel Specific Data Word
as shown in Figure 1016.

msh Isb
31 30 27 26 0
IPTS| TYPE | RESERVED

Figure 10116, NMEA-RTCM packetChannel Specific Data Wofdrmat.

1 IPTS (bit 31) indicates whether the IntPacket time stamp is enabled.
0 = IntraPacket Time Stamp not enabled
1 = IntraPacket Time Stamp enabled
1 TYPE. (bits 3027) indicates the type of data NMERTCM contained
within the packet.
0000 = NMEA 0183
0001 = NMEA 0182HS
0010 = NMEA 2000
0011 = RTCM SC104
00107 1111 = Reserved
1 RESERVED (bits 260) are reserved and shall be zero filled.

b. NMEA-RTCM IntraPacket TimeStamp If enabled the optional IPTS is
inserted before each NMERTCM message. The length of the IrBacket
Time Stamgs 8 bytes (64 bits) positioned contiguously, in the following
sequence (Figure 1017).

msb Isb
31 0

(OPTIONAL) TIME (LSLW)

(OPTIONAL) TIME (MSLW)

Figure 16117. NMEA-RTCM intrapacket time stamp.

1 Intra-Packet Time Stamp(8 Bytes) indicate the time tag of the NMEA
RTCM Data. First long word bits 31 and second long word bits-81
indicate thedollowing values:

0 The 48bit Relative Time Counter that corresponds to the first data bit
Bits 31 to 16 in the second long word (MSLW) will be zero filled; or

0 The Absolute Time, if enabled by bit 6 in the Packet Flags (paragraph
10.6.1.1.¢. Time format is indicated by bits 2 and 3 in the Packet Flags
(paragrapli0.6.1.1.y and the first data bit.

c. NMEA-RTCM IntraPacket Data HeadefThe length of the IntrRacket Data
Header is fixed at 4 bytes (32 bits) positioned contiguously, in the following
sequence (Figure 1018).
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msb
31

Isb
16 15 0

RESERVED \ LENGTH
Figure 160118 NMEA-RTCM intrapacketdata header.

0 RESERVED (bits 31i 16) is reserved.
o LENGTH. (bits 15i 0) indicates the length of the message in bytes

10.6.16.2 TSPI Data Packets, FormatHAG ACMI). Air Combat Maneuvering
Instrumentation (ACMI) data as defined by the European Air (&AG) Interface Control

Document (ICD) DF2912%or Post Mission Interoperabilityill be encapsulated in the Format 1

packet. The EAG ACMI ICD defines the data contents and organization. Electrical signal
requirements and data transmission protocobtsdefined in DF29125 or in this Chapter 10
format. The data type will be 8 bit ASCII.

msb Isb
15 0
PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 150)
CHANNEL SPECIFIC DATA (BITS 3116)
(OPTIONAL) INTRA-PACKET TIME STAMP- DATA BLOCK 1 (BITS 15 0)
(OPTIONAL) INTRA-PACKET TIME STAMP- DATA BLOCK 1 (BITS 31 16)
(OPTIONAL) INTRA-PACKET TIME STAMP- DATA BLOCK 1 (BITS 4732)
(OPTIONAL) INTRA-PACKET TIME STAMP- DATA BLOCK 1 (BITS 6348)
INTRA-PACKET DATA HEADER
(OPTIONAL) STATIC DATA

BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

PACKET TRAILER
Figure 10119 EAG ACMI data packet format.

a. EAG ACMI PacketChannel Specific Data Wordlhe Packet Body portion of

each EAG ACMI Data Packet begins witichannel SpecifiData Wordas
shown in Figure 10120

msb Isb
31 30 29 28 0
IPTS | CONTENT | RESERVED

Figurel0-120. EAG ACMI packetChannel Specific Data Worfdrmat.

1 IPTS (bit 31) indicates whether the IntiPacket time stamp is enabled.
0 = IntraPacket Time Stamp not enabled
1 = IntraPacket Time Stamp enabled
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1 CONTENT. (bits 3029) indicates the content of the EAG ACMI data
within the packet.
00 = TSPI Data Only (No Static Data or Pod ID)
01 = Contains APod I D0 and AStatic
107 11 = Reserved.

1 RESERVED (bits 280) are reserved.

b. EAG ACMI Intra-Packet Time Stamplf enabled the optional IPTS is inserted
before EAG ACMI data block. The length of the InRRacket Time Stamp is
8 bytes (64 bits) positioned contiguously, in thidbowing sequence
(Figurel0- 121).

msb Isb
31 0
(OPTIONAL) TIME (LSLW)
(OPTIONAL) TIME (MSLW)

Figure 10121 EAG ACMI data intrapacket time stamp.

1 EAG ACMI Intra-Packet Time Stamp(8 Bytes) indicate the time tag thie
EAG ACMI TSPI dat a. APod | D6 and fASt
but will proceed the TSPI data in the packeirst long word bits 3D and
second long word bits 30 indicate the following values:

o0 The 48bit Relative Time Counter that corresys to the first TSPI data
bit. Bits 31 to 16 in the second long word (MSLW) of the IPTS will be
zero filled; or

o The Absolute Time, if enabled by bit 6 in the Packet Flags (paragraph
10.6.1.1.¢. Time format is indicatedybbits 2 and 3 in the Packet Flags
(paragrapii0.6.1.1.¢ and the first data bit.

c. EAG ACMI Intra-Packet Data HeadeiThe length of the IntrRacket Data
Header is fixed at 4 bytes (32 bits) positioned contiguously, ifotlosving
sequence (Figure 1122

msb Isb
31 16 15 0
RESERVED | LENGTH

Figure 10122 EAG ACMl.intra-packet data header.

0 RESERVED (bits 31i 16) is reserved.
o LENGTH. (bits 15i 0) indicates the length of the messagbytes

10.6.16.3 TSPI Data Packets, Format®JTTS). Air Combat Test and Training System
(ACTTS) data as defined by the USAF ACTTS Interface Specification (IS) WMSR @4l be
encapsulated in the Formapacket. The ACTTS Interface Specification deés the unique
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signal interface requirements for the-tmrair, airto-ground, groundo-air data links, and AIS
recording formats. The ACTTS WMSP-88 establishes the requirements for the information
recorded on the different Data Transfer Units (DTsgd by the various ACTTS airborne
subsystems to support both tethered and rangeless operations.

When encapsulating ACTTS message/word foraaia messages or words will not span
packets.Each new packet will start with a full message and not a parissage or word.

msb Isb
15 0
PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 180)
CHANNEL SPECIFIC DATA (BITS 3116)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA 1 (BITS 180)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA 1 (BITS 3il16)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA 1 (BITS 4432)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA 1 (BITS 6318)
INTRA-PACKET DATA HEADER
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA n (BITSL5i 0)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA n (BITS 3116)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA n (BITS 4-832)
(OPTIONAL) INTRA-PACKET TIME STAMP FOR DATA n (BITS 6318)
INTRA-PACKET DATA HEADER
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n
PACKET TRAILER

Figure 10123 ACTTS data packet format.

a. ACTTS PackeChannel Specific Data Wordlhe Packet Body portion of
each ACTTS Data Packet begins wit@laannel Specific Data Woiak
shown inFigure10-124.

msb Isb
31 30 27 26 0
IPTS| FORMAT | RESERVED

Figure 10124 ACTTS packeChannel Specific Data Wofdrmat.

1 IPTS (bit 31) indicates whether the IntPacket time stamp is enabled.
0 = IntraPacket Time Stamp not enabled
1 = IntraPacket Time Stamp enabled
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1 EORMAT. (bits 3027) indicates the ACTTS format type of data contained
within the packet.

0000 = Kadena Interim Training System (KITS) Recording Formats

0001 = Alpena KITS (AKITS) Recording Formats

0010 = USAF Europe Rngeless Interim Training System (URITS)
Recording Formats

0011 = Alaska ACTS Upgrade (AAU) Recording Formats

0100 = Goldwater Range Mission and Debriefing System (GRMDS)
Recording Formats

0101 = P4RC Recording Formats

0110 = Nellis ACTS Range Security lmative (NACTS RSI)
Recording Formats

0111 = P4ARCH5 CTS Participant SubsystéRS) Recording
Formats

1000 = P5 Combat Training System (CTS) Recording Formats

10017 1111 = Reserved

1 RESERVED (bits 260) are reserved.

b. ACTTS IntraPacket Time Stamplf enabled the optional IPTS is inserted
before each ACTTS message. The length of the-Pdicket Header is 4
bytes (32bits) positioned contiguously, in the following sequence
(FigurelQ- 125).

msb Isb
31 0

(OPTIONAL) TIME (LSLW)

(OPTIONAL) TIME (MSLW)

Figure 10125 ACTTS data IntraPacket Time Stamp.

1 ACTTS IntraPacket Time Stamp(8 Bytes) indicate the time tag of the
ACTTS Data. First long word bits 31 and second long word bits-81
indicate the following values:

0 The 48bit Relative Time Counter that corresponds to the first ACTTS
data bit Bits 31 to 16 in the second long word (MSLW) of the IPTS will
be zero filled; or

o The Absolute Time, if enabled by bit 6 in the Packet Flags (paragraph
10.6.1.1.¢. Time format is indicated by bits 2 and 3 in the Packet Flags
(paragrapli0.6.1.1.¢ and the first data bit.
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c. ACTTS IntraPacket Data HeadeiThe length of the IntrRacket Data
Header is fixed at 4 bysg(32 bits) positioned contiguously, in the following
sequence (Figure 11P6).

msb Isb
31 16 15 0
RESERVED | LENGTH

Figure 10126, ACTTS data intrgpacket data header.
0 RESERVED (bits 31i 16) is reserved.
o0 LENGTH. (bits 15i 0) indicates the length of the message in bytes

10.7 Recorder Control and Status

10.7.1 Recorder Control The recorder shall be controlled by either discrete control/status
lines and/or serial communication ports. The serial interface shall consishd®8a82 and
RS-422 full duplex serial communications.

10.7.1.1  Optional Recorder ControlThe recorder may be controlled over the Fibre
Channel, IEEEL394B, or Ethernet recorder download interface ports fraragrapii0.4

These interfaces shall support communications using SCSI (Fibre Channepdrsdgfaph

10.4.1 SCSl over SBR (IEEE1394B) IAW10.4.2 or iISCSI(Ethernet) IAWbaragrapii0.43
Recorder login anBRCC 106 Chapter 6 Command and Control Mnemonics shall be transmitted
and received using the SCSI ORB structures Ipakagrapk 10.9.3(as required for IEEE
1394B),10.9.4 and10.9.14

10.7.1.2 Optional TELNET Contral The recorder may be controlled over ETHERNET/
TELNET utilizing recorder control mnemonics as define®®C 106 Chapter 6.

10.7.2  Communication PortsThe RS232 and R$122 seriacommunication ports shall be
functional simultaneously without requiring selectafreither port. Status requested by either
port shall be returned on both ports. Note that unexpected results may occur if commands are
issued on both ports simultaneously

10.7.3 RS232/422 Port An RS-232/422 port shall be available at the Download Port.

10.7.4  Commands Commandseceived through the serial communication ports shall not
override hardwire discrete controls.

10.7.5  Status RequestsStatugequestseceived through the serial communication ports
shall not interfere with hardwire controls.

10.7.6  Serial Status Serialstatusshall be provided on either serial status request or discrete
activation.
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10.7.7  Default Interface Defaultinterfacewith user equipment shall utilize the following
ASCII serial communication protocol:

a. 38400 baud.
b. One start bit.
c. 8 bit data.
d. No parity.
e. One stop bit.

10.7.8  Serial CommandsThefollowing commands are a subset of the Recorder Command
and Control Mnemonics defined RCC Standard 106 Chapter garagrapt8, where additional
rules regarding command syntax and recorder operation are also specified, along with examples
showing the use of eacbmmand. The commands are simple ASCIl command strings
delimited by spaces. All commambegin with an ASClIl periodi@) and, with the
exception of the .TMATS command, end with a carriage return andel@teterminator
sequence.

1 Case Sensitivity Commands will not be case sensitive except for location

parameter in .PLAY and file name in .RECORD.
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10.7.9  RequiredSerial CommandsTable10-9 summarizes the required commands.
TABLE 10-9. COMMAND SUMMARY
Command Paraneters Description
ASSIGN [destinationID] [sourcelD] Assign replay (output) channels to source (input)
channels
BIT Runs all of the buitin-tests
Specify and view masks that determine which of the
-CRITICAL [n [mask] .HEALTH status bits areritical warnings
DATE [startdate] ig\igléy setting or displaying date from recording
.DECLASSIFY Secure erases the recording media
.DISMOUNT Unloads the recording media
.DUB [location] Same as .PLAY but with internal clock
.ERASE Eraseghe recording media
.EVENT [textstring] Display event table or add event to event table
.FILES Displays information about each recorded file
.FIND [value [modé ] Display current locations or find new play point
.HEALTH [featurd Display detailedstatus of the recorder system
.HELP Displays table of "dot" commands
RCC106 Returns supported version numbeR&C 106
' Recorder Command and Control Mnemonics
.LOOP Starts record and play in reafterwrite mode
.MEDIA Displays media usage suram
.MOUNT Powers and enables the recording media
.PAUSE Pause current replay
, Reproduce recorded data of assigned output chann
PLAY [locatiori[speed] starting at [location] and at [speed]
Configure, start and stdive data over the recorder
.PUBLISH [keyword] [parameter] Ethernet interface
.RECORD [filenamé Starts a recording at the current end of data
.REPLAY [endpoint[modé ] Same as .SHUTTLE but with internal clock
.RESET Perform software initiated system reset
.RESUME Resume replafrom pause condition
SETUP [ Di spl ays or se | e-prdgmmnied o
data recording formats
. Play data repeatedly from current location to the
SHUTTLE [endpoint[modg ] specified endpoint location using external clock
STATUS Displaysthe current system status
.STOP [modé Stops the current recording, playback, or both
.TIME [start-time] Displays or sets the internal system time
.TMATS {mode} [n] Write, Read, Save, or Get TMATS file
* Parameters in braces fi{}0 are required.
parameters are nested (A[xxx [yy] 10), the ¢

the inner parameter (yy).
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10.7.10 Required Disrete Control FunctionsRequireddiscretecontrol functions are noted
in Figurel0-127.

Description
RECORD
ERASE
DECLASSIFY
ENABLE
BIT

Figure 10127. Requireddiscrete control functions.

a. Control and Status Linegrive contacts for discrete control and five lines for
indicating status shall be provided. Grounding a control line (or causing the
indicator line to go to ground) referenced to the recorders ground completes
the circuit to activate a function as shoinrFigure10-128

28VDC o RECORD IND SSR
—N\AAN ’I
y FAULT IND
N AR BIT IND
o ERASE IND
122 DECLASSIFY INDICATION

et RECORD
N I

BIT
L ERASE
— DECLASSIFY
—— ENABLE
=

Figure10-128 Discretecontrol and indicator functional diagram.

b. Record CommandActivated by toggle switch (Normally closed position 0.55
Volts or less), this discrete commands the recorder to stariag.
Recorder will remain in this mode until such time as the switch is set to
normally open position.

c. Erase CommandActivated by momentary switch (0.55 Volts or less,
minimum duration of 100 ms), this discrete commands the recorder to erase
its use data and file directory memory provided the enable switch is also
activated.
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d. Declassify CommandActivated by momentary switch (0.55 Volts or less,
minimum duration of 100 ms), this discrete causes the recorder to start the
declassify procedure providéige enable switch is also activated.

e. Command EnableActivated by momentary switch (0.55 volts or less) for
either ERASE or DECLASSIFY discrete to operate.

f. Bit Command Activated by momentary switch (0.55 Volts or less), this
discrete commands the meder to start the BIT procedure.

g. Record StatusA Record indication (ON) shall be active low 0.55 volts or
less. A NonRecord indication (OFF) will be an open circuit. Current limit of
60 milliamps required.

h. BIT Status A BIT indication (ON) shall b&.55 volts or less. A NeBIT
indication (OFF) will be an open circuit. Current limit of 60 milliamps
required.

i. Fault Status A Fault indication (ON) shall be 0.55 volts or less. A Nr@awlt
indication (OFF) will be an open circuit. Current limit & gilliamps
required.

J. Erase StatusAn Erase indication (ON) shall be 0.55 volts or less. A-Non
Erase indication (OFF) will be an open circuit. Current limit of 60 milliamps
required.

k. Declassify StatusA Declassify indication (ON) shall be 0.55 valisless. A
Non-Declassify indication (OFF) will be an open circuit. No discrete control
line shall be available at the Download port. Current limit of 60 milliamps
required.

10.7.11 Voltage 28VDC auxiliaryvoltage output shall be provided from the
discrete/control port (250 mA max, short circuit protection).

10.7.12 Status Query Statusgueryingshall be limited to intervals not to exceed 2
seconds and not less than one second.

10.7.13 Erase CommandActivatedby momentary switch (.55 Volts ordg, minimum
duration for100 milliseconds, if ENABLE discrete is also activated for 100 milliseconds), this
discrete commands the recorder to erase its user data and file directory memory provided the
enable switch is also activated.

10.7.14 DeclassifyCommand Activatedby momentary switch (0.55 Volts or less,

minimum duration of 100 milliseconds, if ENABLE discrete is also activated for 100
milliseconds}his discrete commands the recorder to start the declassify procedure provided the
enadle switch § also activated.

10.7.15 Command EnableActivated by a momentary switch (0.55 Volts or less for
minimum duration of 100 milliseconds) for either ERASE or DECLASSIFY discrete to operate.
In order to activate the ERASE OR DECLASSIFY, the ENABLE BRIARSEOR
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DECLASSIFY must simultaneously be active fanaimum duration of 100 milliseconds.
Table10-10 presents the Recorder LED states.

TABLE 10-10. RECORDER LED STATES

is in progress.

LED On Flash Off
ERASE Media erased. Media erasing is in Not erasednedia.
progress.

RECORD In recording - Not in recording
Recorder is not ready, Recording is running

FAULT or any of the critical - properly. No critical
warning exists. warning.

BIT Built-in test running. . Built-in test is not

running.
DECLASSIFY | Mediadeclassified. Media declassification Not declassified media

Note: Flashing is defined as On: 500 ms, Off: 500 ms

10.8 Declassification
Associated Documents such as N$20-2, DOD 5200.28 (1972), and DQL6

historically covered declassification guidelines/requirements. These documents focused on

declassification of standard disk and other conventional memory technolbDgelassificatn

is the determination by an authorized official that classified information no longer requires, in
the interest of national security, any degree of protection against unauthorized disclbssire.
standard provides for the minimum set of commands that may be utilized to allow for user

declassification of Solid State Media residing in an RMM. The Solid State Media may consist of
COTS Solid State Disks (SSD) or a memory configuration unigtietmanufacturerThere
are several approaches for declassificatibime responsibility for ensuring that a proper
declassification process has been effectively implemented will reside ultimately with the
user/customer/program manager.

10.8.1 Approach Thefollowing approaches for declassification are currently recommended.

The risk that proper declassification has been effectively implemented will reside ultimately with
the user/customer/program manager. It is believed that the user is the rifistiqaa

det er mi

ne the decl

assificat.i

available on the Internet at Defense Link.

10.8.2 Algorithm. The algorithm to erase secure data is described below. During the secure

on

erase procedure, all blocks of memory shall be processed. No block in memibg shal
excluded from secure erase processing for any reason.

procedures
responsibility to correctly apply the guidelines to the program in each location to optimize the
cost/effect while providing appropriate protection for theadathe guidelines are planned to be

a. First Erase Every memory block on the board is erased. Any erase failures
reported by memory chips will result in the corresponding chip/block being
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declared a bad block. In the event this blxtk is not already in the
corresponding boardds bad block tabl e,
onto the boardds bad bl ock tabl e. Not e
Secure Erase flag set.

. First Write (0x55) Every memory chip locatias recorded with the pattern

0x55. As each location is written, the data is read back to guarantee that all bits
were written to the expected pattern. Any write failures reported by the chips,
or any data errors will result in the corresponding chiplblming declared a

bad block. In the event this bad block is not already in the corresponding

boarddés bad bl ock tabl e, a new bad bl oc¢
boarddés bad bl ock tabl e. Note that t hi
flag st.

. Second EraseEvery memory chip shall be erased. Any erase failures reported
by the memory chips will result in the corresponding chip/block being declared
a bad block. In the event this bad block is not already in the corresponding

boar do sktdbla,d nelwlbaa block entry will be appended onto the
boardoés bad block table. Note that thi
flag set.

. Second Write (OxAA) Every memory chip location is recorded with the pattern

OxAA. As each location is itten, the data is read back to guarantee that all

bits were written to the expected pattern. Any write failures reported by the

memory chips, or any data errors will result in the corresponding chip/block

being declared a bad block. In the event thalidack is not already in the
corresponding boarddés bad block tabl e,
onto the boardds bad bl ock tabl e. Not ¢
Secure Erase flag set.

. Third Erase Every memory location is eraseflny erase failures reported by
the memory chips will result in the corresponding chip/block being declared a
bad block. In the event this bad block is not already in the corresponding

boardbés bad bl ock tabl e, a neaw bad bl oc
boarddés bad bl ock tabl e. Note that t hi
flag set.

Usable Secure Erased Blockall blocks that do not have an entry in the bad
block table are now considered to be Secure Erased.

. Unusable Secure Erased Blockia bad block entry contains the flag

indicating it has already been Secure Erased, this block has already been secure
erased and requires no further processing, since it is known that this block was
skipped during the previous recording.

. Unsecure Bad Bick Processing A boardds bad bl ock tat
block entries that have not previously been Secure Erased. If any such entries
exist, the following steps are performed on each block.

1 Write Zeros Loop For each page in the block, a patternliaferos is
written to the page, and the page is checked to determine if any unexpected
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ones (UOs) are found. If any UOs are found, the pagevisitien to all
zeros. This process is repeated up to 16 times. After all allowedtes,
the board, clp, and block numbers of the block containing any remaining
UOs are written to a Failed Erase Table.

1 Write Ones Loop For each page in the block, the page is erased (to all

ones) and checked to determine if any unexpected zeros (UZs) are found. If

any UZsare found, another erase command is issued to the block. This
process is repeated up to 16 times. After all allowed erase operations, the
board, chip, and block numbers of the block containing any remaining UZs
are written to the Failed Erase Table.

Faied Erase Table Processingny remaining entries in the Failed Erase Table

correspond to blocks that cannot be erased. These blocks may still contain user

data and therefore are declared to have failed the secure erase.

A count of the number of bdzocks in the Failed Erase Table that have not
been Secure Erased is returned as part of the secure erase resultszefonon
count indicates a secure erase failure of at least one block. A command will
allow the user to retrieve the Failed Erase TaBleommand will also allow a
user to retrieve the data from such blocks and manually determine if these
bl ocks can be designat ed,assinglefst8ck loitu r e
will not compromise any user data and the offending block can be manuall
declared to be Secure Erased. If the results of manual inspection are
indeterminate, the chip containing the failed block must be removed and
destroyed, and the Secure Erase procedure must be repeated.

Secure Erase CompletioWhen all blocks are sexe erased (no entries in the
Failed Erase Table), the content of
repeated over and over.

10.9 |EEE 1394B Interface to Recorder Media

This interface definition specifies the interface between the removable meldiaeshost
platform as IEEE 1394B. The selection of this protocol was adopted to facilitate a common
interface between the media and the computing platform.

NOTE

This definition does not mandate the interface between the recorder &
media.

10.9.1 MediaTime Synchronization In orderto allow recorders to be synchronized to the same

time without requiring platform modification or external time source provided to recorder, the
Removable Media Cartridges shall maintain time allowing for time initialization of recorder.
Removable mediaartridges shall allow for a battery baak real time clock device.

Initialization of time shall be accomplished via IEEB94B interface.
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10.9.2 Physical and SignalingTheinterfaceshall allow control of Vendor Specific Solid State
devices and Commeial Off The Shelf (COTS) Media as per Figdi@129.

REMOVABLE MEDIA
NODE
UNIT UNIT
SCSI SC3
Processor Device Vendor Device

ARTO NSSo
Link
PHY

Figure1l0-129 Removable media.

10.9.3 Removable Media Communicatiohe fundamental method of communicating shall be
in accordance to the IEEE 1394b protocol. Packets sent and received shall be asynchronous
transmissions. IEEE394b packets shall encapsulate Serial Bus Protocol-gyB#matted
packets for the transport of commands dath Removable media devices are to use SCSI
command set(s) and therefore SCSI commands and status shall be encapsulate?l in SBP
Operation Request Blocks (ORB).

NOTE
SBR2 provides for the transport of®- and 12byte SCSI Common
Descriptor Blocks within a command ORB.

10.9.4 Transport of Serial Command&emovable deviceshallimplement the SEND and
RECEIVE Processor Device SC3ICommands. ThRCC Standard 106 Chapter 6 commands
and data will be transported using these SCSI commands and the data buffers.

10.9.5 Mandated IEEEL394b Interface Connectoilhe connector type for the removable media
shall be a Al EEE 139 4 bPoBarforithe BamavableS/edalsteli b c o n n
derived from the Bilingual interface connector.
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10.9.6 Real Time Clock Removable media configured with a real time clock shall allow for
time to be preset in the media allowing for the transfer to the recdd@$] command set shall
be utilized to set time on the cartridge.

a. Real Time Clock Time Format. Time format shall be in accordance with
paragraptRCC 106 Chapter faragrapl6.83.32 The date format shall be in
accordance with ISO 8601.

b. Real Time Clock.ogic Unit Number. The standard SCSI Media devices are
using Logical Unit Number (LUN) = 0. The Real Time Clock shall be
assigned LUN =1.

10.9.7 Mandatory Commands for Processor DevicEse mandatory commands for processor
devices are listed in Tablé-11.

TABLE 10-11. MANDATORY PROCESSOR COMMANDS

Command Parameters Description

.BBLIST Directs the RMM to retrieve the bad block list

.BBLISTR Retrieves the bad block list from the RMM

BBREAD {block identifier} z?rt#;r:s contents of specified block in ASCII hexadecimal byte

Directs the RMM to initiate a physical block read of the specifie

.BBREAD P {block identifier} physical block idetifier

Retrieves the data from the physical block. See the .MEDIA P
.BBREAD D . : : LY
command for informationData is returned in binary format.

.BBSECURE | {block identifier} | Marks an unsecured bad block as secure

BIT Runs all of the RMM buitin-tests

Specify and view masks that determine which of the .HEALTH
-CRITICAL [n [mask ] status bits are critical warnings

.DATE [startdate] Specify setting or displaying date from RMM

Initiates command as specified by user specification or user

DECLASSIFY CONOP overwrite procedures

.ERASE Erases the RMM media

.HEALTH [featurd Display detailed status of the RMM

IDENTIEY Queries the RMM for Solid State Memory identification and
firmware version

INITIALIZE Initializes RMM internal components

IRIG106 Retrieves thé&kCC-106 supported version number

.MEDIA P Queries the RMM for information about the physical media of t
RMM and the transfer limits for the required physical I/O
commands

.PBWRITE P | {block identifier} | Directs the RMM tanitiate a physical block write of the specifiec
physical block identifier

.PBWRITE D Write the data to the physical block in binary format. See the
.MEDIA P command for information.

.SANITIZE Initiates a memory clear and identification of bad mentdogks

STATUS Displays the current RMM status

.TIME [start-time] Displays or sets the internal system time
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10.9.7.1 RMM .HEALTH Command Responsdhe RMM .HEALTH command response is
presented in Figur&0-130.

MASK DESCRIPTION
RMM 01 BIT Failure
02 Setup Failure (unable to set the time or date properly)
04 Operational Failure (I/O error, media error, etc)
08 Low or dead battery warning

10 RMM Busy

20 Reserved for future Chapter 10 status bit
40 Reserved for futur€hapter 10 status bit
80 Reserved for future Chapter 10 status bit
VendorSpecific Health Status Bits

Figure 101300 RMM .HEALTH command response.

Q@ w
wlN|o|loa| M w|N| RO =
i 5

NOTE

The operation of these commands is described in Chapiar&graplts,
Command and Control Mnemonics.

10.9.8 Time Setting Requirementslo set time, the . TIME commands should be used
according to Chapter paragrapt8, RecordeCommandand Control Mnemonics,
paragrapl6.8.4.32. To guarantee and avoid uncalied delay, the following algorithm shall be
used:

a. The Host device puts a .TIME command with time parameter to be set in its
SEND buffer and sends it at least 100 ms prior to the correct time to the Real
Time Clock device. The delay is necessary tonatlee Processor Device to be
prepared for the exact time setting and to hold off enough in the Host to force a
doorbell with the next SCSI command. Without enough delay the Host will not
be able to chain the next SCSI command together with the previousatd. |If
the operating system demands it a delay greater than 100 ms can be used.

b. The Processor Device shall process this time and be prepared to set it at receipt of
the doorbell.

c. A SEND command shall be sent to the Real Time Clock with the mesdife . T
without parameters to ask back the time set.

10.9.9 Set Time To set time the .TIME commands should be used accordRG@106
Chapter 6paragrapt8 Recorder Command and Control Mnemonpgesagrapt6.8.3.32

10.9.10 Date Setting Requirement#\ .DATE [startdate] command shall be utilized for
setting or displaying date of the removable memory real time clock. The date shall be set in
yearmonth-day format according to ISO 8601.
1 Date Example.
.DATE
DATE 200212-31
*
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10.9.11 Checking Battery tatus Verification of health of battery shall be accomplished
with .CRITICAL and .HEALTH commands IAVRCC 106 Chapter Garagrapl8. Recorder
Command and Control Mnemonigaragrapl6.8.4.2 angaragrapt6.8.4.10.

10.9.12 Declassification Supporting@ddhmands

10.9.12.1 .IDENTIFY: A .IDENTIFY command queries the RMM for Solid State Disk
(SSD) identification and firmware version.

Description
This command queries the RMM for SSD identification information and

SSD firmware version.

Parameters
None

Response
The RMM responds with one line containing five comma separated fields.

Characters and spaces are allowed within the comma separated fields.
Response time shall be within 100 milliseconds.STATUS command
request prior to 100 milliseconds dhelicit a BUSY response.

* IDENTIFY

A B, CD,E

*

Where

A é SSD Manufacturer

B é SSD Model

C ¢é SSD Serial Number

D ¢é RMM Firmware Version
E ¢é SSD Firmware Version

10.9.12.2 .MEDIA P: The .MEDIA P command is utilized to query the RMM ioformation
regarding the physical block architecture of the SSD and the SCSI RECEIVE transfer limits in
effect when reading physical blocks.

Parameters
The parameter AP0 distinguishes this
command.

Response
TheRMMrespaods with one | ine containing t

five space separated integer numbétesponse time shall be within 100
milliseconds.A .STATUS command prior to 100 msec shall return a
BUSY state.
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Example

*MEDIA P
PHYSICALABCDE

*

Where é

A Physical block size in bytes. This value must be a multiple of item
D below.

B ... Total number of physical blocks in SSD.

C Baximum ORB transfer size that can be used when reading the

binary data from the physical block with the .BBREAD mia
.PBWRITE D commands.

D é Number of valid data bytes in a physical page. Item A above must
be an integer multiple of this value.

E é This field specifies the number of filler bytes appended onto each
physical page read from the RMM. Filler bytes tgy@cally
inserted to pad the transfer to the next ATA sector boundary. If no
padding is required, this field may be 0.

10.9.12.3 SANITIZE: A .SANITIZE command shall initiate a write/verify of all RMM

user data physical block§.he pattern may consis of ei t her al | AFF&6so or
.SANITIZE command shall identify any blocks that cannot be written or veriiolcks that
cannot be writtentoorcontasnt | east one bit that is stuck in

t er med fd.ahe uskbrishaltré&view the block contents and map out the bad blocks such
that they are no longer addressalibnce the address has been mapped out the blocks are no
longer addressable and are no longer identified italdeblock tabléFigure10-131).

SET START ADDRESS
Ox00

INCREMENT ADDRESS ‘

UPDATE BAD
BLOCK TABLE

NO

Figure 10131 Updating the Bad Block Tahle
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Parameters
None

Response
The RMM responds with an asterisResponse time shall be within 100

milliseconds.A .STATUS command prior to 100 milliseconds shall elicit
aBUSYresponseDur i ng Sanitization the RMM !

XX yy zz0; where zz indicates percen
. STATUS command. Upon completion a
shall indicate that bad blocks were fourfd status response upon

compl etion of AS 12 xx yyo shall indi
Example

* SANITIZE

*

10.9.12.4 .BBLIST: A .BBLIST command shall be utilized to instruct the RMM to retrieve
the list of UNSECURED bad block identifiers from Solid State Media megiti the RMM. A
BBLIST command is only valid following a SANITIZE command.

Parameters
None

Response
The RMM responds with an asterisResponse time shall be within 100

milliseconds.A .STATUS command prior to 100 msec shall return a
BUSY state.

Example
* BBLIST

*

10.9.12.5 .BBLIST R: A .BBLIST R shall be used to retrieve bad block identifiers from
the RMM. This command may only be issued immediately following a successful .BBLIST
command.
Parameters
The paramet er i Boonmahd foomthesgandard hes t hi s
.BBLIST command.

Response
The RMM must respond with a list of hexadecimal bad block identifiers.

Each identifier must be terminated with a <CR><LF> sequence. Each
identifier must be a legal hexadecimal number from 1 to 16sdidNb
embedded spaces or other special characters are all®esgonse time
shall be within 100 millisecondsA .STATUS command prior to 100
milliseconds shall return a BUSY state.
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Example
* BBLIST R

000000ES3
0000034f
FE0184C9

10.9.12.6 .BBREAD P {block_identifier}: A .BBREAD P {block _identifier} shall direct
the RMM to initiate a physical block read of the specified physical block identifier.

Parameters

The parameter AP0 distinguishes this
command.

The paraneterblock_identifieris the physical block identifier [from the

BBLIST R response] of the block to be read.

Response
The RMM responds with an asterisResponse time shall be within 100

milliseconds.A .STATUS command prior to 100 msec shall return a
BUSY state.

Example
.BBREAD P FE0184C9

*

10.9.12.7 .BBREAD D: A .BBREAD D command shall read one binary physical block

from the RMM. This command may only be issued immediately after a successful .BBREAD P
command. The size of physical bloplage size, page filler size, and maximum SCSI RECEIVE
transfer size that are required to perform th
the .MEDIA P command.

Parameters
None.

Response
The RMM responds by returning the requested binhggigal block data.

Multiple SCSI RECEIVE commands may be required to retrieve the entire
physical data block.

* BBREAD D
Response is in binary.

10.9.12.8 .BBSECURE plock identifie}: A .BBSECURE command shall be utilized to

mark an unsecured bad block as being secured. A block that has been identified as secured shall
never be used for any subsequent data recording. Secured bad blocks shall be removed from the
unsecured bad blod#entifier list. Theblock identifiershall be provided for the block to be

secured.

10-139



Telemetry Standards, IRIG Standard 206(Part 1) Chapter 10June2011

Parameters
None.

Response
The RMM responds with an asterisk.

Example
.BBSECURE 5678

*

10.9.12.9 .PBWRITE P {block_identifier} A .PBWRITE P {block_identifier} shall direct
the RMM to initiate a physical block write of the specified physical block identifier.

Parameters
The parametdblock_identifieris the physical block identifier [from the
BBLIST R response] of the blodk be written.

Response
The RMM responds with an asterisResponse time shall be within 100

milliseconds.A .STATUS command prior to 100 milliseconds shall
return a BUSY state.

Example
.PBWRITE P FE0184C9

*

10.9.12.10 .PBWRITE D A PBWRITE D canmand shall write one binary physical block to

the RMM. This command may only be issued immediately after a successful .PBWRITE P
command.The size of physical block transfer size and the maximum SCSI SEND page size that
are required to performthier ansf er ar e all specified in the
command.

Parameters
Binary data block.Multiple SCSI SEND commands may be required to
transfer the entire physical data block.

Response
The RMM responds with an asterisk after all data is successfully received.

* PBWRITE D
<binary data> total length = physical block size.
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10.9.12.11 .INITIALIZE : A .INITIALIZE command shall be utilized to configure the RMM
memory and reset of thariware.

Parameters
None

Response
The RMM responds with an asterisResponse time shall be within 100

milliseconds. A .STATUS command prior to 100 milliseconds shall
returnaBUSY stateA response of AS13 Xxx yy zzc¢
percentage cuplete shall be providedJpon completion, a response of

AS 14 xx yyo shall be provided; wher
required after initialization.

* INITIALIZE
*
STATUS
S 13 00 00 01%
STATUS
S 13 00 00 02%
A
A
A
STATUS
S 13 00 00 100%
STATUS
S 14 00 03
STATUS
S 0100 00

10.9.12.12 .DECLASSIFY: A .DECLASSIFY command shall be utilized to initiate user
procedures.

Parameters
None

Response
The RMM responds with an asterisResponse time shall be within 100

milliseconds.A .STATUS command prior to 100 milliseconds shall
returnaBUSY stateDur i ng Sanitization the RMM
04 xx yy zz0; where zz indicates per
command. Upoc omp|l et i on a status response
indicate that bad blocks were found.status response upon completion

of AS 12 xx yyo shall indicate that

Example
* DECLASSIFY

*
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10.9.12.13 .IRIG106 A .IRIG106 shall be utilized to retrieve tRCC 106 supported

version number.

Parameters
None

Response
The RMM responds with a version number which shall be a two integer

valuerepresenting the last two digits of the yeaR&IC 106release
supported by the devic&response time shall be within 100 milliseconds.
A .STATUS command prior to 100 milliseconds shall return a BUSY
state.

Example
* |IRIG106

09
*

10.9.12.14 .STATUS A .STATUS shall be utilized to query the RMM for status
information (see Tabl&0-12).

Description
This command queries the RMM for status information.

Parameters
None

Response
The RMM response to a .STATUS command with a response of the

f or mé

* STATUS
S A B C [D%]
*
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TABLE 10-12 RMM STATES

Description
STATE State State State Progress
CODE Value Value Percentage
(A) (B ©) (D)

FAIL 00
IDLE 01 00 00
BIT 02 00 00 Percent Complete
ERASE 03 00 00 Percent Complete
DECLASSIFY
SANITIZE 04 00 00 PercenComplete
BUSY 09 00 00
SANITIZE Number of
COMPLETED 11 00 bad blocks
BAD BLOCKS found
FOUND (Integer)
SANITIZE
COMPLETED
NO BAD 12 00 00
BLOCKS
FOUND
INITIALIZE IN
PROGRESS 13 00 00 Percent Complete

Number of

seconds
INITIALIZE )
COMPLETE 14 00 _re_q_ulred _for

initialization

(Integer)

10.9.12.15 RMM Command Error Codeslssuing invalid commands (bad syntax) or illegal

commands (not accepted in the current system state) result in error code responses (with an

ASCI

I i EO

I denti fier)
completed. Tabl&0-13 shows possible error codes and the conditions under which they occur.

Example
.CLEAR

E 00
*
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TABLE 10-13. COMMAND ERROR CODES

ERROR | DESCRIPTION CONDITIONS

00 INVALID COMMAND Command does not exist
01 INVALID PARAMETER | Parameter is out of range, or wrong alpheneric type
02 INVALID MODE Command cannot be executed in the current state

05 COMMAND EAILED Commgnd failed to execute for any reason other th
those listed above

10.9.13 Vendor Specific DevicesThe Mandatory SCSI Command Set for Vendor
Specific Devicess as follows:

a. For random access devices
INQUIRY
READ
READ CAPACITY
TEST UNIT READY
REQUEST SENSE

b. For sequential access devices
INQUIRY
READ
REWIND
TEST UNIT READY
REQUEST SENSE

NOTE
COTS media shall support as a minimum the SCSI command set to

support data download in accordance wpidinagrapi0.4of this standard.

10.9.14 Mandatory ORB Formats for the Processor Device

10.9.14.1 Minimum Operational Regudments The time setting accuracy of the Real Time
Clock device shall be better than 1 millisecond. The short time accuracy of the Real Time Clock
device must beetter tharlO ppm in the temperature rangd@C, andbetter tharbO ppm in the
temperatureangei 40C- +85C.
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10.9.14.2 ORB Format

a.

Login ORB format The login ORB format is illustrated in Figut6-132

most significant

password

| | | | | | | | | |

LUN

n [Ra_fmil x | Reserved| reconnect| function
passwolrd_length Iogin_resplonse_length
Status_FIFO
least significan
Field and Bit Descriptions

Password 32 bits |Thepassword shall be ARTC. 0
the immediate data and the password_length shall be zero.

Login_response 64 bits | The login_response (32 bits) field and login_response_leng

login_response_lengtl 16 bits | (16 bits) field shalkpecify the address and size of a buffer
(minimum of 12 bytes) allocated by the host for the return o
login response.

N 1 bit The notify bit fAndo shall bg

Rq_fmt 2 bits | The rg_fmt shall be zero.

X 1 bit The exclusive bit Axo0 shall

Reserved 4 bits | Reserved shall be zero (0).

Reconnect 4 bits | The reconnect field shall specify the reconnect time as a po
of 2 seconds. A value of zero shall mean one second.

Function 4 bits | The Function shall be zero.

LUN 16 bits | The logical unitnumber shall be one (1).

Status_FIFO 64 bits | The Status_FIFO shall contain the address allocated by the
for the return of status for the LOGIN request and for the ref
of subsequent write and read buffer response(s) indicating
success/failure of thoperation

Figure 10132 Login ORB format.
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b. Login ResponseThe Login Response format is illustratedrigure 10133

most significant

Length login_ID

command_block_agent

reserved reconnect_hold

least significan

Field and Bit Descriptions

Length 16 bits | The length, in bytes, of the login response data

login_ID 16 bits |[Used in all subsequent
Management Agent.

command_block agen] 64bits |[Base address of agentods

Reserved 16 bits | Reserved shall be zero (0).

Reconnect_hold 16 bits | TBD

Figure 10133 Login response format.

c. Send The Send command ORB format is illustrated in Fidi&34, andthe
Send datduffer format is illustrated ifigure10-135. The Send data buffer
contains the send command (according to Chapter 6) with the carriage return,
line feed and binary O character terminated. Alternatively, a .PBWRITE D
command will send data in binary format.
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most significant

next ORB
data_descriptor [ )
—ceserp AEN
g s
T T _
nRe_fm r |d| spd |max_payloa{p| page_size data size
. — — I//}IIIIIIIIII'IIII
OAh LUN Res  |aen Xfer Lng- upper bits
Xfer Lng- lo Control 00h 00h
Oh 00h 00h 00h
least significan
Field and Bit Descriptions

next ORB 64 bits | ORB pointer format shall be in accordance with SB$pecifications.
data_descriptor 32 bits | Data_descriptor shall contain the address of the data buffer.
n 1 bit Completion notification fnostatesh al

block at the status_FIFO address at the address supplied in the login re
Rq_fmt 2 bits | Required format shall be zero.
r 1 bit Reserved shall be zero (0);
d 1 bit Direction bit Ado shall be zero.
spd 3bits [Speed Aspdo sditad. | have a value
max_payload 4bits |[The maxi mum data transfer | engtHh
p 1 bit The removable media device must be prepared to handle the Page tab

p=0 and p=1 cases as the standard operating systems set this bit withg

influenceof the application programs.
page_size 3 bits | Page size shall be zero if the p field is set to 0, otherwise this field shall

set to the valid page size.
data size 16 bits | The data size field should be set according to the allocated send buffer

in bytes (N). The length must be at least 80 (50h).
LUN 3 bits | The logical unit number shall be one (1).
Res 4 bits | Reserved shall be zero (0).
AEN 1 bit AEN shall be zero.
Xfer Lng 24 bits | The length must be at least 80 (50h).
Control 8 bits | Controlshall be 80h.

Figure10-134 Send command ORB format.
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