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CHAPTER 11

Packet Format Standard

11.1 General

A large number of unique and proprietary data structurebd®en developed for specific
data recording applicationisatrequired unique decoding software prograifige activities of
writing unique decodingagtware, checking the software for accuracy, and decoding the data
formatsare extremely tim&onsuming and costly.

Specifically, thispacket formastandard shall besablewith multiplexing of both
synchronous and asynchronous digital inputs such as patde modulation (PCMMilitary
StandardIL -STD) 1553 data bus, time, analog, vidé@ronautical Radio, INdARINC) 429
discrete andUniversal Asynchronous Receiver and Transmitter (UART) containing
Recommended Standaf@)-232/422485communicabn data This packetstandard will allow
use of a common set data interpretation libraries to reduce the cost of producing data analysis
systems.

used to provide descriptions, meaning, and/or
explanations, the text shall take precedence over fig
and tables

NOTV Within this standard, where tefigures or tablesare

The data format structuregacket header, secondary packet headfemnelspecific data
word [CSDW], intra-packet data headdPDH], andpacket trailey described irSectionll.2are
defined to have the following bit and byte orientatibhe least significant byte shall be
transmitted firsttheleast significahbit (Isb) of each byte shall be transmitted fjrsfith most
significant bit (msb) transmitted lasind data is read from the lowest logical address Titss
ordering is commonly referred to Asittle Endiano The packetdata shall remain in its naé
byte order format.

11.2 Data Format Definitions

11.2.1 Common Packet Elements

Data shall have three required paapacketheader, gacketbody, anda packettrailer,
and an optional part if enabledpacketsecondaryheader A packetwill always conform to the
structure outlined ifrigure11-1.

a. A packet has the basic structure showiiable11-1. Note that the width of the structure
is not related to any number of bytes or bitsis table is merely to represent relative
packet elements and their placement within the paSlesfTable11-2 for a diagram of
the generic packet formakhis tabledoes not depict the bit lengths of each fisltbrd
sizes of 8 bits, 16 bits, and 32 bai® used depending on the data type.

To further clarify the packet layoufable11-2 shows the generic packet ir82bit,
little-endian format, andssumes 16it data words and data checksum.
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Packet
Header

Optional
Packet
Secondary
Header

Packet Body

Packet Trailer

Packet Sync Pattern

Channel ID

Packet Length

Data Length

< Header Version

Sequence Number

Bit 7: Indicates
the existence of
the optional
packet
secondary

Bit 6: Indicates
the intra-packet
time stamp time
source.

Bits 3-2: Indicate
the packet
secondary
header time
format.

Bits 1-0: Indicate
the data
checksum
existence.

header.

Packet Flags

Data Type

Relative Time Counter

Header Checksum

<

<

Filler...

Bit Bit
5] 4

Bit | Bit
3|2

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

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

Figurell-1.

Overall PackeStructure

Table 11-1.

General PacketStructure

PACKET SYNCPATTERN

CHANNEL ID

PACKET LENGTH

DATA LENGTH

DATA TYPE VERSION

SEQUENCE NUMBER

PACKET FLAGS

DATA TYPE

RELATIVE TIME COUNTER

HEADER CHECKSUM

Packet Header

11-2
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TIME

RESERVED

SECONDARY HEADERCHECKSUM
CHANNEL-SPECIFICDATA
INTRA-PACKET TIME STAMP 1
INTRA-PACKET DATA HEADER 1
DATA 1

PacketSecondary
Header(Optional)

Packet Body

INTRA-PACKET TIME STAMP N
INTRA-PACKET DATA HEADER N
DATA n

DATA CHECKSUM Packet Trailer

Table 11-2. 32-Bit Packet Format Layout

msb Isb
31 16 15 0
CHANNEL ID | PACKET SYNC PATTERN

PACKET LENGTH

DATA LENGTH

SEQUENCE | DATA TYPE Packet Heade

DATA TYPE PACKET FLAGS NUMBER VERSION

RELATIVE TIME COUNTER

HEADER CHECKSUM [RELATIVE TIME COUNTER

TIME (LEAST SIGNIFICANT LONG WORD [SLW]) (Optional)
TIME (MOST SIGNIFICANT LONG WORD MSLW]) Packet
SECONDARY HEADER Secondary
CHECKSUM RESERVED Header

CHANNEL-SPECIFICDATA

INTRA-PACKET TIME STAMP 1

INTRA-PACKET TIME STAMP 1

INTRA-PACKET DATA HEADER 1

DATA 1 WORD 2 DATA 1 WORD 1
DATA 1 WORD N :

INTRA-PACKET TIME STAMP 2

INTRA-PACKET TIME STAMP 2 Packet
INTRA-PACKET DATA HEADER 2 Body

DATA 2 WORD 2 DATA2 WORD 1

DATA 2 WORD N

INTRA-PACKET TIME STAMP N

INTRA-PACKET TIME STAMP N

INTRA-PACKET DATA HEADER N

DATA N WORD 2 | DATA N WORD 1
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DATA N WORD N | :

[FILLER]

DATA CHECKSUM | | Packet Trailer

Depending on the data type, the size ofdamcheclsum can contain 32 bit$6 bits,8
bits, or the checksum can be entirely left &iar a 32bit datacheclsum, the packet
trailer would be as shown Figurel11-2.

msb Isb
7 0
[ Filler ]
Data Checksumigb)
Data Checksum Packet Trailer
Data Checksum
Data Checksumm(sb

Figurell-2. Packet Trailer for 3:Bit Data Checksum

b. For an 8bit datacheclsum, the packet trailer would be as showRigure11-3.

msb Isb
/ 0

[ Filler ] .
Data Checksum Packet Trailer

Figurel1-3. Packet Trailer for 8Bit Data Checksum

c. The size of a singlpacketmay be a maximum of 524,283'°) bytes as shown ifiable
11-3. This includes th@acketheadeypacketbody, packettrailer, and optionapacket
seconary headeif enabled The only exeption to the packet size limit is the Computer
Generated Data Packet, Formaeiuprecord, which may be a maximum of 134,217,728
(2%7) bytes Any packetthat requires more than 524,288 bytes may generate multiple
packets by utilizing the packet sequemounterSome packet types allow a single data
set to span multiple packets if the data set size or time does not fall under packet
maximums The specific mechanism allowing packet data spanning for each data type is
described within that data tygsesetion.

Table 11-3. Packet Requirements

Packet Type Required Maximum Packet Size
ComputerGenerated Data Packet, Format | Yes 134,217,728 bytes
Setup Record
Time Data Packet Yes 524,288 bytes
All other data type packets with the excepti{ No 524,288 bytes

of ComputerGenerated Data Packet, Form:
1 setuprecord,time datapackes, and
ComputerGenerated Data Packet, Format !
recordingindex ootindex)
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Table 11-3. Packet Requirements

ComputerGenerated Data Packet, Format | Yes, ifrecordng 524,288 bytes
recordingindex ¢ootindex) events arenabled
No, if recordng
events aralisabled.

d. (Reserved)

e. All packets that are generated shall conthata Filler only, idle (as defined bynedium
or interface)only, or empty packets shall not be allowed.

f. All reserved biffields in packet headers G@SDWs shall be set to zero (0x0).
g. (Reserved)

h. Once version bits and packet structure bits have been used to indicate a vatirgyor se
for each data type and its associated channel, they shall not change for that data type and
its associated channel within tbperational session (e,gecording)

11.2.1.1 Packet HeadeWNersion 1

The length of the packet header is fixed at 24 bytesl§itSR The packetheadelis
mandatory and shall consist of ten fields, positioned contgjyals shown imablel11-2 and
defined below

a. Packet Sync Patterthese2 bytes contain a static sync value for every packbe
packetsync pattern value shall be OXEB25.

b. Channel ID These2 bytes contain a value pgesenting th@acketchannelD. All
channels in a system must have a unicfumnnelD for each data source.

(1) Multiplexer Source IDIn a distributednultiplexersystem, anultiplexersourcelD
is used to discern each multiplexer in the sysiEme setup recordshall contain a
ANumber of Source Bitsrecorder attribute (R\NSB) to specify the number of
msks (from thechannelD) that distinguish thenultiplexersourcelD. The
remaininglsbs of thechannelD field shall be thehannellD for each data source
acquired by the multiplexer.

(2) Reserved Channel Iizhannel ID 0x0000 is reserved, aamlof 10617 is used to
insertonly the @mputerGeneratedata Packet, Format 1 setup recorafsthe
ComputerGenerated Data Packet, Formattrle&ming Configuration recordisto
the composite data stream.

(3) Available Channel IDsAIl values not comprising the reserveldannellD are
available As of 10613, when ComputeGenerated Data Packet, Formats,@&ritl
3 reside in a channel with ID OXxO0QkFFFF, only one packet type shall exist per
channel ID

c. Packet LengthThese4 bytes contain 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) This packetlengthincludes thepacketheaderpacketseconary header(if
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enabled)channelspecific data,intrapacketheades (IPHs), data,filler, anddata
checlsum.

d. Data LengthThese4 bytes contain a value representing the valid data length within the
packet This value shall be represented in bytéslid data length includeshannel
specificdatg IPDHSs, intra-packettime stamgs) (IPTS), anddatabut does not include

packettrailerfiller anddatachecksum.

e. Data Type VersionThis bytecontains a vale at or below the release versioritod

standard applied to the data typeJable11-4. The value shall be represented by the

following bit patterns

SE

Note: References to RCC 104 through RCC 1085 refer to Chapter 10, while RCC
106-17 onward refer to Chapter 11.

0x00= Reserved

0x01= Initial Release Range Commanders CoundiCC 106-04)

0x02=RCC106-05
0x03=RCC10607
0x04=RCC106-09
0x05=RCC10611
0x06=RCC 10613
0x07 = RCC 104l5
0x08 = RCC 1047
0x09 = RCC 16-19
O0x0A = RCC 10622

0x0B throughOxFF= Reserved

Table 11-4. Data Type Names andescriptions
Packet Current
Header Data Type
Value Data Type Name Data Type Description | Version
0x00 ComputerGenerated Data, Format 0| UserDefined 0x06
0x01 ComputerGenerated Data, Format 1| Setup Record 0x09
0x02 ComputerGenerated Data, Format 2| Recording Events 0x06
0x03 ComputerGenerated Data, Format 3| Recording Index 0x06
Streaming Configuration
0x04 ComputerGenerated Data, Format 4] Records 0x08
ComputerGenerated Data, Format 5
0x0571 0x07 | Format 7 Reserved for future use 0x06
0x08 PCM Data, Format 0 Reserved for future use 0x06
0x09 PCM Data, Format 1 Chapter 47,0r8 0x06
Ox0A PCM Data, Format 2 DQE PCM Ox0A
0x0B - OXOF | PCM Data, Formas - Format 7 Reserved for future use 0x06
0x10 Time Data, Format O Reserved fofuture use 0x06
RCC/Global Positioning
System(GP9/Relative
0x11 Time Data, Format 1 Time CounterRTC) 0x06

11-6
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Table 11-4. Data Type Names andescriptions

Packet Current
Header Data Type
Value Data Type Name Data Type Description | Version
0x12 Time Data, Format 2 Network Time 0x08
0x13-0x17 Time Data, Format-Format 7 Reserved for future use 0x06
0x18 MIL -STD-1553 DataFormat O Reserved for future use 0x06
0x19 MIL -STD-1553 Data, Format 1 MIL -STD-1553B Data 0x06
Ox1A MIL -STD-1553 Data, Format 2 16PP194 Bus 0x06
MIL -STD-1553 Data, Format-3
0x1B-Ox1F | Format 7 Reserved for future use 0x06
0x20 Analog Data, Format O Reserved for future use 0x06
0x21 Analog Data, Format 1 Analog Data 0x06
0x23 Analog Data, Format 2 Reserved for future use O0x0A
In-phase and quadrature
(I/Q) recording of
intermediate frequency
0x24 Analog Data, Format 3 (IF) O0x0A
0x250x27 | Analog Data, Format-Format 7 Reserved for future use 0x06
0x28 Discrete Data, Format O Reserved for future use 0x06
0x29 Discrete Data, Format 1 Discrete Data 0x06
0x2A-0x2F | Discrete Data, FormatRormat 7 Reserved for future use 0x06
0x30 Message Data, Format O Generic Message Data 0x06
0x31-0x37 Message Data, FormatFormat 7 Reserved for future use 0x06
0x38 ARINC-429 Data, Format O ARINC-429 Data 0x06
0x39 Ox3F | ARINC-429 Data, Format-Eormat 7 | Reserved for future use 0x06
0x40 Video Data, Format (Legacy) MPEG-2 Ox0A
0x41 Video Data, Format {Deprecated) | (Use Video Format 2) 0x0A
0x42 Video Data, Format 2 MPEG-2/H.264 Video Ox0A
0x43 Video Data, Format 8Deprecated) | MIJPEG 0x0A
0x44 Video Data, Format 4 MJPEG2000 0x07
0x45-0x47 Video Data, Format-Bormat 7 Reserved for future use 0x06
0x48 Image Data, Format O Image Data 0x06
0x49 Image Data, Format 1 Still Imagery 0x06
Ox4A- Image Data, Format 2 Dynamic Imagery 0x06
0x4B-0x4F | Image Data, FormatBormat 7 Reserved for future use 0x06
0x50 UART Data, Format O UART Data 0x06
0x51-0x57 UART Data, Format Format 7 Reserved for future use 0x06
0x58 IEEE 1394 Data, Format O IEEE 1394 Transaction 0x06
IEEE 1394Physical
0x59 IEEE 1394 Data, Format 1 Layer 0x06
Ox5A-0x5F | IEEE 1394 Data, Format-Eormat 7 | Reserved for future use 0x06
0x60 Parallel Data, Format O Parallel Data 0x06
0x61-0x67 Parallel Data, Format-Eormat 7 Reserved for future use 0x06

11-7
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Table 11-4. Data Type Names andescriptions

Packet Current

Header Data Type

Value Data Type Name Data Type Description | Version
0x68 Ethernet Data, Format O Ethernet Data 0x07
0x69 Ethernet Data, Format 1 Ethernet UDP Payload 0x06
Ox6A-0x6F | Ethernet Data, FormatRormat 7 Reserved for future use 0x06
0x70 TSPI/CTS Data, Format O GPS NMEARTCM 0x06
0Ox71 TSPI/CTS Data, Format 1 EAG ACMI 0x06
0x72 TSPI/CTS Data, Format 2 ACTTS 0x06
Ox73 0x77 | TSPI/CTS Data, FormatBormat 7 Reserved for future use 0x06
0x78 Controller Area Network Bus CAN Bus 0x06
0x79 Fibre Channel Data, Format O Fibre Channel Data 0x07
Ox7A Fibre Channel Data, Format 1 Fibre Channel Data 0x08
0x7B71 0x80 | Fibre Clannel Data, Forma7 Reserved for futurase 0x08

f. Sequence Numbefhis bytecontains a value representing the packet sequence number

for eachchannellD. This is simply a counter that increments by n + 0x01 to OxFF for

every packet transferred from a particular channel and is not required to start at 0x00 for

the first occurrencef a packet for thehannellD.

N OT‘E/

The £quence number counter value for each
channel in aession (e.grecording)will repeat

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

g. Packet FlagsThis byte contains bits representing information on the content and format

N OTV

Eachchannein asessiorshall have its
own sequence counter providing a uniqu
sequence numbéor that channel.

of the packet(s).

Bit 7: Indicates the presence or absence optuketseconary header

Bit 6: Indicates thelPTStime source

0 =Packetheaded8-bit RTC.
1 =Packetseconary header timgbit 7 must be 1).

Bit 5: RTC syncerror.

0 =No RTCsync error.
1 =RTCsync error has occurred.

Bit 4: Indicates thalataoverflow error.

11-8

0 =Packetseconary headeiis not present.
1 =Packetsecondry headelis present.
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0 =No dataoverflow.
1 =Data overflow has occurred.

condition was detectdaefore or during the creation of this packée.

NOTV The assertion of the overflow flag, bit 4, indicates that an overflow
An overflow condition may or may not indicate a loss of payload dat

Bits 3-2: Indicate thgpacketsecondry headetime format

00 =Chapter dinary weighted 4®it time format The twolsbs of the 64bit
packet secataryheader timandIPTSshall bezerofilled.

01 =IEEE 1588time format The packet secataryheaderitne and eachPTS
shall contain a 64it timestamp represent@daccordance withIAW) the
time represetationtype as specified by IEEE STD 158808.! The 32
bits indicating seconds shall be placed intoNt®&_W portion of the
secondary header and the 32 bits indicating nanoseconds shall be placed
into theLSLW portion.

10 =64-bit binaryextendedrelativetime counter (ERTC) with dnanosecond
resolution The counter shall be derived from a fire@ning tgigahertz
(GH2) clock- similar to the RTC described belovjust with higher
resolution When this option is used, ti®megahertzNiHz) RTC shall
be synchronized with the ERTC (RTC = ERTQD).

11 =Reserved

Bits 1-0: Indicatedata cheksumexistence.

00 =No data checksum present
01 =8-bit data checksum present
10 =16-bit data checksum present
11 =32-bit data checksum present

h. Data Type This byte contains a value representing the type and format of theAlata
values not used to define a data type are reserved for future data type fei¢h1-4
lists the data types and their descriptions.

i. Relative Time CounteiThese6 bytes contain a value representing ftieMHz RTC.
This is a freeerunning10-MHz binary counter represented by 48 bitatare common to
all data channeld he counter shbbe derived from 40-MHz internal crystal oscillator
and shall remain fremunning during eackession (e.grecording)

secondary time value shall correspond to the first dih@fata in

NOTV If enabled, the applicable data bit of thebiBvalue of the packet
the packet bodyunless it is defined in each data type section).

! Institute of Electrical and Electronics Engine¢EEE standard for a precision clock synchronization protocol for
networked measurement and control systéBESE 188-2008 Geneva: International Electrotechnical Commission,
2008
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j. Header ChecksunThese2 bytes contain a value representing aliBarithmetic sum of
all 16-bit words in the header excluding theadeicheclsumword.

11.2.1.2 Packet Secondary Header (Option&rsion 1

The length of th@packet secastaryheadels fixed at 12 bytes (96 bitsyhe packet
secomaryheadeis optional and when enabled shall consist of the three fields, positioned
contiguausly, in the following sequence.

a. Time. These8 bytes contain the value representiimge in the format indicated by bits 2
and 3 of thepacketflags in Subgction11.2.1.litemg. The secondary header can be
enabled on a channby-channel basis but all channéisthave a secondary header must
usethesame time source in bits2of the packet flags.

secondary time valu@f enabled applies shall correspond to
the first bit of the data in the packet body (unless it is define
each data type section).

NOT? The applical® data bit to which the 48it value of the packet

WhenChapter dinary weighted time is usetime shall be stored as shownfigure

11-4.
msb Isb
31 16 15 0
Micro-Seconds Word Reserved
High Order Time Word Low Order Time Word

Figurell-4. Secondary Header Chapter 4 Time

WhenlIEEE 1588 time is used time shak btored as shown iRigure11-5.

msb Isb
31 0
Nanofconds Word

Seconds Word

Figurell-5. Secondary Header IEEE 1588 Time

When ERTC time is used time shall stered as shown iRigure11-6.

msb Isb
31 0
LSLW
MSLW

Figurell-6. Secondary Header ERTC Time

b. ReservedThese2 bytes are reserved and shall be zero filled.

c. Secondary Header Checksuhmese? bytes contain a value representing akit
arithmetic sum of albecondry headeibytes excluding theeconary header chdsum
word.

11-10
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11.2.1.3 Packet BodyVersion 1

The format othe data in the packet body is unique to each databgiailed
descriptions of the typspecific data formats found in packet bodies are described in subsequent
sections of this document.

a. ChannelSpecificData Variable insize, thiscontains the contés of thechannelspecific
datafield(s) depending on the Data Type field in gaeketheaderChannelspecificdata
is mandatory for each data type and chanrtet occurrence afhannelspecificdatais
once per packet and precedes packet channel data.

b. Intra-Packet Time Stam@heseB bytes containtimein either 48bit RTC format (plus
16 highorder zero bits) or 6bit format as specified in theacketflags in thepacket
headerThelPTSs are only mandatory where defined by the data formats

c. Intra-Packet Data Headevariablein size, thiscontains additionaime status data,
andor format information pertaining to the data items that folldve IPDHs are only
mandatory where defined by the data formats.

d. Data With n bytes, thiscontains vad data from a particular channel as defined within
the data formats contained within this standard.

may only have éimestamp(zerclengthdata headéy while inother cases,
thelPH only has adata headefzeralengthtimestamp. Some data types hay
no IPH. ThelPH requirements are specified separately for emtHype

NOT? ThelPTSand thePDH are collectively called th#°H. In some cases, dRH

state for the entirsession (e.grecoding) per

N()Ty ThelPDH presence, once set, shall be the sg
each channel

11.2.1.4 Packet TrailerVersion 1

The packet trailer may contain filler, a data checksum, both filler and a data checksum, or
neither filler nor a data checksuin the latter case, the packet trailer has zero lefigi reason
apacket trailer would have a zero length is best explained by understanding the reason for
inserting filler The purpose of the filler is twofold:

a. To keep all packets aligned on-BR boundaries (i.e., make all packet lengths a multiple
of 4 bytes) and

b. Tooptionally keep all packets from a particular channel the same length.

If both of the above requirements are already met without adding filler, then filler shall
not be added.

The inclusion of the data checksum is optional as well and is indicated padketflags
setting When included, the packet trailer contains either-ait,8L6-bit, or 32bit data
checlsum Depending on thpacketflags option selected, theatacheclsum is the arithmetic
sum of all of the bytes (8 bits), words (&s), or longwords (32bits) in the packet excluding
the 24 bytes gpacketheaderpacketsecondry heade((if enabled) and thedatacheclsum
Stated another wajhedatachecksum includes everything in the packet body plus all added
filler.

11-11
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a. Filler. Variablein size, d filler shall be set to 0x00 or OxFF.

b. 8-Bit Data Checksumirhis 1 bytecontains a value representing ahiBarithmetic sum
of the bytes in the packdt is only inserted ifthe packetflag bits are set (seBubsection
11.2.1.%itemQ).

c. 16-Bit Data Checksumrhese2 bytes contain a value representing alii6 arithmetic
sum of the words in the packéitis only inserted ifthe packetflag bits are set
(Subsectioril.2.1.litemg).

d. 32-Bit Data Checksumrhese4 bytes contain a value representing at8Rarithmetic
sum of the long words in the packet and is ondeited ifpacketflag bits are set
(Subsectioril1.2.1.litemg).

11.2.1.5 Version 2 Packet Header (Proposed)

This will be a version 2 header. The current header will contir

NOTV The next release of thatandard will document a new header.
to be supported and maintained.

11.2.2 PCM Data Packets

11.2.2.1 PCM Data Packets Format O
Reserved.

11.2.2.2 PCM Data Packets Format 1 (Chapter 4 and Chapter 8)

A packet withChapter 4or Chapter CM data has the basic structure as showrabie
11-5. Note that the width of the structure is not related to any number oThitstable merely
represents relative placement of data in the packet.

Table 11-5. General PCM Data Packet, Format 1

Packet Header
ChannelSpecificData
(Optional) IntraPacket Time Stamp
(Optional) IntraPacket Data Header
Minor Frame Data
(Optional) IntraPacket Time Stamp
(Optional) IntraPacket Datddeader
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

11-12
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(Optional) IntraPacket Data Header
Minor Frame Data
Packet Trailer

The user may separately enable or disable word unpacking on each active PCM channel
Word unpacking will force thisb of each word to be aligned on a-&is boundaryHigh-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 @hroughputmode that willtransfer data to the packet without frame
synchronizationThroughpuimodeessentially disables all setup and packing/unpacking options
for the packet, and places data in the packet as it is received.

a. PCM Packet Channépecific DataThe packet body padn of each PCM packet begins
with the channespecific data, which is formatted as showtrigure11-7.

msb Isb
31 30 29 28 27 24 23 18 17 0
R [IPH [MA [MI [LOCKST | MODE | SYNCOFFSET
Figurell-7. Pulse Code Modulation PackéhannelSpecific Data
Format

M ReservedBit 31 is reserved.

Intra-Packet HeadeBit 30 indicates ilPHs (PTSandIPDH) are inserted before
each minor framerhe IPHs are only optional because of the mode selecTibis
determines whethdPHs are includd or omitted.

0= The IPHs are omitted fothroughput mode
1=The IPHs are required fgpacked datandunpacked dateodes.

1 Major Frame Indicator (MA)BIt 29 indicates if the first word in the packet is the
beginning of a major fram@&his bit is rot applicablefor throughput mode

0 = The frst word is not the beginning of a major frame.
1 = The frst word is the beginning of a major frame.

1 Minor Frame Indicator (MI)Bit 28 indicates if the first word in the packet is the
beginning of a minor fram This bit is rot applicablefor throughput mode

0 = The frst word is not the beginning of a minor frame.
1 = The frst word is the beginning of a minor frame.

1 Lock Status (LOCKST)Bits 27-24 indicate the lock status of the frame synchronizer
This bitis not applicablefor throughput mode

time sequence from the beginning of a minor frame synchronization pat
to the beginning of the next minor frarsgnchronization patterflease refe
to Chapter 4Subsectiort.3.2for minor/major frame definition.

NOTV Minor Frame Definition The minor frame is defined as the data structure

Bits 27-26: Indicateminor frame status

11-13
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00= Reserved.

01=Reserved.

10 = Minor frame checKafter losingock).
11 = Minor frame lock

Bits 25-24: Indicatemajor frame status

00= Major frame not lockd.
01=Reserved.

10 = Major frame checKafter losinglock).
11 = Major frame lock

1 Mode (MODE) Bits 23-18 indicate the data packing mode.
Bits 2322: Reserved.
Bit 21: Alignment Mode.

0 = 16-bit alignmentmodeenabled.
1 = 32-hit alignmentmode enabled.

Bit 20: Indicatesthroughput data ode.

0 = Throughputdata modeot enabled.
1 = Throughputdata modenabled.

Bit 19: Indicatespacked data ode.

0 = Packeddata modaiot enabled.
1 = Packeddata modenabled.

Bit 18: Indicatesunpacked data ade.

0 = Unpackeddata modeaot enabled.
1 = Unpackeddata mode=nabled.

1 Sync Offse{ SYNCOFFSET)Bits 17-0 contain an 1®it binary value representing
theword offset into the major frame for the first data word in the padiket sync
offset is ot applicablefor packedor throughput mode

b. PCM Packet BodyAfter thechannelspecific dag, thelPHs and the PCM data are
inserted in the packet in integral numbers of minor or major frames unless the packet is in
throughput moddn throughput modgthere is no frame or word alignment to the packet
data and ndéPHs are inserted in the data bothpackedandunpacked modg minor
frame alignment is dependent on the MODE field indih@nnelspecific dataln 16-bit
aignmentmode PCM minor frames begin and end onrtitboundariesin 32-bit
aignmentmode PCM minor frames begin and end 3#ibit boundariesin either case,
aignmentmodedoes not affect the format of PCM data words themsghmsever,
depending on perspective, word order is affected and ailecbdata word may be
required to maintain alignment.

c. PCM Data in Unpacked MadIn unpacked modepacking 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 1ébit boundary in the packeftor example, 4 pad bits are added tebit2
words, 6 pad bits aradded to 1:Bit words, etcin 32-bit alignmentmode a zerdfilled

11-14
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16-bit word is required to maintain alignment when an odd number-bftMBords exist
in the minor frame.

Minor frame sync patterns larger than 16 bits are divided into two wordslkdtpdata

If the sync pattern has an even number of bits, then it will be divided in half and placed in
two packet wordgFor example, a 2bit sync pattern is broken intavo 12-bit words

with 4 bits of pad in each worlf the sync pattern has an odd number of bits, it is broken
into two words with the second word having one bit more of the sync paern

example, if the minor sync pattern is 25 bits, then the first symd 18 12bits of sync

pattern plus its of pad, and the second sync word is 13 bits of sync pattern plus 3 bits
of pad.

Minor frame sync patterns larger than 32 bits are divided mbmBer of bits+15)16
words in 16bit aignmentmodeor (humber of bis+31)32 in 32bit aignmentmode If

the sync word doegnfill the words completely, 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 wond® two words) For example, a 3bit sync
word shall be split into 11+12+13t words in 16bit alignmentmode or into17+18bit
words in 32bit dignmentmode

Given PCM frames with a 2dit minor sync pattern anadata words where the bit
lengths ofdata words 1, 2, and 3 are 12, 16, and 8 respectively, the resuHaint 16
alignment mod€CM packets are as shownTiable11-6. Given PCM frames wit a 24

bit minor sync pattern amddata words where the Higngths of data words 1, 2, 3, and 4
are 12, 16, 8, and 10 respectively, the resultariiB2lignment mode PCM packets are
as shown imable11-7.

Table 11-6. PCM Data-Unpacked (16-Bit Alignment
Mode) Sample Packet

msb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Intra-Packet Time Stamp (Bits 10

Intra-Packet Time Stamp (Bits 31I6)

Intra-Packet Time Stamp (Bits 432)

Intra-Packet Time Stamp (Bits 68)

Intra-Packet Data Header (Bits-05

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 | 8Bits Word 3 Data

Word N Data Bits + Paif Needed
Intra-Packet Time Stamp (Bits 1B
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Intra-Packet Time Stamp (Bits 31I6)
Intra-Packet TimeStamp (Bits 4732)
Intra-Packet Time Stamp (Bits 683)
Intra-Packet Data Header (Bits-0§

Repeat for each minor frame

Packet Trailer

Table 11-7. PCM Data-Unpacked (32Bit Alignment
Mode) Sample Packet

msb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Intra-Packet Time Stamp (Bits 15

Intra-Packet Time Stamp (Bits 31I6)

Intra-Packet Time Stamp (Bits 432)

Intra-Packet Time Stamp (Bits 683)

Intra-Packet Data Header (Bits-1H

Intra-Packet Data Header (Bits-356)

4 Bits Pad 12 Bits Sync (Bits 110)
4 Bits Pad 12 Bits Sync (Bits 2312)
16 Bits Word 2 Data

4 Bits Pad 12 Bits Word 1 Data

6 Bits Pad 10 Bits Word 4 Data

8 Bits Pad | 8 Bits Word 3 Data

Word N Data Bits + Pad If Needed
Intra-Packet Time Stamp (Bits 10
Intra-Packet Time Stamp (Bits 31I6)
Intra-Packet Time Stamp (Bits 432)
Intra-Packet Time Stamp (Bits 68)
Intra-Packet Data Header (Bits-05
Intra-Packet Data Header (Bits-36)

Repeat for each minor frame

Packet Trailer

d. PCM Data in Packed Mod& packed modepacking is enabled and pad is not added to
each data worchowever filler bits may be required to maintain minor frame alignment
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The number of filler bits is dependent on Hignmentmode where N is either 16 or 32

If the number of bits in the minor frame is not an integer multiple of N, thpadbits

will be addel to the end of each minor frame of bit lengtlEither Y= N1 MOD(L,N),

or N minus the integer remainder when L is divided byn\pbacked mode, the PCM
stream is mineframe synchronized so the first data bit in the packet is the first data bit
of aminor framelf X =NT Y when N is 16bit aignmentmode then the resultant PCM
packets are as shownTiable11-8. Table11-9 shows the resultant PCM packets for 32
bit aignmentmode

Table 11-8. PCM Data-Packed (16Bit Alignment Mode)
Sample Packet

msb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Intra-Packet Time Stamp (Bits 15

Intra-Packet Time Stamp (Bits 31I6)

Intra-Packet Time Stamp (Bits 432)

Intra-Packet Time Stamp (Bi83-48)

Intra-Packet Data Header (Bits-1H
Data (Bits 150)
Data (Bits 3116)
Data (Bits 4732)

Y Filler Bits | X Data Bits
Intra-Packet Time Stamp (Bits 10
Intra-Packet Time Stamp (Bits 31I6)
Intra-Packet Time Stamp (Bits 432)
Intra-Packet Time Stamp (Bits 683)
Intra-Packet Data Header (Bits-0H

Repeat for each minor frame

Packet Trailer

Table 11-9. PCM Data-Packed (32Bit Alignment Mode)
Sample Packet

mshb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)
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Intra-Packet Time Stamp (Bits 10
Intra-Packet Time Stamp (Bits 31I6)
Intra-Packet Time Stamp (Bits 432)
Intra-Packet Time Stamp (Bits 68)
Intra-Packet Data Header (Bits -1
Intra-Packet Data Header (Bits-3B)

Data Word 2

Data Word 1

Data Word 4

Data Word 3

Filler Bits | X Data Bits

16 Filler Bits(If Requiredto Maintain 32Bit Alignment)
Intra-Packet Time Stamp (BitE5-0)
Intra-Packet Time Stamp (Bits 31I6)
Intra-Packet Time Stamp (Bits 432)
Intra-Packet Time Stamp (Bits 68)
Intra-Packet Data Header (Bits-0H
Intra-Packet Data Header (Bits-356)

Repeat for each minor frame

PackefTrailer

e. PCM Data in Throughput Modé throughput modethe PCM data are not frame
synchronized so the first data bit in the packet can be any bit in the major Tizene
resultant PCM packets are as showiidblel1-10andTablel11-11.

Table 11-10. PCM Data-Throughput (16-Bit Alignment
Mode) Sample Packet

msb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)
Data (Bits 150)
Data (Bits 3116)
Data (Bits 4732)

Packet Trailer
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Table 11-11. PCM Data-Throughput (32-Bit Alignment
Mode) Sample Packet

msb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

PCM Stream Bits 1732

PCM Stream Bits 116

PCM Stream Bits 4%4

PCM Stream Bits 3318

Packet Trailer

PCM Data Word Order in 3Bit Alignment Mode Whenacquitting datan 32-bit
aignmentmode the resultant data word ordering will diffeom 16-bit alignmentmode
The serial PCM data stream is shifted inteb®2wvords from right to left, with bit 31 on
the left, bit 0 on the right, and addresses ascending from top to buana order is
affected depending on the reafeaddressing pspective For example, 1bit data
words when addressed ast@2words appear in order when read from left to right and
top to bottom howeverwhen addressed as-b& words, each pair of data words will
appear swappeérigure11-8 andFigure11-9 depict the anomaly of perspective.

msb Isb | Address
31 16 15 0

Byte3 |Byte?2 Bytel |[ByteO

Data Word 1 Data Word 2 0

Data Word 3 Data Word 4 1

Data Word N 1 | Data Word N [ (N/2) 1

Figurel1l-8. 32-Bit Alignment Mode Example, 18it DataWords (32
Bit Word Addressing)

msb Isb | Address
15 0
Byte 1 | Byte 0

Data Word 2

Data Word 1

Data Word 4

Data Word 3

TIWIN|IFP O

Data Word N 1 Ni 1
Figurel1-9. 32-Bit Alignment Mode Exampl€l6-Bit Data Words (16
Bit Word Addressing)
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g. PCM IntraPacket HeadeWhenacquiring datan packedor unpackednode, all PCM
minor frames shall include dRH containing a 64it IPTSand a 16or 32bit IPDH, as
indicated by MODE in thehannelspecific dataThis header is inserted immediately
before the minor frame sync patteDepending oralignmentmode the length of the
IPH is either 10 or 12 bytes (80 or 96 bits) positioned contiguously, as depi¢tepiie
11-10. In 16-bit dignmentmode thelPDH length is fixed at 2 byteé\ 32-bit alignment
moderequires a 4byte IPDH, and the two most signiant bytes are zetfilled.

msb Isb
31 16 15 12 11 0
Time (LSLW)

Time (MSLW)

Zero Filled | LOCKST | RESERVED

Figure11-10. Pulse Code Modulation Intfaacket Header

1 Intra-Packet Time Stamf hese8 bytesindicate the time tag of the PCM minor
frame This time stamp is not applicalfie throughput mode~irstlong word bis
andsecond long word Istindicate the following values:

0 The 48bit RTCthat corresponds to the first data bit of the minor frame with
bits 31 to 16 in the second long word zéted; or

o0 Absolutetime, if enabled by bit 6 in thpacket flgys (Subsectioril.2.1.litem
a). The ime formatis indicated by bits 2 and 3 in tipacket flgs (Subsection
11.2.1.1item Q). The time tag shall be correlated to the first data bit of the
minor frame.

1 Intra-Packet Data Header
o 32-Bit Alignment (32Bit AlignmentmodeONLY). Bits 31-16 are zerdilled.

0 Lock Status (LOCKST)Bits 1512 indicate the lock status of the frame
synchronizer for each minor frame.

0 Bits 1514: Indicatesminor frame status

00=Re=rved

01=Reserved

10 = Minor frame checKafter losinglock)
11 = Minor frame lock

o0 Bits 1312: Indicatesmajor frame status

00 = Major frame not lockd
01=Reserved

10 = Major frame checKafter losinglock)
11 = Major frame lock

0 ReservedBits 11-0 are reserved.
11.2.2.3 PCM Data Packets Format 2 (DQE)

A PCM Data Packeformat 2 provides a known method of capturingughputPCM
(Chapter 4, 7or 8) with insertedData Quality Encapsulation (DQE). The bastizicture $
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shown inTable11-12. 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.

Table 11-12. General PCM Data Packet, Format 2

Packet Header
ChannelSpecific Data Word
DQE Header
DQM PCM Payload

DQE Header
DQM PCM Payload

DQE Header
DQM PCM Payload
Packet Trailer

The telemetry receivAtemodulator determines and inserts the DQE protocol IAW
Chapter 2 Appendix 2G.

a. PCM DataPacket Format 2ChannelSpecific DataThe packet body portion of each
PCMpacket begins with the chanrsgecific data, which is formatted as showifrigure
11-11.

msb Isb

31 26] 25 |24 [23 20] 19 16 15
RESERVED | A | STC| LDPCB LDPCR DQE PAYLOAD SIZE

Figurell-11. DQE PCM ChanneS$pecific Data, Format 2

1 RESERVED Bits 3126 are reserved.
1 A. Bit 25 indicates alignment mode.
% 07 16-bit alignment mode enabled
171 32-bit alignment mode enabled
1 STC Bit 24 indicatehapter 2 Space Time Code (STC) enabled/disabled

071 STC Disabled
17 STC Enabled

1 LDPC-B. Bits 2320 indicateChapter 2 LDPC block size.

="Edit = 00007 LDPC Disabled
A 00017 1024
00107 4096

0012311117 Reserved
1 LDPC-R. Bits 1916 indicateChaper 2 Low Density Parity Check (LDPCdde rate.

000071 LDPC Disabled
00017 Code Rate 1/2
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00107 Code Rate 2/3
00117 Code Rate 4/5
010011117 Reserved

1 DQE PAYLOAD SIZE Bits 15-0 contain a @-bit binary value representinipe DQE
payloa size IAWChapter 2The payload size is in bit§024 minimum/16,384
maximum Payload size can be any multiple of 32 bits between the minimum and
maximum sizes.

b. PCM DataPackes$, Format 2Body. After thechannelspecific data, the PCNAQE data
are inserted in the pack&W Chapter Zollowed by a packet trailer

c. Data AlignmentThe DQE dat@ontains a 24bit header followed by a payload of 1624
16,384 bits. The payload length is always divisible by 32 bits; therefore, the DQE data
will always be aligned to a 6it boundary, but never on a-8& value as shown in
Table 1113, For 32bit alignment mode only, 16 bits of padding shall be inserted prior to
the start of the DQE data as showTable 1214 The padding bits

Table 11-:13. Data (16Bit Alignment Mode) Sample

Packet, Format 2

msb Isb
15 0
Packet Header

ChannelSpecific Data (Bitd5-0)

ChannelSpecific Data (Bits 31.6)
DQE Sync WordBits 150)
DQE RSV(Bits 11-0) | DQE VER (Bits 30)
DQE DQM (Bits 15-0)
DQE Payload (Bits 1B)
DQE Payload (Bit81-16)

DQE Sync Word (Bits 1®)

DQE RSV (Bits11-0) | DQE VER (Bits3-0)
DQE DQM (Bits15-0)

DQE Payload (Bit45-0)

DQE Payload (Bits 316)

Repeat for Each DQE data #Afran

Packet Trailer
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Table 11-14. PCM Data (32Bit Alignment Mode)
Sample Packet, Format 2

msb Isb

15 0
Packet Header
ChannelSpecific Data (Bits 1®)
ChannelSpecific Data (Bits 31.6)
DQE Sync Word (Bits 1®)
32-bit Alignment Padding (Bits 1b)
DQE DQM (Bits 150)
DQE RSV (Bits 110) | DQE VER (Bits 30)
DQE Payload (Bits 316)
DQE Payload (Bit45-0)
DQE Payload (Bit$3-48)
DQE Payload (Bitgl 7-32)

DQE Sync Word (Bits 1®)

32-bit Alignment Padding (Bits 1B)

DQE DQM (Bits 150)

DQE RSV (Bits 110) | DQE VER (Bits 30)
DQE Payload (Bits 316)

DQE Payload (Bit45-0)

DQE Payload (Bits 638)

DQE Payload (Bits 482)

Repeat for Each DQE data #Afr aft

Packet Trailer

gﬁ? d. Frame Alignment. The DQE frames are fraatigned within the PCM Format 2 packets.

11.2.3 Time Data Packets

11.2.3.1 Time Data Packets, FormatReserved.

11.2.3.2 Time Data Rckets, Format 1 (IRIG/GPS/RTC)
Time is treated like another data chanifed time source other tha#fONE is used
(Figure11-12), the time packet will be generated at a minimum frequencyheftk

msb Isb
31 16 15 12 11 8 7 4 3 0
Reserved | ITS | DATE | FMT | SRC

Figurell-12. Time Packet Channé&pecific Data Format

11-23
DISTRIBUTION A: APPROVED FOR PUBLIC RELEASE



Telemetry Standards, IRIG Standdi@6-22, Chapter 1, May 2022

1 Inter-Range Instrumentation Group (IRIG) Time Type Formaite 10-MHz RTC
shall be captured for insertion into tti@e packet datheader IAW IRIG 206

1 Al Non-IRIG Time Type FormatsThe10-MHz RTC shall be captured for insertion
into thetime packetlataheader consistent with the resolution with tinee packet
bodyformat (10milliseconds ng as measured by tH&®-MHz RTC).

NOTV A time datapacket shall be the first dynamic data packet at the <

of eachsessionOnly static ComputeGenerated Datd;ormat 1
packets may precede the fitishe datapacket.

onetime datapacket is required IAW the

NOTV If the time datapacketsource is None, at leas
previousnote

A packet with time data has the basic structure showialime11-15. Note that the width
of the structure is not related to any number of Bitss drawing is merely to represent relative
placement of data in the pack&me packes do not havéPHs.

Table 11-15. General Time Data Packet, Format 1

Packet Header
ChannelSpecificData
Time Data

Packet Trailer

a. Time Packet Channépecific DataThepacket bodyortion of eachime data packet
begins with &2SDWformatted as shown iRigurel11-12.

1 ReservedBits 31-16 are reserved.

1 IRIG Time Source (ITS)Bits 1512 provide dynamic information regarding the
source otime for an internal IRIG timeadegenerato(TCG) when FMT is IRIGA,
B, or G. ThelTS bits can toggle depending upon quality/validity of sources.

0000 = IRIG TCG freewheeling (no or loss of time source)

0001 = IRIG TCG freewheeling from .TIME command

0010 = IRIG TCG freewheeling from RMM time

0011 = IRIG TCdocked to external IRIG time signal

0100 = IRIG TCG locked to external GPS

0101 = IRIG TCG locked to externidletwork Time ProtocolNTP)

0110 = IRIG TCG locked to externgtecision Time ProtocoP(TP

0111 = IRIG TCG locked to external embedded time frgpat track/channel
such as PCM or MISTD-1553

10001111 = Reserved

2 Range Commanders CoundRIG Serial Time Code FormatRCC 20016. August 2016May be superseded by
update Retrievedl7 May 2021 Available athttps://www.trmc.osd.mil/wiki/x/wou8Bg
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1 Date (DATE) Bits 11-8 indicate thalateformat All bit patterns not used to define a
date format type are reserved for future growth.

o0 Bits 11-10: Reserved.
o Bit 9: Indicatesdateformat

0 = IRIG day availableHigure11-13)
1 = Month and year availabl€ifure11-14)

msb Isb

15 14 12 11 8 7 4 3 0

0O [TSn Sn Hmn Tmn

0 [0 [THn Hn 0 | TMn Mn

0 [0 [o o |o [0 |[HDn |TDn Dn
Figure11-13. Time DataPacket 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 |On TDn Dn

0 0 OYn HYn TYn Yn

Figurell-14. Time DataPacket Format, Day, Month, and Year Format

o Bit 8: Indicates if this is a leayear.

0= Not a leap year
1=Is aleap year

1 Time Format (EMT)Bits 7-4 indicate théime data packdbrmat

0x0 = IRIGB
0x1 = IRIGA
0x2=IRIG-G

0x3=RealTime Clock

0x4 = Universal Coordinated Tim&JTC) time from GPS
0x5 = Native GPS Time

0x61 OXE= Reserved

O0xF= NONE (time packet payload invalid)

1 Time Source (SRCBRits 3-0 indicate the source of the time in the payload of each
time packet.

0x0 = Internal (ime derived from a clock in theecorcer)

0x1 = External {ime derived from a clock not in thecorder)

0x2 = Internal from RMM {ime derived from the clock in the RMM)
0x371 OXE = Reserved

OxF=None
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thetime sourceshall indicate ternal (0x0)Once lock on the externaine

NOTV If the time sourcas external(Ox1) and lock on the external source is lost th
sources regainedtime sourceshall once again indicaexternal(Ox1).

b. Time Packet BodyAfter the CSDW, the time data words are inserted in the packet in
binary-codeddecimalformat as shown ifigurel1-13 andFigure11-14 (units of
measure presented Trable11-16).

Table 11-16. Units of Measure
Tmn | Tens ofms TDn Tens of days
Hmn | Hundreds ofns HDn Hundreds oflays
Sn Units of seconds On Units of months
TSn | Tens of Seconds TONn Tens ofmonths
Mn Units of minutes Yn Units ofyears
TMn | Tens of minutes TYn Tens ofyears
Hn Units of hours HYn Hundreds ofyears
THn | Tens ofhours OYn Thousands oyears
Dn Units ofdays 0 Always zero

11.2.3.3 Time Data Packets, Format 2 (Network Time)

The Format 2 Network Time packet data type is usexti@ct and encapsulate absolute
time fromNTP or IEEE1588 PTP and time tag it with the RTthe Format 2 Network Time
packet will be generated at ammum frequency of 1 hertznless it is recorded ¢he raw
network rate of the NTP or PTP frames

TheNTP is referenced in UTC time with an epoch of January 1,. I88ONTP time
includes leap seconds.

ThePTP is referenced iimternational Atomic Timeavith an epoch of January 1, 1970
The PTP time doesot include leap seconds.

of each recordingOnly static ComputeGenerated Data, Format 1

NOTV A time datapacket shall be the first dynamic data packet at the s
packets may precede the fitishe datapacket in the recording.

TheFormat 2Network Timepacket has the basic structure showmable11-17. Note
that the width of the structure is not related to any number ofTlhits drawing is merely to
represent relative placement of data in the paélketat 2 Network Tim@ackets do ndtave
IPHSs.

Table 11-17. General Time Data
Packet, Format 1

Packet Header
ChannelSpecificData
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Time Data
Packet Trailer

a. Time Packet Channépecific DataThe packet bodyortion of eachime data packet
begins with &CSDWformatted as shown iRigure11-15.

msb Isb
31 8 7 4 3 0
Reserved | NTF | TS
Figurell-15. Format 2 Network Time Packet Chamn$gecific Data
Format

1 ReservedBits 31-8 are reserved.
1 NetworkTime Format NTF). Bits 7-4 indicate théime data packdbrmat

0x0= Network Time Protocol Versiod (Request for Commeri305).
0x1=IEEE15882002
0x2 = IEEE15882008
0x31 OxF= Reserved

M Time StatugTS). Bits 3-0 indicate thestatus of the network time.

0x0= Time Not Valid
Ox1= Time Valid
0x21 OxF=Reserved

b. Time Packet BodyAfter theCSDW, the time dat#s inserted in the packas shownn
Figure11-16 for NTP andrFigurel11-17 for PTP.

msb Isb
31 0
Time Unsigned Seconds
Time Unsigned Seconds Fractions

Figurell-16. Format 2 Network Time Packet NTP TirData

msb Isb
31 0
Time Unsigned Seconds
Time Unsigned Nanoseconds

Figurell-17. Format 2 Network Time Packet PTP Time Data

11.2.4 MIL-STD-1553Packets

11.2.4.1 MIL-STD-1553 Bus Data Packets, Format O
Reserved

5l nternet Engineering Task Force. fANetwork Time Protoco
Analysis. o RFC 1305. Ma r ¢ h riekel 972May 202 shodilableaad by RFC 5905
https://datatracker.ietf.org/doc/rfc1305/
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11.2.4.2 MIL-STD-1553 Bus Data Packets, Format 1 (MBID-1553B Bus Data)

Data in theMIL -STD-1553bus formais packetized as messages, with each 1553 bus
transaction recorded as a messdg&ansaction is &dus controller BC)-to-remote terminal
(RT), RT-to-BC, or RTto-RT word sequence, starting with the command word and including all
data and status words that are part of the transaction, or a mode code word bidatigaet
messages may be encoded into the data portion of a single.packet

a. MIL-STD-1553 Packet Channélpecific DataThe packet bodyportion of each MIL
STD-1553 data packet begins wittlC&DW formatted as shown iRigure11-18.

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

Figurel1l-18. MIL-STD-1553 Packet Chann&lpecific Data Format

1 Time Tag Bits (TTB)Bits 31-30 indicate which bit of the MUISTD-1553 message
thelPH 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

ReservedBits 2924 are reserved.

Message Count (MSGCOUNTBits 23-0 indicate the binary value of the number of
messages included in the packt integral number of complete messages will be in
each packet.

b. MIL-STD-1553 Packet BodyA packet within MIL-STD-1553 messages has the basic
structure shown iifable11-18. Note that the width of the structure is not related to any
number otits. This drawing is merely intended to represent relative placement of data in
the packet.

Table 11-18. MIL -STD-1553 Data Packet, Format 1
Basic Layout

Packet Header
ChannelSpecificData
Intra-Packet Time Stamfor Message 1
Intra-Packet Data Headéor Message 1
Message 1
Intra-Packet Time Stamfor Message 2
Intra-Packet Data Head&or Message 2
Message 2

Intra-Packet Time Stamfor Message N
Intra-Packet Datddeaderfor Message N
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Message N

Packet Trailer

c. MIL-STD-1553 IntraPacket HeadeAfter thechannelspecific datathe MIL-STD-1553

data are inserted into the packet in messdggsh MIL-STD-1553 message is preceded
by anIPH consisting of adlPTSand anPDH.

(1)

(2)

MIL -STD-1553 IntraPacket Time StamdheseB bytes indicate the time tag of the
MIL -STD-1553 message as follows.

1 The 48bit RTCthat corresponds to the data bit indicated in the-&MD-
1553channelspecific dataTTBs (SubsectiorL1.2.4.2item a) with bits 31 6
16 in the second long word zefitied; or

1 Theabsolute timeif enabled by bit 6 in thpacket flgys (Subsectiori1.2.1.1
item g). The ime formatis indicated by bits 2 and 3 in tipacket flgs
(Subsectioril.2.1.litemg). The time tag shall be correlated to theadait
indicated in the MIESTD-1553channelspecific dataTTBs (Subsection
11.2.4.2item a).

MIL -STD-1553 IntraPacket Data HeadeFhe length of théPDH is fixed at 6
bytes (48 bits) positioned contiguously, in the following sequeficeie11-19).
msb Isb
15 0
Block Status Word
Gap Times Word
Length Word

Figure11-19. MIL-STD-1553 IntraPacket Data Header

1 Block Status WordBSW). Bits 15-0 contain thélock status wordor both
the message type and any 1553 bus protocol errors that occurred during the
message transfefheblock status wordbit definitions are irFigure11-20.

msb Isb
15 1413 12 11 10 9 8 65 4 3 2 0
R |BID [ME |RR |FE |TM |RESERVED |[LE |SE |WE|RESERVED

Figurel11-20. Block Status Word

1 Reserved (R)Bits 15-14 are reserved.
1 Bus ID (BID). Bit 13indicates the bus ID for the message.

0 = Message was fromhannelA
1 =Message was fromhanneB

1 Message Error (MERBIt 12 indicates a message error was
encountered.

0 =No message error
1 = Message error
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1 RT toRT Transfer (RR)Bit 11 indicates aRT to RT transfer;
message begins with two command words.

0=No RT to RT transfer
1=RT to RT transfer

1 Format Error (FE)BIt 10 indicates any illegal gap on the bus other
thanresponse timaut.

0 = No format error
1 =Format error

1 Response Time Out (TMBIit 9 indicates a response time out
occurred The bit is set if any of thetatusword(s) belonging to this
message didharrive within the response time of fiiicroseconds
(ps) defined by MIL-STD-1553B%

0 = No response time out
1 = Response time out

i ReservedBits 86 are reserved.

Word Count Error (LE)Bit 5 indicates that the number of data words
transmitted iglifferent than identified in the command woAIMIL -
STD-1553Bstatus wordvith the busy bit set to true will not cause a
word count errarA transmit command with a response timeout will
not cause avord count errar

0 = No word count error
1 =Word counterror

1 Sync Type Error (SERBIt 4 indicates an incorrect sync type occurred.

0 = No sync type error
1=Sync type error

1 Invalid Word Error (WE)Bit 3 indicates an invalid word error
occurred This includes Manchésr decoding errors in the sypattern
or word bits, invalid number of bits in the word, or parity error.

0 = No invalid word error
1 = Invalid word error

1 ReservedBits 2-0 are reserved.
NOTV Gap Timesesponse time Thegap tinesword indicatesRT response times

as defined by MIESTD-1553 Theresolution of the response time shall be
tenths ofus. A maximum of tworesponse time wosdcan existMessages of
RT-to-RT type shall have tweesponse time wosdif both terminals respond

4 Department of Defens@Aircraft Internal Time Division Command/Response Multiplex Data 8NEL -STD-
1553B. 21 Septembd978. Superseded by update 28 February 2018. Retrlgvithy 2021 Available at
https://quicksearch.dla.mil/gsDocDetails.aspx?ident_number=36973
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all other messages will have omesponse time worar none ér broadcast
type messages or messages witlRiaesponse.

1 Gap Times WordBits 150 indicate the number of tenthsjo$ in length of
the internal gaps within a single transactibar most messages, only GAP1 is
meaningful It measures the timeetween the command or data word and the
first (and only) status word in the messagar RT-to-RT messages, GAP2
measures the time between the last data word and the second stattghword
gap times word bit definitions are as shown Figure11-21.

msb Isb
15 8 7 0
GAP2 | GAP1

Figurell-21. Gap Times Word

time measurements from the i zero crossing of the parity bit @

NOTy Gap measurements shalliade IAW MIL-STD-1553 response
the last word to the midero crossing of the sync of the status wol

1 Length Word Bits 150 contain thdengthof the messagevhichis the total
numker of bytes in the message message consists of command words, data
words, and status words.

. Packet FormatJnless an error occurred, as indicated by one of the error flags in the
block status worgthe first word following théength wordshallalways e a command
word. The resultant packets have the format showhaiple11-19.

Table 11-19. MIL -STD-1553 Data Packet, Format 1

msb Isb

15 0
Packet Header
ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Intra-Packet Time Stamfor Msg 1 (Bits 150)

Intra-Packet Time Stamfor Msg 1 (Bits 3116)

IntrarPacket Time Stamfor Msg 1 (Bits 4732)

Intra-Packet Time Stamfor Msg 1 (Bits 6348)

Intra-Packet Data Head&wr Msg 1 (Bits 150)

Intra-Packet Data Head&r Msg 1 (Bits 3116)

Intra-Packet Data Head&wr Msg 1 (Bits 4732)

Command Word

Command, Statusr Data Word

Dataor Status Word

Dataor Status Word
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Intra-Packet TimeStampfor Msg 2 (Bits 150)
Intra-Packet Time Stamfor Msg 2 (Bits 3116)
Intra-Packet Time Stamfor Msg 2 (Bits 4732)
Intra-Packet Time Stamfor Msg 2 (Bits 6348)
Intra-Packet Data Headé&or Msg 2 (Bits 150)
Intra-Packet Data Head&wsr Msg 2 (Bits 3116)
Intra-Packet Data Head&wr Msg 2 (Bits 4732)

Command Word

Command, Statusr Data Word

Dataor Status Word

Dataor Status Word

Intra-Packet Time Stamfor Msg N (Bits 150)
Intra-Packet Time Stamfor Msg N (Bits 3116)
Intra-Packet Time Stamfor Msg N (Bits 4732)
Intra-Packet Time Stamfor Msg N (Bits 6348)
Intra-Packet Data Head&wr Msg N (Bits 150)
Intra-Packet Data Head&wor Msg N (Bits 3116)
Intra-Packet Data Head&wr Msg N (Bits 4732)

Command Word

Commandr Data Word

Dataor Status Word

Dataor Status Word
Packet Trailer

11.2.4.3 MIL-STD-1553 Bus Data Packets, Format 2 (Bus 16PP194 Weapons Bus Data)

This data type provides packetization fioe F-16 MIL-STD-1553 weapons multiplex
bus as defined in document 16PPBB2\ 16PP194 transaction consists of six eacibiB2vords
consisting of a 16PP134OMMAND (1), COMMAND (1) ECHO, COMMAND (2),
COMMAND (3) GO/NOGO, COMMAND (4 GO/NOGO, and STATUS as illustrated filgure
11-22. Multiple transactions may be encoded into the data portion of a giaghet.

5 Lockheed Martin Corporato n . AAdvanced Weapons Multiplex Data Bus. ¢

update. Retrieved 17 May 2024vailable to RCC members with Private Portal access at
https://www.trmc.osd.mil/wiki/X/xwTY B8}.
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(N

TX — | COMMAND (1)

(2) (4) (5)

COMMAND (2)

COMMAND (3)

GO/NO GO GO/NO GO

COMMAND (4)

3) (6)

COMMAND (1)

RX

A

ECHO STATUS

Figurell-22. 16PP194 Message Transaction

a. MIL-STD-1553 16PP194 Packet Chamglecific Data WordThe packet bodyportion

of each 16PP MIESTD-1553 data packet begins wittC&DW formatted as showim
Figure11-23. Bits 31-0 indicate the binary value of the number of messages included in
the packetAn integral number of complete transaction mgssawill be in each packet.

msb Isb
31 0
MSGCOUNT

Figurell-23. Military Standard 1553 16PP194 Packet Chai8pcific

b. MIL-STD-1553 16PP194 Packet Bady packet withn MIL -STD-1553 16PP194

Data Format

transactions has the basic structure showiralrle11-20 below. This drawing is merely
to represent relative placement of datahie packet.

Table 11-20. MIL -STD-1553 16PP194 Data Packet Basic Layout

msb
31

Isb
0

Packet Header

16PP194 ChannelSpecificData Word

Intra-Packet Time Stamp @&LW)

Intra-Packet Time Stamp (BLW)

Intra-PacketDataHeader LengtiWord

| Intra-PacketDataHeader Statug/ord

Data 1

Intra-Packet Time Stamp @&LW)

Intra-Packet Time Stamp (BLW)

Intra-Packet Datddeader LengtiWord

| Intra-Packet Dat&leader StatugVord

Data N

PACKET TRAILER
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. MIL-STD-1553 16PP194 IntrRacket Headeihe IPH consists of théPDH (LENGTH
and STATUS) and thBPTS.

1 MIL-STD-1553 16PP194 IntrRacket Data Header LENGTHhe length word
contains the length in bytes of the inpacket data.

NOT? Theintra-packet length is fixed to 0x18, 24

bytes.

1 MIL-STD-1553 16PP194 IntrRacket Data Header STATUBhe status word
contains error and special handling information about the \Aétan set to &10 the
error indicator bits reflect that such aror is present in the data or occurred during
data receptionThe format of the status word is showrFigure11-24.

msb Isb
15 14 13 12 76 5 4 32 0
TE [|RE|TM | RESERVED |SE |R |EE | RESERVED
Figurell-24. Military Standard 1553 16PP194 IntPacket Datdleader
Format

o Transaction Error (TEBIt 15indicates anmeor condition found in 16PP194
transaction.

0 = No errors found in current transaction
1 = Error conditionfound in transaction

0 Reset (RE)BIit 14 indicates a 16PP1%us master reset.

0 = No maser reset
1 = Master reseassertiordetected

0 Message Time Out (TMPBIt 13 indicates a transaction time out occurred.

0 = No message time out
1 = Message time out

0 ReservedBits 12-7 are reserved
o Status Error (SEBIt 6 indicatesstatus wordnissing in transaction.

0 = Status word present
1 = Status word missing

Reserved (R)Bits 5-4 are reserved.
o Echo Error (EE)BIt 3 indicatesscho wordmissing in transaction.

o

0 = Echo word present
1 = Missingecho word

0 ReservedBits 2-0 are reserved.
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1 MIL-STD-1553 16PP194 IntrRacket Time Stam@helPTS (64 bits total) contains
a 48bit relativetime stampn the loworder bits The 16 higkorder bits are zero.

. Packet Formatnless an error occurred, as indicated by one of the error flags in the
IPDH, the first word following théengthshould always be the first transaction command
word. The resultant packets have the format showhaiple11-21.

Table 11-21. MIL -STD-1553 16PP194 Data Packet

msb Isb
15 0

Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Intra-Packeflime Stamp (Bits 4.5)

Intra-PackefTime Stamp (Bits 3116)

Intra-PackefTime Stamp (Bits 327)

Intra-PackefTime Stamp (Bits 4&3)

Intra-PacketData Header Status

Intra-PacketData Header Length

Command (1) (Bits 316)

Command1)(Bits 150)

Command1) Echo(Bits 3116)

Command1) Echo (Bits 150)

Command?2) (Bits 3116)

Command?2) (Bits 150)

Command3) Go NoeGo (Bits 3116)

Command3) Go NeGo (Bits 150)

Command4) Go NoeGo Echo (Bits 3116)

Command4) Go NeGo Echo (Bits 10)

Status (Bits 3116)

Status (Bits 19)

Intra-PackefTime Stamp (Bits €5)

Intra-Packeflime Stamp (Bits 3116)

Intra-PackefTime Stamp (Bits 327)

Intra-PackefTime Stamp (Bits 4&3)

Intra-PacketData Header Status

Intra-PacketData Header Length

Command1) (Bits 31-16)

Command1) (Bits 150)

Command1) Echo(Bits 31-16)

Command1) Echo(Bits 150)

Command?2) (Bits 3116)

Command?2) (Bits 150)

Command3) Go NeGo (Bits 3116)

Command3) Go NeGo (Bits 150)
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Command4) Go NeGo Echo (Bits31-16)
Command4) Go NeGo Echo (Bits 10)
Status (Bits 3116)
Status (Bits 19)

Packet Trailer |

e. MIL-STD-1553 16PP194 Data Formé&iach 26bit 16PP194 word in a 16PP194
transaction shall be formatted into two-lié words Eigure11-25). The corresponding
16PP194ync andparity bits will not be formatted into the 16PP194 words.

msb Isb
15 13 12 10 9 8 7 0
BUS ID | GAP W | P | 16PP194Data Word (bits 24.7)
16PP194 Data Word (bits 41§

Figurell-25. Military Standard 1553 28it 16PP194 Word

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

111 | Communication interface
unit (CIU) Left Bus A

110 | CIU Left Bus B

101 | CIU Right Bus A

100 | CIU Right Bus B

011 Response Bus A and B
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 | 7.55ps< GAP 09.15us
101 | 5.95us< GAP O7.55us
100 | 4.35ps< GAP 05.95us
011 | 2.75us< GAP 04.35us
010 | 2.75us< GAP 04.35us
001 |1.15us<GAP02.75us
000 | Not Applicable

parity bit fromthe previous reeived word tamid-
crossing of the sync bit of the current word pd
counts.

NOTV Gap time is measured from rmodossing othe
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1 MIL-STD-1553 16PP194 Word Bit Error (\Mf the bit is set tdil,0 this indicates
that a Manchestarrorwas detected in the word.

1 MIL-STD-1553 16PP194 Word Parity Error (F)the bit is set tdil,0 this indicates
that a parity error occurred in the word

1 16PP194 Data Wordits 161 contain thel6PP194 data field as Figure11-26.

MSB LSB

25|24 \23|22(21|20(19(18|17|16|15|14|13|12|11(10( 9 |8 |7 |6 |5 |4 |3 |2 |1 |0

RIU RIU SUB
ADDRESS ADDRESS DATA FIELD

Oz <w

<—H4—=-2>r7T

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

RIU RIU SUB
‘ BUS ID ‘ GAP ‘ Y ‘ z ‘ ADDRESS ADDRESS

‘ 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)

Figurell-26. 16PP194 Word Format

1 16PP194 Data Wordits 2417 contain thd6PP194emote interface unilR1U)
address and RIdubaddress as ifigure11-26.

11.2.5 Analoq Data Packets

11.2.5.1 Analog Data Packets, Format O
Reserved.

11.2.5.2 Analog Data Packets, Format 1
The generic packet structure for analog data is illustratédbie11-22.

Table 11-22. Generic Analog Data Packet, Format 1

Packet Header
ChannelSpecificData Word, Subchannel 1
ChannelSpecificData Word, Subchannel 2

ChannelSpecificData Word, Subchannel M
Sample 1
Sample 2
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Sample N
Packet Trailer

An analog data packetill contain aCSDWfor each subchannel of analog data sampled
within that packet if the SAME bit is set to 0, or it will contain a sifgBDWfor the entire
analog packet if the SAME bit is set toThis will be followed by at least one comjae
sampling schedule of data.

A sampling schedule is defined as a sampling sequence in which each subchannel,
described by £SDW, is sampled at least onda many cases, due to simultaneous sampling
rules and varied sampling rates, a particular subchannel will be sampled moreahauong a
sampling schedulén addition, multiple complete sampling schedules may be included in a
single packetFor these reasons, the numbeC&DWs will usually be less than the number of
samples.

Table11-22 depicts the generic packet data structure for M data subchannels and a single
sampling schedule that has a lengthi\ite that the width of the structure is not related to any
number of bis and is merely intended to represent relative placement of words within the packet.

NOTV Thepacket header timie ananalog datgacket

shall correspond to the first data sample in the
packet There are ndPHs inanalog data packet

a. Analog Packe€ChannelSpecific DataThe packet bodyportion of eactanalogpacket
begins with the&CSDWs). Each subchannel that is sampled with the packet sampling
schedule must haveGSDWwithin the packetOnly oneCSDWis required if
subchannels are sampled at shene sampling rate (FACTOR), and have the same bits
per sample (LENGTH) and same packing mode (MQBI)28 of theCSDW shall be
used to indicate same sampling data rate for subchannels.

The CSDW¢ foranalog data packetire formatted as shownhkigure11-27.

msb Isb
31 29 28 27 24 23 16 15 8 7 21 0
RESERVEDSAME |[FACTOR |[TOTCHAN [SUBCHAN ILENGTH  |MODE

Figurel1-27. Analog Packet Chann&pecific Data Word

I ReservedBits 31-29 are reserved.

1 SameBit 28 specifies if thiCSDWapplies for all the channels included in the
packet or if each channel has its 0cG8DW.

0 = Each analog chamh has its owrCSDW.
1 =TheCSDWis valid for all analog channels stored in this packet
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1 FEactor Bits 27-24 arethe exponent of the power of 2 sampling rate factor
denominator for the corresponding subchannel in the range 0 fdhEssampling
rate facto numerator is always 1.)

0x0= Sampling rate factor denominato?=21 = > factor= 1/1
0x1= Sampling rate factor denominatot=22 = > factor= %
0x2 = Sampling rate factor denominatot=24 = > factor= Y4

OxF = Sampling rate factor denominatot®2 32768= > factor= 1/32768

1 Totchan Bits 23-16 indicatethe total number of analog subchannels in the packet
(and the number aZSDW in the packet).

This field must be the same value in@BDWs in a single packeThe Totchan value
may be less thathe largest Subchan valukhis can happen when a mutthannel

analog input device has some of its subchannels disabled (turned off) for a specific
acquisition sessiorror example, if an analog input device has eight subchannels and
not all eight are ante, an analog data packet may have three subchannels (Tetchan
3) numbered 4, 7, and 8 (enabled Subchdn7, 8) The number of subchannels
(Totchan) and the subchannel number for each active subchannel (Subchan) in a
packet are identified in the accpanyingTelemetry Attributes Transfer Standard
(TMATS) (ComputerGenerated Data, Format 1) packet.

0x00= 256subchannels
0x01= 1 subchannel
0x02= 2 subchannels

1 SubchanBits 158 indicate a binary value representing the nunebaubchannel ID
of the amlog subchannel.

When aranalog packetontains data from more than one subchannel anG$iBAs

are not the same for all channels (see field Same, bit 2833b&\s must be

inserted into the packet in ascending subchannel number as identified byldhis fie
The Subchan values in the88DWs need not be contiguous (see Totchan), but they
must be in ascending decimal numerical order with the exception that subchannel O
(256) is lastlf the Same bit is set, the Subchan field shall be set to zero.

0x01= Subchannel 1
0x02= Subchannel 2

0x00= Subchannel 256

1 Length Bits 7-2 indicate a binary value representing the number of bits iarthleg
to-digital converter.

000000= 64-bit samples
000001= 1-bit samples

001000= 8-bit samples
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001100= 12-bit samples

1 Mode Bits 1-0 indicate alignment and packing modes of the analog \détan
Totchan is more than 1, MODE must be the same for all subchannels in a single
packet.

00= Data is packed

01 = Data is unpackedsb padded
10 = Resened for future definition
11 = Data is unpackednsbpadded

two options a) one channel with no stttlennelsor b) one channel as its
own subchanneln such cases thetbiare to be defined as follows.

One channel with| One channel with
no subchannel one subchannel

NOT? For the special case of defining a single channel (TotsHgnthere are

Totchan(bits 2316) | 1 1
Same (bit 28) 1 0
Subchan(bits 158) |0 1

b. Analog SamplesA simultaneous sampling scheme shall be empltygadeserve timing

relationships and allow for acate reconstruction of the da&he highest sampling rate
required shall define the primary simultaneous sampling rate within the paket

primary simulaneous sampling rate is identified in the TMATS file describing the
attributes of the analog data pacKeie rate at which the other subchannels are sampled
is then defined by the sampling factor (1, %, %, 1/8, 1/16, 1/32768) for each subchannel
As an eample, a sampling factor of % would yield that subchannel being sampled at
onefourth the primary simultaneous sampling rate and a sampling factor of 1 would
yield that subchannel being sampled at the primary simultaneous sampling rate.

Directly following the CSDWs), at least one complete sampling schedule shall be
inserted in the packethe samples, within the sampling sequence, may be inserted either
unpackedmsbpacked or Isb packedas described iBubsectioril.2.5.2itemsb(1) and
b(2). In either case, one or more subchannels may be included in a single Yéuet
multiple subchannels are encapsulated into a single packet, the subchannel with the
highest sampling rate requirement defines the primary simultaneous samplifigneate
rateat which the other subchannels are sampled is defined by the sampling factor
(contained within th&€ SDWs). Sampling factors are defined as:

%178* X

¢+ .k=0, 1, 2, 3, 4, 5, &

of theprimary smultaneousamplingrate X.
Thesubchannels are then sampled and ordered such that:

1 The highest sample ral&X subchannel(s) appear in every simultaneous sample
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1 Thege; 8* X subchannel(s) appear in every 2nd simultaneous sample
(; -

o 1 ~
1 The %g* X subchannel(s) appem every 4th simultaneous sample
(!‘ -

e and so on wuntil all the subchannel s
schedule of all subchannels described byGB®Ws. In doing so, the total number of
simultaneous samples (not the total number of seshlill 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 gathplingfactors %, 1/8, 1, %2, 1, and 1/8
respectively will yield a samplingequence within the data packet as:

Simultaneous Sample 1:
Simultaneous Sample 1:
Simultaneous Sample 2:
Simultaneous Sample 2:
Simultaneous Sample 2:
Simultaneous Sample 2:
Simultaneous Sample 3:
Simultaneous Sample 3:
Simultaneous Sample 4:
Simultaneous Sample 4:
Simultaneous Sample 4:
Simultaneous Sample 4:
Simultaneous Sample 5:

Simultaneous Sample 5:

Simultaneous Sample 6:
Simultaneous Sample 6:
Simultaneous Sample 6:
Simultaneous Sample 6:
Simultaneous Sample 7:
Simultaneous Sample 7:
Simultaneous Sample 8:
Simultaneous Sample 8:
Simultaneous Sample 8:
Simultaneous Sample 8:
Simultaneous Sample 8:
Simultaneous Sample 8:

Subchannel 3
Subchannel 5
Subchannel 1
Subchannel 3
Subchannel 4
Subchannel 5
Subchannel 3
Subchannel 5
Subchannel 1
Subchannel 3
Subchannel 4
Subchannel 5
Subchannel 3
Subchannel 5
Subchannel 1
Subchannel 3
Subchannel 4
Subchannel 5
Subchannel 3
Subchannel 5
Subchannel 1
Subchannel 2
Subchannel 3
Subchannel 4
Subchannel 5
Subchannel 6

Notice that the denominator of the sreatlsampling factor defines the number of

simultaneous samples within the packet (in this exampléo8)everthe total number

of samples within the sampling schedule does not have to equal the number of

simultaneous samples (in this example, 2d§0 notice that all subchannels are sampled

during the lassimultaneoussample The order of the subchannel samples in each

simultaneous sample is ascending by subchannel number.
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Any number of complete sampling schedules may be placed within a packet se that t
maximum packet length is not exceeded

(1) Unpacked Modeln unpacked modepacking is disabled and each sample is padded
with the number of bits necessary to align each word with the nebit b6undary
in the packetFour pad bits are added to-bR words, eight pad bits are added to 8
bit words, etcAll pad bits shall equal zero.

NOT? Samples less than 8 bits go into all6

word boundary.

To illustratemsbpadding, given M analog subchannels mapping into N samples for
the special case of all samples having bit lengths of 12 bits, the resuléog
packets withmsbpadding have the form shownTable11-23.

Table 11-23. Analog Data PacketUnpacked Mode,msb Padding

msb Isb
15 0
Packet Header
ChannelSpecificData Word, Subchannel 1 (Bits-D%
ChannelSpecificData Word, Subchannel 1 (Bits-36)
ChannelSpecificData Word, Subchannel 2 (Bits-D%
ChannelSpecificData Word, Subchannel 2 (Bits-35)

ChannelSpecificData Word, Subchannel M (Bits 15§
ChannelSpecificData Word, Subchannel M (Bits 3B)

4 Pad Bits Sample 1, 1Data Bits
4 Pad Bits Sample 2, 1Data Bits
4 Pad Bits Sample 3, 1Data Bits
4 Pad Bits | Sample N, 1Data Bits

PackefTrailer

To illustratelsb packing, given M analog subchannels mapping into N samples for
the special case of all samples having bit lengths of 12 bits, the resuléog
packets witHsb padding have the form shownTable11-24.

Table 11-24. Analog Data PacketUnpacked Mode,Isb Padding

msb Isb
15 0

Packet Header

ChannelSpecificData Word, Subchannel 1 (Bits-D%
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ChannelSpecificData Word, Subchannel 1 (Bits-35)

ChannelSpecificData Word, Subchannel 2 (Bits-D%

ChannelSpecificData Word, Subchannel 2 (Bits-36)

ChannelSpecificData Word, Subchannel M (Bits 18§

ChannelSpecificData Word, Subchannel M (Bits 3b)

Sample 1, 1Data Bits 4 Pad Bits
Sample 2, 1Pata Bits 4 Pad Bits
Sample 3, 12 Data Bits 4 Pad Bits
Sample N, 12 Data Bits | 4 Pad Bits

PackefTrailer

(2) Packed Modeln packed modepacking is enabled and padding is not added to each
data word howeverjf the number of bits in the packet are not an integer multiple
of 16, then Y filler bits will be used tmsbfill the last data word, forcing alignment
on a 16bit boundary The value of Y is 16 minus the integer remainder of L, the
total number of dathits in the packet, divided by 16 and is mathematically
expressed as:

Y = 16 (MODULUSIL,16}).

To illustratemsbpadding, given Manalogsubchannels mapping into N samples for
the special case of all samples having bit lengths of 12 bits, the resulédot
packets with padding bits at the end of the Nth sample have the form shown in
Table11-25

Table 11-25. Analog Data PacketPacked Mode Packet

msb Isb
15 0
Packet Header
ChannelSpecificData Word, Subchannel 1 (Bits-D%
ChannelSpecificData Word, Subchannel 1 (Bits-35)
ChannelSpecificData Word, Subchannel 2 (Bits-D%
ChannelSpecificData Word, Subchannel 2 (Bits-35)

ChannelSpecificData Word, Subchannel M (Bits 15§
ChannelSpecificData Word, Subchannel M (Bits 35)
Sample 2 (Bits ®) | Sample 1 (Bitd1-0)
Sample 3 (Bits -0) | Sample 2 (Bits 14)
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Y Padding Bits Sample N (Bits 1D)

Packet Trailer

11.2.5.3 Analog Data Packets, Format 2
This analog format will be added in a future release.

11.2.5.4 Analog Data Packets, Format 3 (IRgcording of Intermediate Fqaencies)

The Analog Data Packet, Format 3 is a special case of the generic Analog Data Packet,
Format 1 for the recording and reproduction of IF signals. This IF signal, typically a value of
70.0 MHz, is a downconverted repeesation of an RF signal. This RF signal is generally in the
authorized telemetry frequency bands of L, S, and C.

With Format 3, the data is sampled frorpimase and quadrature (I/Q) signals issued
from 1Q transposition of the IF signal to baseband. @kftnes two analog subchannels; the first
being | and the second being Q. $&gure11-28. Each packet will contain samples from one IF
signal source. fie multiplexing of IF sources is not permissible.

(1)-Subchannel

(Fio = 5)
Input (f) —> 1

90°

— (Q) Subchannel

Figurel1l-28. Analog Packet Format 3, I/Q Sampling

recording anaeproducing IF 70MHz signals from and to Telemetry
receiver IF input/outputs. Because the typical IF 70MHz output level f
telemetry receivers across the market is regulated and normalized arg
5dBm, it will be assumed that the max input level oflh@éOMHz signal
to be 0dBm. The same applies for tRefOMHz outputs (reproducing)

NOTV The current version of Analog Data Packets, Format 3 is applicable fg
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NOTE The TMATS,Analog Data Types Attributefor the IF and CF
/ frequencies are documenteddhapter R-X\AIF andR-X\ACF.

Packet structure for Analog Data Format 3 is illustrateThinle 1126.
Table 11-26. Analog Data Packet, Format 3

Packet Header

ChannelSpecific Data Word
Subchannel i Sample 1
Subchannel @ Sample 1
Subchanneli Sample 2
Subchannel Q@ Sample 2

Subchannel i Sample N
Subchannel @ Sample N
Packet Trailer

An Analog Data Packet of Format 3 will contain a single CSDW for the entire analog
packet with the SAME bit set to 1. This will be followed by at least one complete sampling
schedule of data.

A sampling schedule is defined as a sampling sequence in which each I/Q subchannel is
sampled at least once and the same number of times.

Table 1126 depicts the generic packet data structure for I/Q 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 relativenpdsnt of words within the
packet.

shall correspond to the first data sample in the

NOT‘E, The packet header time in an analog data packe
packet. There are no IPHs in analog data packet|

a. Analog Packet Channélpecific DataThe packet body portion efich analog packet
begins with the CSDW. Only one CSDW is required as the 1/Q subchannels are sampled
at the same sampling rate (FACTOR) and have the same bits per sample (LENGTH) and
same packing mode (MODE). Bit 28 of the CSDW shall be set to 1.

NOTE In thecurrent version of the standard, Analog Dal
Packets Format 3, bits ®Blcan be considered
hardcoded a8x100200.

The CSDWs for Analog Data Packets Format 2 are formatted as shéwguia11-29.
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MSB LSB
31 8 7 21 0
0x100200 ILENGTH  |MODE

b.

Figurel1l-29. Analog Packet Format 3, Chant&gbecific Data Word

1 Length Bits 72 indicate &inary value representing the number of bits in the analog
to-digital converter.

000000 = 64bit samples
000001 = 1bit samples

001000 = 8pit samples

001100 = 17bit samples

1 Mode Bits 1-0 indicate alignment and gdng modes of the analog @a¥When
Totchan is more than 1, MODE must be the same for all subchannels in a single
packet.

00 = Data is packed

01 = Data is unpacked, LSB padded
10 = Reserved for future definition
11 = Data is unpacked, MSB padded

Analog SamplesThe sampling rate isientified in the TMATS fields describing the
attributes of the analog data channel. The rate at vihediQ subchannels are sampled
is equal to the sampling rate.

Directly following the CSDW(s), at least one complete sampling schedule shall be
inserted in the packet. The samples within the sampling sequence may be inserted either
packed, unpacked MSB padded, or unpacked LSB padded as described in the Analog
Data Pakets Format 1, Subsectidi.2.5.2items I{1) and 2). In either case, the two

I/Q subchannels shall be included in a single packet.

Any number of complete sampling schedules may be plaithth a packet as long as
the maximum packet length is not exceeded.

11.2.6 Discrete Data Packets

11.2.6.1 Discrete Data Packets, Format O

Reserved.

11.2.6.2 Discrete Data Packets, Format 1

A packet withdiscretedata has the basic structure showiiable11-27. Note that the

width of the structure is not related to any number of Bhgs drawing is merely intended to
represent relative placement of data in the packe¢ to 32 discrete states may be recorded for
each event.
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Table 11-27. General Discrete Data Packet, Format 1

Packet Header

ChannelSpecificData

Intra-Packet Headdor Event 1

Event 1 States

Intra-Packet Headdor Event 2

Event 2 States

Intra-Packet Headdor Event N

Event N States

Packet Trailer

a. Discrete Packet Chann8becific Data WordThe packet bodyportion of eacldiscrete

packet begins with the SDW, which is formatted as shown igure11-30.

msb Isb
31 8 7 3 2 0
RESERVED | LENGTH | MODE
Figure11-30. Discrete Packet Channel Data Word
1 ReservedBits 31-8 are reserved.
1 Length Bits 7-3 indicate a binary value representing the number of bits in the. event
The value of zero indicates 32 bits.
1 Mode Bits 2-0 indicatethe male of accessing the discrete data.

o Bit O: indicates theecord sate.

0 = discrete data is recorded when the state changes
1 =discrete data is recorded on a time interval basis

o Bit 1: indicates the alignment of the data.

O=lIsb
1=msb

o0 Bit 2: reserved.

b. Discrete DataAfter thechannelspecific datadiscretedata Figure11-31) is inserted in
the packetDiscrete data are describedea®ns. Eacheventincludes theeventstate for
each discrete input and the correspondig-packet timeTheevent sate is a 32it
word that provides the logical state of each discrete input.

msb Isb
31 30 1 0
D31 | D30 |é D1 | DO
Figurel11-31. Discrete Data Format
9 Discrete Event BitBits 31-0 indicate the states of the discrete event bhits.
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Bit 31: indicatesdiscrete31 (D31)state.

0 =discrete 31 is at state O
1 =discrete 31 is at state 1

Bit 30: indicatesdiscrete30 (D30)state.

0 =discrete 30 is at state O
1 =discrete 30 is at state 1

Bit 1: indicatediscretel (D1) state.

O =discrete 1 is at state O
1 =discrete 1 is at state 1

Bit 0: indicatediscrete0 (DO) state.

O =discrete O is at state O
1 =discrete 0O is at state 1

c. Discrete Event IntrdPacket HeadeAll discrete events shall include #H consisting of
anlIPTSonly, which is inserted immediately before the discreteevde length of the
IPH is fixed at 8 bytes (64 bits) positioned contiguously, arranged in the sequence shown

in Figure11-32.

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

Figurel1l-32. Discrete Event IntrdPacket Header

1 Intra-Packet Time Stam@ hese8 bytes indicate the time tag of the discrete event
Firstlong word bis 3:0 andsecond longvord bits 310 indicate the following
values:

(1) The 48bit RTC that corresponds to the first data bit of the discrete event with bits
31 to 16 in the second long word zero filled

(2) Theabsolute timeif enabled by bit 6 in thpacket flgs (Subsectioril.2.1.litem
g). The ime formatis indicated by bits 2 and 3 in tipacket flgs (Subsection
11.2.1.1item@). The time tag shall beorrelatedo the first data bit of the discrete
event The discrete data packet format is present&cbrie11-28.

Table 11-28. Discrete Data Packet Format

mshb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Intra-Packet Time Stamfor Event 1 (Bits 15))

Intra-Packet Time Stamfor Event 1 (Bits 3116)

Intra-Packet Time Stamfor Event 1 (Bits 4732)
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Intra-Packet Time Stamfor Event 1 (Bits 6348)
Statedor Event 1 (Bits 15))
Statedor Event 1 (Bits 3116)

Intra-Packet Time Stamfor Event N (Bits 150)
Intra-Packet Time Stamfor Event N (Bits 3116)
Intra-Packet Time Stamfor Event N (Bits 4732)
Intra-Packet Time Stamfor Event N (Bits 6348)
Statedor Event N (Bits 150)
Statedor Event N (Bits 3116)

Packet Trailer

11.2.7 ComputerGenerated Data Packets

Packets witlcomputergenerated dataave the basic structure showriliable11-29.
Formats 0, 1, 23, and4 are used to add information packets to recorded @hta information
contains annotation data, setup records, events, or index information for the data teahhas b
recorded The width of the structure is not related to any number of Tiis drawing is merely
intended to represent relative placement of data in the packet.

within the recorderAfter the CSDW, thecomputergenerated data
inserted in the packethe organization and content of b@mputer
generated data determined by the specifieormattype

NOTy Computergenerated datia defined as noexternal data or data generate

Table 11-29. General Computer-Generated Data Packet Format

Packet Header
ChannelSpecificData
Computer Generated Data
Packet Trailer

11.2.7.1 ComputerGenerated DatBackets Format 0, Us&efined

Format O enables the insertion of udefinedcomputergenerated dat®atashall notbe
placed in packstof this typef the data type is already defined within this standardshal data
be inserted in this packet tfis directly generated from an external input to the recorder

1 Format 0 Channebpecific Data WordThe packet bodyportion of each Format 0
packetbegins with theCSDW, which is formatted as shown figure11-33.

I ReservedBits 31-0 are reserved.

msb Isb
31 0
RESERVED

Figurel11-33. ComputerGenerated Format 0 Chant&pbecific Data Word
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however, they are cons

NOT? For thisformat, bits 310 are declared reserved;
AApplicationo defined

11.2.7.2 ComputerGenerated Data Packets Format 1, Setup Records

Format 1 defines a setup record that describes the hardware, software, @hdoia¢h
configuration used to produce the other data packets in th&Hieorganization and content of a
Format 1seuprecordis indicated in th€€ SDWFRMT field.

A single setup record may span multiple consecutive padkitsn spanning multiple
packes, the sequence counter shall increment in the order of segmentation of the setup record,

n+1.

a. Format 1 Channébpecific Data WordThe packet bodyportion of each Format dacket
begins with theCSDW, which is formatted as shown kigure11-34.

Msb Isb
31 10 9 8 7 0
RESERVED | FRMT |SRCC|RCCVER

Figure11-34. ComputerGenerated Format 1 Chant#pecific Data Word

ReservedBits 31-10 are reserved.
1 ERMT. Bit 9 is the stup record format.

0 = SetuprecordlAW Chapter QASCII Format
1 = SetuprecordlAW Chapter XML Format

NOT‘E’ It is not permissible to have both ASCII and XML

Chapter ITMATS attributes in the sansession
(e.g, recording)

1 Setup Record Configuration Change (SRi) 8 indicates if the recorder
configuration contained in the previossup recordpacket(s) of the current
recording session (defined as .RECORD to .STOP) has changed.

0 = Setuprecordconfiguration hasiot changed
1 = Setuprecordconfiguration hagharged

shall be set to 1 and the new setup record packet will be committed to
stream prior to any new or changed data packets being committed to t
stream The next setup record paat(s) committed to the stream, if not
changed from this new setup record, shall clear the SRCC bit to 0.

NOTV When a setup record configuration change has taken place, bit 8 (SRC
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stream, aetuprecordconfigurationchange event

NOTV Prior to the new setup record being committed to
packet shall be inserted into thieeam.

applicable setup record requirements including, but

NOT? Each new setup record packet must adhere to all
limited to, the minimum required TMATS attributes.

1 RCC 106Version RCCVER). Bits 7-0 specifywhich RCCrelease versioapplies
and to which théollowing recorded data compbkwith. The value shall be
representa by the following bit patterns.

0x00through0x06= Reserved
0x07=RCC106-07
0x08=RCC106-09
0x09=RCC10611
Ox0A = RCC106-13
0x0B = RCC106-15
0x0C = RCC106-17
0x0D = RCC 10619
OxOE = RCC 102
OxOF throughOxFF= Reserved

Individual Chapter 11 dtatypes and their format/contecmplianceand
applicability with theRCCrelease version are definedSabsectioril.2.1.liteme.

Note that this feldwak nown as @A CH10VERO -04through0&
15, where it waslescribedn Chapter 1(Bubsection 10.6.7.2.

11.2.7.3 ComputerGenerated Data Packets FormaR&cording Event

Format 2 defines & BcordingEven packet that contains the occurrence and
information of one or more individual events that have been defined within the Foseiap 1
recordlAW fiRecording Eventsattribute If the recordng evens information is larger than the
maximum packet size of 5KB, therecordng evens information may be contained in multiple
packets using thenajor packet header sequenagmber.

Events associated with the .EVENT command definethiapter 6Subsection 6.2.13
can only be directly accessed from Hegjuisition systeriself (e.g, recorder systemgnd are
not contained within theutput or recordedata This does nopreclude defining an event driven
by the .EVENT command to also be defined withinrgmordng eventsetup record information
and placed in the appropriate event entry within an event pddtetEVENT command and the
A Bcordng Evend packets will nobe directly linked in this standard and any linking between
the two will be an implementation of this standard within a recorder.
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data to be directly coupled with recorder events p
the .EVENT commathin Chapter 6Subsection
6.24.13.

NOTV It is not the intent for the event packets within the

a. Event Packet LocatiofiRecordingeventpackets may be placed at any location within the
recording after the firdime datgpacket and before the lasbot index packefThis may
be at the time each event occurs, after multiple events have ocaurad@n interval of
time or packetsThe complete event log of a recording (define@utsectiori1.2.7.3
item ¢) is constituted by the contents of all event packets in a recording concatenated in
order of which the event(s) occurred in time.

NOTV Indexpackets will be enabled recordng event

packes are enabledNote that Index paets are only
meaningful if a Chapter 10 file is being used to reco
packets.

b. ChannelSpecific Data WordThe packet bodyportion of each Format Racketbegins
with the CSDW, which is formatted as shown fiigure11-35.

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

Figurel1l-35. ComputerGenerated Format@hannelSpecific Data Word
1 Recording Event Intr?acket Data HeaddBit 31 indicates the presence of the
IPDH.

0 = Recordingevent IPDH not present
1 = Recordingevent IPDH present

9 ReservedBits 30-12 are reserved.

1 Recording Event Entry Count (REE@®)its 110 are an unsigned binary that
identifies the count of recording event entries included in the packet.

c. Event Period of Captur&heeventperiod of captureRigure11-36) is defined to
encompass the events occurring from the time a .RECORD con{@bagter 6
Subsectior6.2.2.3) is issued (if it is the first recording) until the time a .STOP command
(Chapter 6Subsectior6.2.3.9) is issuedIf there is a previous recording, the ipelrof
capture is described as encompassing those events that occur from the previous
recordings .STOP command until the .STOP command of the current recofdisg
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.
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Recording n Event Recording n+1 Recording n+2
Period Event Period Event Period

Figurell-36. Events Recording Period

Priority conditions and event limit counts are defined in the setup record attributes f
each defined evenithe ability to put finite limits on events during periods of capture
precludes overflowing buffers or media capacitigsese priority conditions and event
limit counts are as follows

Priority 1
Priority 2
Priority 3
Priority 4

Priority 5

The cefined event will always beaptured during and in between
recordings.

The cefined event will always be captured during recordings and up to
a limit count between recordings.

The cefined event will always be captured during recordings and not
captured between cerdings.

The cefined event will be captured up to a limit count during
recordings and between recordings.

The cefined event will be captured up to a limit count for each defined
event during recordings and not captured betweeordings.

. Event Condition of Captur&vent trigger mode conditions during tieent periocf

captureare defined in the setup record attributes for each defined. &Vese
MEASUREMENT DISCRETE, MEASUREMENT LIMITor MEASUREMENT
CHANGE trigger mode auditions are as follows

Mode 1:

Mode 2:

Mode 3:

Mode 4:

Mode 5:

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

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

Capture MEASUREMENT DISCRETE event at e&ff (0) mode
transition sampling.

Capture MEASUREMENT LIMIT event at eatigh andlow value
transition sampling.

Capture MEASUREMENT LIMIT event at eatigh value transition
sampling.
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Mode 6: Capture MEASUREMENT LIMIT event at eatbw vdue transition
sampling.

Mode 7: Capture MEASUREMENT CHANGE event on each change of value
from the previous value.

or MEASUREMENT CHANGE, the trigger measurement must be fully
described using theetup record attributes for PCM, bus, analog, or discre
channelsThe trigger measurement source and measurement name shal
identified in the event definition.

NOT? If Event Type is MEASUREMENT DISCRETE, MEASUREMENT LIMIT,

e. Event Initial CaptureEvent initial capture conditions are defined in the setgprd

attributes for each defined evemhis 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
theevent periodf capture

ForaMode 7 capture c MEASUREMENT CHANGE eventthere shall be an option

for an initial value in the setup recaithtdoes not generate an event but each successive
value change from this initial value shall generate an eizent limit counts for mode 7
shall be valid on the numbef events generated based on successive value changes from
each previous value.

Event Trigger Measurement DescriptidinEvent Type is MEASUREMENT

DISCRETE, MEASUREMENT LIMIT or MEASUREMENT CHANGE, the event
trigger measurement must be fully describadgisheseup recordattributes for PCM,
bus,analog or discrete channeld his shall include at a minimum the following attributes
for thetrigger measurement

(1) Measuremensource (via data link name)
(2) Measurememame
(3) Applicablemeasurementaluedefinition orbit mask

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

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

(6) (Optional) Initialmeasurementalue (if MEASUREMENT CHANGE is used to
trigger the event)

(7) Applicable measurement name engineering unit conversion

. Recording Event Intracket Time Stam@ hese8 bytes indicate the time tag of the
recordng event entryas follows

(1) The 48bit RTCthat coresponds to thevent entrywith bits 31 to 16 in the second
long word zerefilled. Forevent tys that are MEASUREMENT DISCRETE or
MEASUREMENT LIMIT, the time tag will correspond to the data packet timing
mechanism containing the trigger measuremems will either be thegpacket
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header RTGralue or, if enabled, th€TS- whichever most accurately provides the
time the event occurred; or

Theabsolute timeif enabled by bit 6 in thpacket flgs(Subsectioril.2.1.litem

a). The ime formatis indicated by bit2 and 3 in thgacket flgs (Subsection
11.2.1.1item ). The time tag shall be correlatatheevent entryFor event tyes
that are MEASUREMENT DISCRETE or MEASUREMENT LIMIT, the time tag
will correspond to the data packet timing mechanism containing the trigger
measurement his will either be th@acket secaaryheadeior, if enabled and
using an absolute time value, 'S - whichever most accurately provides the
time the evenbccurred.

. (Optional) Recording Event Intf@acket Data HeadeFhese8 bytes contain the absolute

time of the event occurrencghe time source and format shall be derived from the Time
Data Packet, Format Unused higkorder bits will be zerdilled as reeded, depending

on the time type of theme data packe® he format of the recording eveifH is

presented ifrigure11-37.

msb Isb
31

0

Intra-Packet Time Stamp @LW)

Intra-Packet Time Stamp (BLW)

(Optional) IntraPacket Data Header 8LW)

(Optional) IntraPacket Data Header (W)

Figurel1l-37. Recording Event Intracket Header

Event Packet Entry Formatable11-30 andFigure11-38 present the general recording

event packet format and recording event entry layout.

Table 11-30. General Recording Event Packet Format

Packet Header

(Optional) Packet Secondary Header

ChannelSpecificData

Intra-Packet Time Stamfor Event 1

(Optional) IntraPacket Data Headénr Event 1

Recording Event 1

Intra-Packet Time Stamfor Event 2

(Optional) IntraPacket Data Headéor Event 2

Recording Event 2

Intra-Packet Time Stamfor Event N

(Optional) IntraPacket Data Headé&vr Event N

Recording Event N

Packet Trailer
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msb
31

Isb
29 28 27 12 11 0

RESERVED | EO | EVENT COUNT | NUMBER

il
1

11.2.7.4

Figurel1l-38. Recording Event Entry Layout

ReservedBits 31-29 are eserved for future growth and shall be z&ited.

Event Occurrence (EOBIit 28 indicates EvenDccurrencestate.

0 = Indicates the event occurred after the .STORmand and before the
.RECORD command.

1= Indicates the event occurred after the .RECORD command and before the
.STOP command.

Event CountBits 2712 represent@aunsigned binary that identifies the count of up
to 65,535 occurrences of an individually aefil event (as defined by Event Number
in the following paragraphEvent occurrence counts shall begin at 0xO0 for the first
occurrence of an individual event type (identified byalient numbgr The event
count can roll over to 0x0 and begin to countaggin The event count applicability
is for eachevent periodf captureas defined irSubsectiori1.2.7.3itemc. Theevent
countshall start from 0x0 at the beginning of eastent periof capture
incrementing ah+0x1 to OXFFFF for each event occurrerit¢he event count
reaches OxXFFFF within thevent periodf capturet shall roll over to 0x0.

Event NumberBits 11-0 representmunsigned binary that identifies 4096 individual
events types defined in the corresponding setup reeooitdng event numbe The
event numbeshall begin at 0x0 for the first event type defined in the setup record
and incremenm+1 for the next event type defined in the setup record.

ComputerGenerated Data Pkets Format 3, Recording Index

the context of a Chapter 10 system, and is undefine

NOTV The Recordindndexmechanism i®nly meaningful in
where Chapter 11 packets are being streamed.

This defines an index packet for an individual recording file used for direct access into
the recording fileRecordingndexpackets will be enabled wheecordng eventpackets are
enabledThere are two types of indexgkets.

1

Root Index PacketIhese packetsontain zerebasedoyte offset entries that are the
beginning onode indexpacketsThe last entry will be an offsé& the beginning of

the previous root index packietits chainif thereis more than oneoot indexpacket,

or to the beginning of theot indexpacket itself, if this root index packet is either the
first root index packet of the recording or the ordgt index packet.

NOTV Rootindex packets shall not contditier in the

packettrailer and shall contain a 3#t data
checksum in th@ackettrailer.
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enabled shall have at a minimum

NOTV Each recording file with indexes
onerootindextype packet.

1 Node Index Packet3hese packetsontainnode itemstructures containing
information about the location of data packets throughout the recording.

packetin the recording and, at a minimum, an index entr

NOTV At a minimum, an index entry shall exist for ediche data
shall exist for eachecordng event paketin the recording.

andcomputergenerated data packedre not included in the count interval.
-If the recordng index typeuses d@ime rather tharcount thetime data
packes are not included in the time interviilthe time countvalue coincides
with thetime packetate, then one index entry shall be created.

NOTV If the recordingindex typeuses aountrather thartime, thetime data packst

Generated Data Pack&brmat 1setuprecordcount

NOT? If the recordng indexes are enabled the Computer
or timeinterval value cannot be zero.

a. Recording Index Packet Locatidfiindexes are enabled raot indexpacket Figure
11-39) will be the last packet in any recording fiMore thanone root index typpacket
may be created and may be located within the recarBiogtindexpackets are not
required to be contiguws. Nodeindex types may be placed at any location within the
recording after the firdime datgpacket and before the lasiot indexpacket This may
be at an interval of time or packelfsindexes are based on a time interval, the time
interval shall be referenced to and based®NMHz RTC countsWhen a timebased
index time interval expiration takes place and all packet(s) are open (not generated), the
index offset andime stampwill be basedn the first of the opened packets generated
Packet generation and packet generation time shall apply per the definitRuissntion
11.2.1
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Beginning of Recording Session

Time Data Packet
Data Packet

Packet Header Node Index Packet 1
CSDW
ile Size (Opt Data Packet
IPH 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

“Intra-Packet Header” (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 ok
“Root Offset” points to the Node Indox Packet n File Size (Opt)
prgvious:, Il?c-:ot Index F’acklet or Root Index Packet n Node Offset 1
to itself if it is the only or first

Root Index Packet

End of Recording Session

Node Offset n
IPH
Root Offset

Packet Trailer

Figure11-39. Format Showing Root Index Packet

b. ChannelSpecific Data WordThe packet bodyortion of each Format 3acketbegins
with the CSDW, which is formatted as shown igure11-40.

msb Isb
31 30 29 28 16 15 0
IT | FSP | IPDH | RESERVED | INDEX ENTRY COUNT

Figure11-40. ComputerGenerated Format 3 Chang&pecific Data Word

1 Index Type (IT) Bit 31 indicates the type of index packet.

0 = Rootindex
1 = Nodeindex

1 File Size Present (FSHit 30 indicates if the file size at the time the index packet
was created is present.

0 = File size not present
1 =File size present

1 Index IntraPacket Data HeaddBit 29 indicates the presence of 1RDH.
0 = IndexIPDH not present
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1 =IndexIPDH present

i ReservedBits 2816 are reserved.

1 Index Entry CountBits 150 indicate thainsigned binary value of the number of
index entries included in the packan integral number of complete index entries
will be in each packet.

NOTV The IPDH presence once set by bit 29

shall be the same state for the entire
recording.

c. Recordingindex IntraPacket Time Stamdhese8 bytes indicate the time tag of the
recordng index entryas follows

1 The 48bit RTCthat corresponds to thedex entry with bits 31 to 16 in the second
long word zerefilled. For node index packstthis corresponds the first bit in the
packet body of the packet associated withnibee index itemor

1 Theabsolute timgif enabled by bit 6 in thpacket flgs(Subsectioril.2.1.litem Q).
The ime formatis indicated by bits 2 and 3 in tipacket flgs (Subsectioril.2.1.1
item g). The time tag shall be correlatexritheindex entry For node index packst
this corresponds to the first bit in the packet body optieket associated with the
node index item

d. (Optional) Recording Index IntfBacket Data HeadeFhese8 bytes contain the absolute
time of theindex entry The time source and format shall be derived from the Time Data
Packet, Format.Jnusedhigh-order bits will be zerdilled as needed, depending on the
time type of theéime datapacket Figure11-41 presents the format of the recordingen
IPH.

msb Isb
31 0
Intra-Packet Time Stamp @LW)
Intra-Packet Time Stamp (BLW)
(Optional) IntraPacket Data Header 3LW)
(Optional) IntraPacket Data Header (BLW)

Figurell-41. Recording Index IntrdPacket Header

e. Root Index Packet Entry Format root index packetontains anode index offsegéntry
or entries using the format shownTiable11-31 andTable11-32.

Table 11-31. General Recording Root Index Packet

Packet Header

(Optional) Packet Secondary Header
ChannelSpecificData

(Optional) Root Index File Size

Intra-Packet Time Stamfor Node Index 1
(Optional) IntraPacket Data Head&r Node Index 1
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Node Index Offset 1

Intra-Packet Time Stamfor Node Index N
(Optional) IntraPacket Data Headé&r Node Index N
Node Index Offset N

Intra-Packet Time Stamfor Root Index

(Optional) IntraPacket Data Headé&r Root Index
Root Index Offset

Packet Trailer

Table 11-32. Recording Root Index Entry Layout

msb Isb
31 0

(Optional) File Size (ELW)

(Optional) File Size (NSLW)

Intra-Packet Time Stamfor Node Index 1 (SLW)

Intra-Packet Time Stamfor Node Index 1 (M5LW)

(Optional) IntraPacket Data Head&r Node Index 1 (SLW)

(Optional) IntraPacket Data Headé&r Node Index 1 (MSLW)

Node Index Offset 1 (BLW)

Node Index Offset 1 (I8LW)

Intra-Packet Time Stamfor Node Index N (ISLW)

Intra-Packet Time Stamfor Node Index N (MSLW)

(Optional) IntraPacket Data Headé&r Node Index N (ISLW)

(Optional) IntraPacket Data Head&r Node Index N (MSLW)

Node Index Offset N (ELW)

Node Inagx Offset N (MSLW)

Intra-Packet Time Stamfor Root Index (ISLW)

Intra-Packet Time Stamfor Root Index (MBLW)

(Optional) IntraPacket Data Headé&vr Root Index (ISLW)

(Optional) IntraPacket Data Head&r Root Index (MBLW)

Root Index Offset (ELW)

Root Index Offset (NBLW)

1 (Optional) Root Index File Siz&hese8 bytes are an unsigned binary that identifies
the current size in bytes of the file at the timertha index packetvas created and
placed into the recording his value should béné same as theot index offsetThe
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 recordingn all cases the original recording file size will allow

recalculation and/or replacement of the index offsets when required.
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1 Node Index OffsefTheseB bytes are a unsigned binary that identifies the zero
basedoyte offset from the beginning of the recording fo the point in the file at
which thenode index packet sync patt¢xEB25) begins.

1 Root Index OffsetThese8 bytes are a unsigned binary that identifies the z&@ased
byte offset from the beginning of the recording file to the point in the fiehath the
previousroot index packet in its chalmegins, if theres more tharone root index
packetor to itself, if it is the first or onlyoot index packet

Node Index Packet Entry Format node index packetontains an index entry or entries

usingthe format shown ifable11-33 andFigure11-42.
Table 11-33. General Recording Node Index Packet

Packet Header

(Optional) Packet Secondary Header
ChannelSpecificData

(Optional) Node Index File Size

IntrarPacket Time Stamfor Node Index 1
(Optional) IntraPacket Data Headé&or Node Index 1
Recording Node Index 1

IntrarPacket Time Stamfor Node Index 2
(Optional) IntraPacket Data Head&r Node Index 2
Recording Node Index 2

Intra-Packet Time Stamfor Node Index N
(Optional) IntraPacket Data Headé&r Node Index N
Recording Node Index N

Packet Trailer

msb Isb
31 24 23 16 15 0
Reserved | Data Type | Channel D

Data Packet Offset &L W)

Data Packet Offset (BLW)

Figure11-42. Recording Node Index Entry Layout

1 (Optional) Node Index File Siz&hese8 bytes are a unsigned binary that identifies
the current size in bytes of the file at the timertbde index packetas created and
placed into the recording his value should be the same asrtbde index offsefThe
file size is required when a recording is split across multiple media, individual or
multiple channels are split from the original recording file, or tsiees are extracted
from the original recordingn all cases the original recording file size will allow
recalculation and/or replacement of the index offsets when required.

1 Channel ID These2 bytes are a unsigned binary that identifies a value representing
thepacket channdD for the data packet associated with thigle index item
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91 Data TypeThis byte is a unsigned binary that identifies a value representing the
type and format of the data packes@sated with thisode index item

1 Data Packet OffseTheseB bytesare a unsigned binary that identifies the zero
basedoyte offset from the beginning of the recording file to the point in the file at
which thedata packet sync pattef@xEB25) begingor thisnode index packetem.

11.2.7.5 ComputerGenerated Data Bkets Format 4Streaming Configuration Records

Format 4 is used to report the active streaming or recording configuration of the.system
The organization and content of a Form&treaming Configuration record is indicated in the
CSDW FRMT field.

A single Streaming Configuration record may span multiple padkéisn spanning
occurs, no other Format 4 Compu@enerated Data Packet shall be interspersed, although other
packet typesire permitted between segments of a Format 4 paskesn spanning multiple
packets, the segments shall be output in order, and the last segment shall be flagged in the
CSDWw.

a. Format 4 Channebpecific Data WordThe packet body portion of each Format 4k
begins with the CSDW, which is formatted as showhigure11-43.

msb Isb
31 16 15 14 8 7 0
RESERVED |LAST| FRMT  |RCCVER

Figurel1l-43. ComputerGenerated Format 4 Charnv&pecific Data Word

ReservedBits 31-16 are reserved.

1 ERMT. Bits 14-8 contain thetseamingconfiguration record format according to the
following bit patterns:

0000000 = Complete record IAWhapter QASCII Format
000 0001 = Complete record IAGhapter XML Format
000 0010 = Segmented part of an ASCII Format record
000 0011 = Segmented part of an XML Format record
000 0100 = SHA256 Checksum

000 0101 = Currently Selected Channels

1 LAST. Bit 15 that the current packet is the last packets#raes of segmented
packetslgnored ifthe FRMT bits do not denote aggnented record.

0 = The current packet is not the last packet
1 = The current packet is the last packet in a segmented series

1 RCC 106 Version (RCCVERBIts 7-0 specify which RCC tease version applies
and to which the following recorded data complies withe value shall be
represented by the following bit patterns.

0x00 through Ox0OB = Reserved
0x0C = RCG106-17
0x0D through OxFF = Reserved
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Individual Chapter 11 data types and their format/content compliance and
applicability with the RCC release version are defined in SubseLti@nl.liteme.

b. Full or Segmented ASCII or XML Format Recorttamediately following the GDW in
the case of the complete or segmented versions of either the ASCII or XML variants of
the full TMATS configuration record shall be the text of the TMATS record, or (if
segmented) the text that immediately sequentially follows the last charadter of t
previous segmented part of the TMATS record.

c. SHA2-256 Checksumimmediately following the CSDW shall be 32 bytes containing the
binary representation of the 2b& SHA2 checksum, calculated IAG@hapter 6
Subsection 6.3.11.f This structure is shown ihable11-34. Note that Subsection
6.23.11.fand theChapter i G HAO attri bute both reference
representations of the binary value used in this record.

Table 11-34. SHA2-256 Checksum Packet Layout

msb Isb
31 0
Packet Header

ChannelSpecific Data (Bits 3D)

Checksum bits 25224

Checksum bits 22392

Checksum bits 19160

Checksum bits 15928

Checksum bits 1296

Checksum bit95-64

Checksum bits 632

Checksum bits 3D
Packet Trailer

NOTE To avoid confusion, It
/ referenced by FIPS 18Pshall be used’hus
each 32 bit portion of the checksum shown

above shalll be treat ¢

d. Currently Selected Channelenmediately bllowing the CSDW shall be a 4t count of
the number of 1bit words that follow, with each following word providing the channel
ID of a channel currently selected (or enabled) for oufffus structure is showin
Table11-35. The order of the channels in the body of the record is implementation
dependent.

Table 11-35. Currently Selected Channel Layout

msb Isb
15 0
Packet Header

ChannelSpecific Data (Bits 1®)
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ChannelSpecific Data (Bits 31.6)
Number of Valid Channels to follow
Channel ID #1

Channel ID #2

Channel ID #n
[ optional filler bytes ]
Packet Trailer

11.2.8 ARINC-429 Data Packets

11.2.8.1 ARINC-429 Data Packets, Format O

Data shall be packetizedword mode each 32vit word of an ARING429 bus shall be
preceded by aliPH containing anPDH only with an identifier (IDword) that provides type and
status informationTheIPH does not contaianIPTS. The packet timean thepacket headdas
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 wosdMultiple words of multiple ARING429 buses can be inserted into a
single packetThe resultant packets shall have the following format as showahle11-36.

Table 11-36. ARINC -429 Data Packet Format

msb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Word 1Intra-PacketData Header

Word 1Intra-PacketData Header

ARINC-429 Data Word 1 (Bits 1b)

ARINC-429 Data Word 1 (Bits 316)

Word 2Intra-PacketData Header

Word 2Intra-PacketData Header

ARINC-429 Data Word 2 (Bit45-0)

ARINC-429 Data Word 2 (Bits 316)

Word N Intra-PacketData Header
Word N Intra-PacketData Header
ARINC-429 Data Word N (Bits 1b)
ARINC-429 Data Word N (Bits 316)
Packet Trailer

correspond to thérst data bit of the

NOTV Time tagging of ARING429 shall
packet.
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a. ARINC-429 Packet Channépecific Data WordThe packet bodyportion of each
ARINC-429 data packet shall begin witlC&DWformatted as shown iRigure11-44.

msb Isb
31 16 15 0
RESERVED | MSGCOUNT

Figurell-44. ARINC-429 Packet Channé&pecific Data Word

 ReservedBits 31-16 are reserved

1 Message Count (MSGCOUNTBIts 150 indicate the binary value of the number of
ARINC-429 words included in the packet.

b. Intra-Packet Data HeadeBits 31-0 contain the ARINE€129 IDword. Each ARING429
bus data word is preceded byl@Bnword and the bit definitions are as showrrigure
11-45.

msb Isb
31 24 23 22 21 20 19 0
BUS |FE |PE |BS |R | GAP TIME

Figure11-45. Intra-Packet Data Header Format

91 Bus Bits 31-24indicatea binary value identifying the ARIN@29 bus number
associated with the following data worithe first bus is indicated by A maximum
of 256 buses can be placed in one packet.

1 Format Error (FE)BIt 23 indicates an ARIN&29format error

0 = No format error has occurred
1 = Format error has occurred

9 Parity Error (PE)BIt 22 indicates an ARIN& 29 parity error.

0 = No parity error has occurred
1 = Parity error has occurred

1 Bus Speed (BSBit 21 indicates the ARIN€29 bus speed the data is from.

0 = Indicatedow-speed ARING429 bus (12.5 kHz)
1 = Indicateshigh-speed ARING429 bus (100 kHz)

1 Reserved (R)BIit 20is reserved.

Gap Time (GAP TIME)BIits 190 contain a binary value that represents the gap time
from the beginning of the preceding bus word (regardless of bus) to the beginning of
the current bus word in G4lsincrementsThe gapime of the first word in the

packet is GAP TIME= 0. When the gap time is longer than 188 a new packet

must be started.

c. ARINC-429 Packet Data Word§he data words shall be inserted into the packet in the
original 32bit format as acquired from the $u
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11.2.9 Message Data Packets

11.2.9.1 Message Data Packets, Format O
The data from one or more separate serial communication interface channels can be
placed into anessage data packgiable11-37).

Table 11-37. Message Data Packet Format

msb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Intra-Packet Time Stamfor Msg 1 (Bits 150)

Intra-Packet Time Stamfor Msg 1 (Bits 3116)

IntrarPacket Time Stamfor Msg 1 (Bits 4732)

Intra-Packet Time Stamfor Msg 1 (Bits 6348)

Intra-Packet Data Head&or Msg 1 (Bits 150)

Intra-Packet Data Head&wr Msg 1 (Bits 3116)
Byte 2 Byte 1

Filler (if N is Odd) Byte N

Intra-Packet Time Stamfor Msg N (Bits 150)

Intra-Packet Time Stamfor Msg N (Bits 3116)

Intra-Packet Time Stamfor Msg N (Bits 4732)

Intra-Packet Time Stamfor Msg N (Bits 6348)

IntrarPacket Data Head&wr Msg N (Bits 150)

Intra-Packet Data Head&wr Msg N (Bits 3116)
Byte 2 Byte 1

Filler (if N is Odd) Byte N
Packet Trailer

a. Message Packet Chanfgpecific Data WordThe packet bodyortion of eachmessage
data packebegins with 2&SDW. It indicates if thgpacket bodycontains several short
messagegype completd or one segment of a long messagpé segnened)

b. Complete Message Chansteecific Data WordThe CSDW is formatted for the
completetype of packet body as shownkigure11-46.

msb Isb
31 18 17 16 15 0
RESERVED | TYPE | COUNTER

Figurel1l-46. Complete Message Chansgbecific Data Word

 ReservedBits 31-18 arereserved.
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1 Type Bits 17-16indicate the type aferial packet

00= One or more complete messages
01=Reserved
10=Reserved
11=Reserved

1 Counter Bits 150 contain a binary value indicating the number of messages included
in the packet.

c. Segmented MessadChanneBpecific Data WordThe CSDWis formatted for the
segmerad type of packet body as showrFigure11-47.

msb Isb
31 18 17 16 15 0
RESERVED | TYPE | COUNTER

Figurel1l-47. Segmented Message ChanBeglecific Data Word

ReservedBits 31-18 arereserved.
1 Type Bits 17-16 indicatethe type ofserial packet

00 = Reserved

01 = Packet is a beginning of a long message 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 ofang message from a single source

1 Counter Bits 150 contain a binary value indicating the segment number of a long
messageTlhe number must start with 1 and must be incremented by one after each
packet The maximum length of a single long messagegigdbytegcombined with
the 16bit Message Length fieJdee descriptiom item dbelow).

d. Message Data IntrBacket HeadeAfter thechannelspecific datamessage daia
inserted into the packdtachmessagés preceded by aliPH that has both alPTSand
anlIPDH containing anessagéD word. The length of théPH is fixed at 12 bytes (96
bits) positioned contiguously, in the sequence shoviigare11-48.

msb Isb
31 0
Time (LSLW)

Time (MSLW)

MessageD Word

Figure11-48. Message Data IntrBacket Header

1 Intra-Packet Time Stam@ hese8 bytes indicate the time tag of tteessage data
First long word bits 3D and second long word bits-Blindicate the following
values

(3) The 48bit RTCthat corresponds to the first data bit in thessageavith bits 31 to
16 in the second long word zefitled; or
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g). The ime formatis indicated by bits 2 and 3 in tipacket flgs (Subsection
11.2.1.1item Q). The time tag shall be correlataalthe first data bit in thenessage

1 Intra-Packet Data HeadeFhe IPDH is an identification wordnjessag ID word) that

precedes the message and is inserted into the packet with the format skayunden

11-49.
msb Isb
31 30 29 16 15 0
DE | FE | SUBCHANNEL | MESSAGE LENGTH

Figurel11-49. IntraPacket Data Header Format

91 Data Error (DE)BIt 31 indicats bad data bits as determined by parity, checksums, or

cyclic redundancy cheakords received with the data.

0 = No dataerror has occurred
1 = Data error has occurred

1 Format Error (FE)BIt 30 indicates a protocol error, such as-ofdsequence data or

length errors

0 = No format error
1 = Formaterrorencountered

1 SubchannelBits 29-16 contain a binary value that represents the subchannel number
belonging to the message that follows then@dwhen thechannelD in the packet

header defines a group aftxhannelsZero means first and/or only subchannel.
1 Message LengttBits 150 contain a binary value representing the length of the

message in bytes) that follows the IDword. The maximum length of a message

(complete) or a message segment (segmeig&d)KB.

11.2.10 Video Packets

N OTV

This release contains an almost complete rewrite of the video data t
This release takes advantage o
capability to seHdocument its video structure. The current video type
attributes, bits and other fields are used for CH10/CH11 information

only. It documents what is here without having to read the TS direct

Formats O, 1, and 2 are al/l used to
slightly; Format O is a legacy format with atypical byte ordering options and limitations on the
size and quality of the video that can be carried, while Format 1 and Format 2 are synonymous,

although in previous editions of this standard each one imposed diffeséittions on their

usage.

carry

Format 3 has been deprecated, while Format 4 encodes video data as a sequence of
standalone image frames encoded using JPEG2000 compression. The latter should not be
confused with MPEG TSs using JPEG2000 compression, whidhbghahcapsulated in Format

2.
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N OTV

Care should be taken to avoid confusion when using abbreviations as mu
meanings may be inferred depeddin
could reasonably refer to a file format, one of two video compression stan

or one of several other technolog

11.2.10.1 Video Packets, Format Q€gacy)
Format O (Legacy) embeds MPEX5 TSs containing

fstandar d

DoD Motion Imagery Standards Board (MISB) Standard 140ZI#& format is restricted to TSs
containing Motion Imagery Standards Profile (MISP) 2020.1 Class 1 Motion Imagery for Legacy

Systems IAW MISP 2020.1, Subsection 3.6.3.4, TabBle 7.

The TSs carried using Format 0 (Legacy) are limited to a sprgigram TSAW MISB

ST 1402.2.

A packet with Format QLegacy)videodata has the basic structure showiiaile
11-38. Note that the width of the structure istmelated to any number of bifBhis figure is

merely intended to represent relative placement of data in the packet.

Table 11-38. General MPEG-2/H.264 Video Packet, Format O

Packet Header

ChannelSpecificData

(Optional) IntraPacket Header

188-Byte 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

PackefTrailer

a. Video Packet AudioAudio may be included in the TS IAW MISB ST 100%.1.

b. Video Packet Channd&pecific Data WordThe packet body portion of each Format O
packet begins with the CSDW, formatted as showrigare11-50. Note that the CSDW
bits are informative only, and indicators elsewhere (e.g., in the TS) should be taken as

definitive.

5 Motion Imagery Standards BoafdPEG-2 Transport of Compressed Motion Imagery and Metadatal402.2.

27 February 2014. May be superseded by update. Retreived 10 May 2021. Available at
https://gwg.nga.mil/misb/docs/standards/ST1402.pdf

7 Motion Imagery Standards Boandotion Imagery Standards ProfildISP-2020.1. October 2019. May be
superseded by update. Retreived 13 July 2021. Availablgpst//gwg.nga.mil/misb/docs/misp/MISE20.1.pdf

8 Motion Imagery Standards Boarludio EncodingST 1001.1. 27 February 2014. May be superseded by update.
Retrieved 10 May 2021. Availablathttps://www.gwg.nga.mil/misb/docs/standards/ST1001.1.pdf
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mshb Isb
31 30 29 28 24 23 22 0
R [IPH|SRS |RESERVED |BA | RESERVED
Figurel1l-50. Video Packet Chann&pecific Data Word
1 Reserved (R)Bit 31 is reserved. The functionality of this bit in previous versions is
available through the setup record.
1 Intra-Packet HeadeBit 30 indicates lPTSs are inserted before eathnsport
packet
0 = Intra-packet time not present
1 = Intra-packet time present
1 STC/RTC Sync (SRSBIt 29 indicates if th@'S system time cloc{STC)is based on

the packes RTC.

0= STC s not synchronized with thEO-MHz RTC
1= STCis synchronized with th#0-MHz RTC

The TS contaima single time source referred to as the STC, which is based en a 27
MHz clock. Timing synchronization between the video source and the video display

is managed by means of program clock reference (PCR) values inserted in the stream.
The 10MHz RTC in the Format O packet header is for the purposes of synchronizing
and timestamping data acquired from multiple input sources.

In order to relate the two different timing models, the video STC and the PCR time
values may be linked to the RTC reference source (by generatingME2B3TC
slaved to the :0/Hz RTC or vice versa).

For recording periods of less than 26.5 hours, fhé &n be directlicompared with
the RTC using the equation:

RTC=STC * 10/27 (rounded to nearest integer)

For recording periods longer than this, the Format O packet header time stamp can be
used to detenine the number of times tAe system clock referenc&CR) has
rolled over and calculate the upper 8 bits of the-freing countds value.

ReservedBits 2824 are reserved. The functionality of these bits in previous versions
is availablethrough the setup record.

Byte Alignment (BA) Bit 23 indicates the MPEQ@ data payload byte alignment
within 16-bit words.

0 = Little-endian as referenced kiqure11-51.
1 = Big-endian as referenced kigure11-52.
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msb Isb
15 0
TS Sync Byte (Bits @o 7) TS Data (Bits 8o 15)

TS Data (Bits 160 23) TS Data (Bits 240 31)

TS Data (Bits 14880 1495) | TS Data (Bits 14960 1503)
Figurell-51. Format O(Legacy)Video Frame Format, 1Bit Little-
Endian Aligned
msb Isb
15 0

TS Data (Bits 80 15) TS Sync Byte (Bits Q0 7)

TS Data (Bits 160 23)

TS Data (Bits 240 31)

TS Data (Bits 14960 1503) | TS Data (Bits 14880 1495)

Figurell-52. Format O(Legacy)Video Frame Formatl6-Bit Big-Endian
(Native) Aligned

1 ReservedBits 22-0 are reserved.
Intra-Packet Headelf enabled, théPH shall include a 6&it IPTS, which is inserted

immeditely before the TS sync pattefifne length of théPH is fixed at 8 bytes (64 bits)
positioned contiguously, iRigure11-53.

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

Figurel1l-53. Video Packet, Format O IntRRacket Header

1 Intra-Packet Time Stamf hese8 bytes indicate the time tag of the individugd
packetsNote that this time tag may not correspond precisely to an external event due
to the variable latency of video and audio compression systems. First long word
(LSLW) bits 310 and second long word (MSLW)ts 310 indicate the following
values.

(1) The 48bit RTC that will correspond to the first bit of the TBits 31 to 16 in the
second long word (MSLW) will be zero filled; or

(2) Theabsolute timeif enabled by bit 6 in thpacket flgs(Subsectiori1.2.1.litem
a). The ime formatis indicated by bits 2 and 3 in tipacket flgys (Subsectia
11.2.1.litemg). The time tag shall beorrelated tdahe first bit of the TS.

. Video Packet DataA Format O(Legacy)packet shall contain an integral numbe6af

1402.2compliant 188byte (1504 bitsY'S packets as illustrated fgure11-51 and
Figure11-52 (depending onhe kyte alignmen). The IPHs can be inserted in Forntat

video data packetTheChapter 11 header RTC refers to the first bit of the TS data in the
Chapter 11 packet.
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Each fixedlength 188byte TS packet contains arb@ sync bite with a value of
01000111 (0X47). The rest of the TS 187 data bytes willvio{lbable11-39).

Table 11-39. Format 0 MPEG-2/H.264 Video Data Packet

(Example is 16Bit Aligned)

mshb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

(Optional) IntraPacket Time Stamp

TS Sync Byte Data (Bits 1t 0)

TS Data (Bits 310 16)

TS Data (Bits 14870 1472)

TS Data (Bits 15030 1488)
(Optional) IntraPacket Time Stamp
TS Sync Byte Data (Bits 1 0)

TS Data (Bits 31to 16)

TS Data (Bits 14870 1472)
TS Data (Bits 15030 1488)

(Optional) IntraPacket Time Stamp
Repeafor each TS.

Packet Trailer

11.2.10.2 Video Packets, Format(Deprecatejl
Format 1 is deprecated and superseded by Format 2. Historically, Format 1 was used for

streams using MPEQ video encoding, while Format 2 was used for other codecs such as
H.264. Howeverstructurally the two formats are identical and either format might be used to

embed any video codec type.
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11.2.10.3 Video Packets, Format MIPEG-2 Stream
Format 2 encapsulates MPEXStreans, bothTSs IAW MISB ST 1402.2 and program

. stream$IAW ISO/IEC standard.38181'%ITU-T H.222.0* (Note that the ISO/IEC and ITFU
standards are harmonized and equivalent.)

a. MPEG2 Stream Packet Bodyrhe Format 2 packet has the basic structure shown in
Table11-40. An integral number of complete MPEZstream packets will be in each
Format 2 packetote that the width of the structure is not related to any number of bits
Thistableis merely intended to represent relative placement of data in the packet.

Table 11-40. General AVC/H.264 Video Packet, Format 2

Packet Header
ChannelSpecificData
(Optional) IntraPacket Header
MPEG-2 StreanPacket 1
(Optional) IntraPacket Header
MPEG-2 StreanPacket 2

(Optional) IntraPacket Header
MPEG-2 StreanPackemn
Packet Trailer

b. Video Packet AudioAudio may be included iiSs IAW MISB ST 1001.1. Audio may
also bencluded in program streams using mechanisms uncontrolled by this standard.
% c. Video Packet Metadatdhe TSKLV metadata, if utilized, will be IAW MISB ST 1402.2

and the related MISP requirements. The KLV metadata for program streams is
uncontrolled by thistandard.

d. Video PackeChannelSpecific Data WordThe packet bodyortion of eactMPEG-2
stream videdpegins with &CSDWformatted as shown iRigure11-54.

msb Isb

31 2726 2120 19 18 1312 11 0
R | RESERVED [SRS|[IPH | RESERVED |[TP |RESERVED

Figurell-54. MPEG2 StreantChannelSpecific Data Word

1 Reserved (R)Bits 31-27 are reserved for future use.

® The use of program streams is strongly discouraged as they are inherently designed for use with reliable, lossless
meda such as DVDs.

101S0O/IEC. Information technology Generic coding of moving pictures and associated audio information: Part 1:
System$ Technical Corrigendum.1SO/IEC 138181:2019/COR 1:2020. October 2020. May be superseded by
update. Retrieved 10 M&021. Available for purchase lattps://www.iso.org/standard/75928.html

I International Telecommunications Unidnformation technology: Generic coding of moving pictures and

associated audio infonation: SystemdTU-T REC.H.222.0. 29 August 2018. May be superseded by update.
Retrieved 10 May 2021. Available for purchase friottps://www.itu.int/rec/TREGH.222.6201808]I.
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ReservedBits 26-21 were used in previous editions of this standard, but have been
removed as having no meaning in this release.

SCR/RTC Sync (SRSBit 20 indicates whethhghe AVC/H.264 MPE& SCR is
RTC.

0 =SCR is not synchronized with ti® MHz RTC.
1=SCR is synchronized with tH&® MHz RTC.

The TSs contain a single time source, referred to as the STC, which is based on a 27
MHz clock. Timingsynchronization between the video source and the video display

is managed by means of PORSCR values inserted into the stream (PCR for TSs,
SCR for program streams). The-MHz RTC in the Format 2 packet header is for the
purposes of synchronizing arnthe-stamping data acquired from multiple input

sources.

In order to relate the two different timimgodels, the video STC and the PCR time
values may be linked to the RTC reference source (by generatingME23TC
slaved to the :0/MHz RTC or vice versa

For recording periods of less than 26.5 hours, the STC can be directly compared with
the RTC using the following equation.

RTC = STC * 10/27 (rounded to the nearest integer)

For recording periods longer than this, the Format 2 packet header time atabw® c
used to determine the number of times the TS SCR has rolled over and calculate the
upper 8 bits ofthefree unni ng counterdés value.

Intra-Packet HeadgilPH). Bit 19 indicats whetherlPHs are inserted before each
MPEG:-2 streanpacket

Undefined Bits 1813 were used in previous editions of this standard, but have no
meaning in this edition. Any value is permissible.

Type (TP) Bit 12 indicates the type of data the packetized AVC/H.264 MRHEG
stream contains.

0 = Transport datatrean
1 = Program datatream

ReservedBits 11-0 were used in previous editions of this standard, but have no
meaning in this edition.

. Intra-Packet Headeif enabled, théPH shall include a 6&it IPTS, which is inserted

immediately before thMIPEG-2 strean (transport or programY he length of théPH is

fixed at 8 bytes (64its) positioned contiguously, in the following sequertégyre

11-55).
msb Isb
31 0
Time (LSLW)
Time (MSLW)

Figurel1-55. Video Packet, Format 2 Intfaacket Header
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1 Intra-Packet Time Stamdhese8 bytes indicate the time tag of the individuEb
packet. Note that this time tag may not correspond precisely to an external event due
to the varable latency of video and audiompression systems. First long word

(LSLW) bits 310 and second long word (MSLW)ts 3120 indicate the following
values.

0 The 48bit RTCthat will correspond to the first bit of tMPEG-2 stream
data Bits 31 to 16 in the second long word (MSLW) will be zéled; or

o0 Theabsoluteime, if enabled by bit 6 in theacket flgs(Subsetion 11.2.1.1
item g). The ime formatis indicated by bits 2 and 3 in tipacket flgs
(Subsectioril.2.1.litemg). The time tag shall be correlatedthe first bit of
theMPEG-2 streanpacket.

11.2.10.4 Video PacketsFormat3 (Deprecatejl
Format 3is deprecated. Historically, Format 3 was intended for streams using Motion
JPEG encodinglhis format has been deprecatka to a lack of formal standardization and the
effective obsolescence of the encoding technique

11.2.10.5 Video PacketsFormat4 (MJPEG2000.

Format 4 video encoding will be IAW ISO/IEC 15432007 Motion JPEG 20086.A
set of images for this type with compatible parameters can be placed MttP&G2000video
packet as shown ihable11-41.

Table 11-41. MJPEG Video Packet, Format 4

msb Isb
15 0
PACKET HEADER
CHANNEL-SPECIFIC DATA (BITS 1850)
CHANNEL-SPECIFIC DATA (BITS 3116)
INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 18)
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 784)
INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 980)
FRAME BYTE 2 FRAMEBYTE 1

FILLER (IFnIS ODD) FRAME BYTE n

INTRA-PACKET HEADER FOR SEGMENT (BITS 150)
INTRA-PACKET HEADER FOR SEGMENT (BITS 31-16)
INTRA-PACKET HEADER FOR SEGMENT (BITS 4732)
INTRA-PACKET HEADER FOR SEGMENT (BITS 6348)

121SO/IEC. Information technology: JPEG 2000 image coding system: motion JPEG IBIEC 154443:2007
Geneva: International Organization for Standardiza69,7.
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INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 784)
INTRA-PACKET HEADER FOR SEGMENT (BITS 9580)
FRAMEBYTE 2 FRAMEBYTE 1

FILLER (IFnIS ODD) FRAME BYTE n
PACKET TRAILER

An MJPEG2000video packeshall contain one or more fixddngth segments of a
partialMJPEG2000frame one completéJPEG2000frame or multiple complete
MJPEG2000frames

MJPEG2000video packet informatiowill be specified in th&€SDW.

a. MJPEG2000Video Packet Chann&pecific Data WordThe packet body portion of
eachMJPEG2000video packet begins with @SDW. It indicates if thepacketbody
contains several complete imagegartial imagesHigure11-56).

msb Isb
31 30 29 28 27 26 0
PARTS [SUM |IPH | RESERVED

Figure11-56. MJPEG 2000 Video Packet Chamn@decific Data Word

1 PartsBits31-30 indicate which segment of tiramesis contained in the packet if
the packet does not contain one or more comfiiatees

00 = Packet does not contain first or last segmenfitamhe
01 = Packet contains first segmentfrdme

10 = Packet contains last segmenfraime
11=Reserved

1 Sum Bits 29-28 indicate if the packet contains a parfiiame thatspans multiple
packets, one copteteframe or multiple completérames

00 = Packet contains less than one compietme (a segment)
01 = Packet contains one compldétame

10 = Packet contains multiple compldtame

11 = Reserved

1 Intra-Packet Header (IPHBIit 27 indicates that th#°H (time stampdata) shall
precede each complete frame within a packet or the first segment of -@eguitent
frame An IPH (time stampis not required for a frame segment if it is not the first
segment of a frame.

0 = Intra-Packet Header not enabled
1 = Intra-Packet Header enabled

1 ReservedBits 26-0 are reserved.

b. MJPEG2000Video IntraPacket HeadeAfter the CSDW, the forma¥d MJPEG2000
video data (complete frame, multiple complete frarneframe segment) is inserted into
the packetThe frame shall be preceded bylBHR, whichshall provide the complete
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frame or first frame segmetiine stampand the frame lengtAhe IPH time stampvalue
indicates the time of the complete frame capture.

ThelPH consists of alPTSandintrapacketdata The length of théPH is fixed at 12
bytes (96 bits) positioned contiguously, in tbkowing sequenceHigure11-57).

msb Isb
31 0
TIME (LSLW)

TIME (MSLW)

FRAME LENGTH

Figurell-57. MJPEG Video IntrePacket Header

1 Intra-Packet Time Stam@@'IME). These8 bytes indicate the time tag of the Format
MJPEG2000video dataFirst long word bits 3D and second long word bits-81
indicate the following values:

0 The 48bit RTCthat corresponds to the first data bit in W&PEG2000
frame with bis 31 to 16 in the second long word zero filled or;

o0 Theabsolutetime, if enabled by bit 6 in theacketflags Subsectiori1.2.1.1
item g). The ime format is indicated by bits 2 and 3 in flaeketflags
(Subsectioril1.2.1.litemg). The time tag shall be correlatedthe first data
bit in theMJPEG2000frame.

1 Intra-Packet DataKRAME LENGTH). Thesed bytes indica¢ a binary value that
represents the byte lengthtb&following complete frame.

11.2.11 Image Packets

11.2.11.1 Image Packets, Format(Image Data)

A Format Oimage packefTable11-42) shall contain one or more fixdength segments
of one or more video imageBhe CSDWfor an image packet identifies the number of segments
in the packet and the portion of the image or iesagpontained in the packétthe optionallPH
is not included with each segment, RE€C in the packet header is the time of the first segment
in the packet.

Table 11-42. Image Packet, Format O

msb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Optional IntraPacket Headeor Segment 1 (Bits 1B)

Optional IntraPacket Headdor Segment 1 (Bits 316)

Optional IntraPacket Headeor Segment 1 (Bits 432)

Optional IntraPacket Headeor Segment 1 (Bits 638)
Byte 2 Byte 1
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Filler (if N is Odd) | Byte N

Optional IntraPacket Headdor Segment N (Bits 1-B)

Optional IntraPacket Headdobr Segment N (Bits 31.6)

Optional IntraPacket Headdor Segment N (Bits 482)

Optional IntraPacket Headdor Segment N (Bits 638)
Byte 2 Byte 1

Filler (if N is Odd) Byte N
Packet Trailer

a. ImagePacket Channebpecific Data WordThe packet bodyortion of eachmage
packetbegins with &CSDW. It defines the byte length of each segment and indicates if
the packet bodycontains several complete images or partial images, and whether or not
thelPDH precedes each segmehigure11-58).

msb Isb
31 30 29 28 27 26 0
PARTS |SUM |IPH|LENGTH

Figurel1l-58. Image Packet Chann8lpecific Data Word

1 Parts Bits 31-30indicate which piece or pieces of the video frame are contained in
the packet.

00 = Packetdoes not contaifirst or last segment of image
01 = Packet contains first segment of image

10 = Packet contains last segment of image

11 = Packet contains both first and last segment of image

1 Sum Bits 29-28 indicate if the packet contains a partial image, one compieigei,
multiple complete images, or pieces from multiple images.

00 = Packet contains less than one complete image
01 = Packet contains one complete image

10 = Packet contains multiple complete images
11 = Packet contains multiple incomplete images

1 Intra-Packet Heade(IPH). Bit 27 indicates whether tHE'H (time stamp precedes
each segment of the image.

0= The IPHnot enabled
1= The IPHenabled

1 Length Bits 260 indicate a binary value that represents the byte length of each
segment.

b. Image IntraPacket Kader After thechannelspecific dataFormat Gmage datas
inserted into the packdfach block of data is optionally preceded byRiH as indicated
by the IPH bit in the€SDW. When included, th&H consists of atPTSonly. The
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length of thePH is fixed at 8 bytes (64its) positioned contiguously, in the following

sequenceRigure11-59).
msb Isb
31 0
Time (LSLW)
Time (MSLW)

Figurel1l-59. Image Data Intr&Packet Header, Format O

1 Intra-Packet Time Stamf hese8 bytes indicate the time tag of the Formahtage

data First long word bits 3D and second long word bits-Blindicate thedllowing
values.

(0]

(0]

The 48bit RTCthat corresponds to the first data bit in the first byte with bits
31 to 16 in the second long word z4ilted; or

Theabsolute timeif enabled by bit 6 in thpacket flgs(Subsectioril.2.1.1
item g). The ime formatis indicated by bits 2 and 3 in tipacket flgs
(Subsectioril.2.1.litemg). The time tag shall be correlated to the first data
bit in the image or segment.

11.2.11.2 Image Pakets, Format 1 (Still Imagery)

A Format limage packe{Table11-43) shall contain one or more fixdength segments
of a partialstill image one completstill image or multiplestill images Thestill imagesource
can be external or internal to the recordére still imageformats will be specified in theSDW
and in the ComputeGenerated Data, Formas&up recordfor eachstill imagery channelOnly
one format can be contained within eatiannel 1D forstill imagery.

Table 11-43. Still Imagery Packet, Format 1

msb
15

Isb

Packet Header

ChanneliSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Intra-Packet Headeor Segment 1 (Bits 1)

IntrarPacket Headeior Segment 1 (Bits 316)

Intra-Packet Headeor Segment 1 (Bits 432)

Intra-Packet Headeor Segment 1 (Bits 638)

Intra-Packet Headeior Segment 1 (Bits 784)

Intra-Packet Headeior Segment 1 (Bits 980)

Byte 2

Byte 1

Filler (if N is Odd) Byte N

Intra-Packet Headeior Segment N (Bits 14D)

Intra-Packet Headeior Segment N (Bits 31.6)

Intra-Packet Headdor Segment N (Bits 482)
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Intra-Packet Headefior Segment N (Bits 638)

Intra-Packet Headeior Segment 1 (Bits 784)

Intra-Packet Headeor Segment N (Bits 980)
Byte 2 Byte 1

Filler (if N is Odd) Byte N
Packet Trailer

a. Still Imagery Packet Chann8lpecific Data WordThepacket bodyortion of eactstill
image packebegins with &£SDW. It defines the format of th&till imagey format
(which will coincide with thestill imagery format with thesetup record, and indicates if
the packet bodycontains several complete images or partial imalgesi(e 11-60).

msb Isb
31 30 29 28 27 26 23 22 0
PARTS | SUM | IPH | FORMAT | RESERVED

Figurel1-60. Still Imagery Packet Chann&lpecific Data Word

1 Parts Bits 31-30 indicate which piece or pieces of the image are contained in the
packet.

00 = Packetdoes not contaifirst or last segment of image
01 = Packet contains first segment of image
10 = Packet contains last segment of image
11 = Packet contains both §irand last segment of image

1 Sum Bits 29-28 indicate 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 = Packet contains one compléteage

10 = Packet contains multiple complete images
11 = Packet contains multiple incomplete images

1 Intra-Packet HeadglPH). Bit 27 indicates whether tHE'H (time stamp precedes
each segment of the image.

0= The IPHnot enabled
1= The IPHenabled

1 Format Bits 26-23 indicate a binary valubatrepresents thstill image format

0000= MIL -STD-2500" National Imagery Transmission Format
0001= JPEG File Interchange Format

BDepartment of Defense. ANati onal | 188D2BO0F wW/dhangenZs mi s si on
January 2019. May be superseded by update. Retrieved 17 May 2021. Available at
https://quicksearch.dla.mil/gsDocDetails.aspx?ident number=112606
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0010= JPEG 2000 (ISO/IEC 154414
0011= Portable Network Graphics Format
0100-1111= Reserved

1 ReservedBits 22-0 are reserved.

b. Still Imagery IntraPacket HeadeAfter thechannelspecific dataFormat 1still imagery
datais inserted into the packdfach still image or segment is preceded byPdh The
IPH consists of atPTS andintra-packet dataThe length of théPH is fixed at 12 bytes
(96 bits) positioned contiguously, in the following sequertdgyrel11-61).

msb Isb
31 0
Time (LSLW)

Time (MSLW)

Intra-Packet Data

Figurel1-61. Still Imagery IntraPacket Header

1 Intra-Packet Time Stam@ hese8 bytes indicate the time tag of the Formastill
imagery data First long word bits 3D and second long word bi3d-0 indicate the
following values.

0 The 48bit RTCthat corresponds to the first data bit in the still image or
segment with bits 31 to 16 in the second long word-fiteal; or

0 Theabsolute timeif enabled by bit 6 in thpacket flgys (Subsectiori1.2.1.1
item g). The ime format is indicated by bits 2 and 3 in pecket flgs
(Subsectioril.2.1.litemg). The time tag shall beorrelated tdhe first data
bit in the still image or segment.

1 Intra-Packet DataThesed bytes indicate a binary value that represents the byte
length ofthefollowing still image or segment.

11.2.11.3 Image Packets, Format 2 (Dynamic Imagery)

A Format 2image m@acket(Table11-44) shall contain one or more fixdength segments
of a partialdynamic imageone completéynamic imageor multiple completelynamicimages
Typically dynamic imagepackets will be created from cameras attached to a recorder or cameras
thatinclude a recording capability.

Table 11-44. Dynamic Imagery Packet, Format 1

msb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

141S0/IEC. Information Technology JPEG 2000 Image Coding System: Core Coding Sy$8DiIEC 15444
1:2016. October 2016. Revised by ISO/IEC 15442019. Retrieved 17 May 2021. Revised version available for
purchase attps://www.iso.org/standard/78321.html
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ChannelSpecificData (Bits 3116)

Intra-Packet Headeior Segment 1 (Bits 1)
Intra-Packet Headdor Segment 1 (Bits 316)
Intra-Packet Headeor Segment 1 (Bits 432)
Intra-Packet Headdor Segment 1 (Bits 638)
Intra-Packet Headdor Segment 1 (Bits 7#84)
Intra-Packet Headeor Segment 1 (Bits 980)

Image Byte 2 Image Byte 1

Filler (if nis Odd) Image Byte N

Intra-Packet Headdor Segment N (Bits 1:D)
Intra-Packet Headdor Segment N (Bits 316)
Intra-Packet Headdor Segment N (Bits 4382)
Intra-Packet Headeor Segment N (Bits 648)
Intra-Packet Headdor Segment 1 (Bits 784)
Intra-Packet Headeor Segment N (Bits 9%80)

Image Byte 2 Image Byte 1

Filler (if nis Odd) Image Byte N
Packet Trailer

Each source alynamic imagry (camera or sensor) shall have its own individual channel
ID value Multiple sources oflynamic imagry (camera or sensor) shall not share the same
channel ID valueDynamiclmagey, Format 2 is defined as image d#tathas a rate as
opposed to Formatsitill imagery, which does not.

Dynamicimageinformation will be specified in thESDWand in the Compet-
Generated Data, Formas&up recordfor eachdynamic imagry channelOnly onedynamic
imagery format can be defined for each Formanage packethannel ID.

If changes are made to the initthlnamic imagry channel settings in the Computer
Generated Data, Formatdtuprecord a new setup record packet shall be created prior to any
Format 2imagepackets to which the new settings are applléetse changes shall be noted as a
setuprecordconfigurationchange in the Comput&enerated Datd;ormat 1setuprecord
CSDW.

a. Dynamic Imagery Packet Chansf@becific Data WordThe packet body portion of each
dynamic image packétegins with &CSDW. It defines the format of theéynamic
imagery format (which will coincide with thdynamic imagry formatwith theseup
record and indicates if thpacket bodycontains several complete images or partial

images Figurel1-62).

msb Isb
31 30 29 28 27 26 21 20 0
PARTS |SUM |IPH | FORMAT | RESERVED

Figurel1-62. Dynamic Imagery Packet Chanf@pecific Data Word

11-82
DISTRIBUTION A: APPROVED FOR PUBLIC RELEASE



T

T

1

Telemetry Standards, IRIG Standdi@6-22, Chapter 1, May 2022

Parts Bits 31-30 indicate which segment of the image is contained in the packet if the
packet does not contain one or more complete images.

00 = Packet does not contain first or last segment of image
01 = Packet contains first segment of image

10 = Packet containsakt segment of image

11=Reserved

Sum Bits 29-28 indicate if the packet contains a partial imdgspans multiple
packets, one complete image, or multiple complete images.

00 = Packet contains less than one complete image (a segment)
01 = Packet contas one complete image

10 = Packet contains multiple complete images

11 = Reserved

Intra-Packet HeadglPH). Bit 27 indicates that th#°H (time stampdatg shall

precede each complete image within a packet or the first segment of aegutignt
image Thetime stampapplied to each complete image or first segment of an image is
dependent on thitme stampmode as defined iBubsection11.2.11.3temb. An IPH

(time stamp is not required for an image segment if it is not the first segment of an
image.

0= The IPH isnot enabled
1= The IPH isenabled

Format Bits 26-21 indicate a binary valubatrepresents thdynamic imageixel
format IAW GenlCam Standard Features Naming ConventiortidrSater and
GigE Vision v1.2%or later.

0x00= Mono8

0x01= Mono8Signed
0x02=Monol10

0x03= Monol0OPacked
0x04= Mono12

0x05= Monol2Packed
0x06= Mono14
0x07=Monol6

0x08= BayerGRS8
0x09 = BayerRG8
Ox0A = BayerGB8
0x0B = BayerBGS8
0x0C = BayerGR10
0x0D = BayerRG10
OxOE = BayerGB10
OxOF = BayerBG10

15 European Machine Vision AssociatidBenlCam Standard Features Naming Conventi¢ersion 1.5. November
2011. Retrieved 17 May 2021. Availablehdtp://www.emva.org/wgrontent/uploads/GenlCam_SENC_1_5.pdf

16 Automated Imaging Associatio@iGE Vision Versionl.2. n.d. Retrieved 17 May 2021. Available for download
with registration ahttps://www.automate.org/a@ntent/visionstandardsall-standarddorms
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0x10 = BayerGR12

0x11 = BayerRG12

0x12 =BayerGB12

0x13 = BayerBG12

0x14 =BayerGR10Packed
0x15= BayerRG10Packed
0x16= BayerGB10Packed
0x17=BayerBG10Packed
0x18= BayerGR12Packed
0x19= BayerRG12Packed
0x1A = BayerGB12Packed
0x1B = BayerBG12Packed
0x1C= BayerGR16

0x1D = BayerRG16

Ox1E =BayerGB16

Ox1F = BayerBG16
0x20= RGB8Packed

0x21 =BGR8Packed
0x22= RGBA8Packed
0x23=BGRA8Packed
0x24=RGB10Packed
0x25=BGR10Packed
0x26= RGB12Packed
0x27=BGR12Packed
0x28= RGB16Packed
0x29=BGR16Packed
0x2A = RGB10V1Packed
0x2B=BGR10V1Packed
0x2C=RGB10V2Packed
0x2D =BGR10V2Packed
0x2E= RGB12V1Packed
0x2F=RGB565Packed
0x30=BGR565Packed
0x31=YUV41l1lPacked
0x32=YUV422Packed
0x33=YUV444Packed
0x34=YUYVPacked
0x35= RGB8Planar
0x36=RGB10PIlanar
0x37=RGB12Planar
0x38= RGB16Planar
0x39-0x3E= Reserved
0x3F= Devicespecific

1 ReservedBits 20-0 are reserved.

b. Dynamic Imagery Intrd&?acket HeadeAfter the CSDW, theFormat 2dynamicimagey
data (complete image, multiple complete imagesmage segment inserted intohe
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packet The image shall be preceded bylBHi; thisIPH shall provide the complete
image or first image segmetiine stampand the image lengtihe IPH time stampvalue
indicates the time of the complete image at sensor/camera capture.

The imagdime dampcharacteristics are further defined within the setup redgndmic
imagery packet channel attributd3ue to the fact thatynamic imagry may be captured
and then packetized pesaipture there maybe uniqueness in regards to time stamping of
the dataversus packet header/secondary header values related to the first bit of data
within the packet as defined in sectdri.2.1.litemi and11.2.1.2itema. Individual
imagelPH time stampmodes are defined as follows.

(1) Image Capture Timéhe IPH TIME value corresponds to the RTC or absolute
time when the image was captured by the sensor/cafrteggpacket header
RTC/packet secondary header values indicate when the first bit of data is placed
into the packetWhen Image Capture Time mode is indicated in the setup record it
is understood there is a delay period between packet hR&ad#secondary header
time and IPH tne.

(2) Image Packetization Tim&he IPHTIME value corresponds to tii&TC or
absolute timavhen the image was packetizdthe packet header RTC/secondary
header values indicate when the first bit of data is placed into the pacige
packetization time is defined as packetizing image data as it is captured by the
sensor/camerdVhen Image Packetization Time mode is indicated in the setup
record it is understood there is not a delay period between packet header
RTC/secondary header timmad the imagéPH time.

ThelPH consists of alPTSandintra-packet dataThe length of théPH is fixed at 12
bytes (96 bits) positioned contiguously, in the following sequeficeie11-63).

msb Isb
31 0
Time (LSLW)
Time (MSLW)
Image Length

Figurel1l-63. Dynamic Imagery IntrdPacket Header

1 Intra-Packet Time Stamp (TIMEYTheseB bytes indicate the time tag of the Format 2
dynamic imagry data as defined Bectionl11.2.11.3tem b. First long word bits 31
0 and second long word bits-Blindicate the following values.

0 The 48bit RTCthat corresponds to the first data bit in tygpamic image
with bits 31 to 16 in the secondnig word zerefilled; or

o0 Theabsolute timeif enabled by bit 6 in thpacket flgs(Subsectior11.2.1.1
itemg). The ime format is indicated by bits 2 and 3 in ffacket flas
(Subsectioril.2.1.litemg). The time tag shall be correlatedtbe first data
bit in thedynamicimage.

1 IntraPacket Data (IMAGE LENGTH)rhese4 bytes indicde a binary value that
represents the byte letngof following complete image.
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11.2.12 UART Data Packets

11.2.12.1 UART Data Packets, Format O

The data from one or more separate asynchronous serial communication interface
channels (R232, RS422, RS485, etc) can be placed into a UARJatapacket as shown in
Table11-45. Note that 9 bit UART data is not supported by this format.

Table 11-45. UART Data Packet Format

msb Isb
15 0
Packet Header
ChannelSpecificData (Bits 150)
ChannelSpecificData (Bits 3116)
(Optional) IntraPacket Time Stamfor UART 1 (Bits 150)
(Optional) IntraPacket Time Stamfor UART 1 (Bits 3116)
(Optional) IntraPacket Time Stamfor UART 1 (Bits 4732)
(Optional) IntraPacket Time Stamfor UART 1 (Bits 6348)
Intra-Packet Data HeadeW ART ID) for UART 1 (Bits 150)
Intra-Packet Data HeadeW ART ID) for UART 1 (Bits 3116)
Byte 2 Byte 1

Filler (if nis Odd) Byte N

(Optional) IntraPacket Time Stamfor UART N (Bits 150)

(Optional) IntraPacket Time Stamfor UART N (Bits 31:16)

(Optional) IntraPacket Time Stamfor UART N (Bits 4732)

(Optional) IntraPacket Time Stamfor UART N (Bits 6348)

Intra-Packet Data Heade ART ID) for UART N (Bits 150)

Intra-Packet Data Heade ART ID) for UART N (Bits 31-16)
Byte 2 Byte 1

Filler (if nis Odd) Byte N
Packet Trailer

a. UART Packet Channébpecific Data WordThe packet bodyportion of each UARTata
packetbegins with &CSDWas shown irkigure11-64.

msb Isb
31 30 0
IPH | RESERVED

Figurell-64. UART Packet Chann&bpecific Data Word

1 IntraPacket HeadeBit 31 indicates whether tHEH time stamps inserted before
the UART ID words.

0 = The IPH time stampot enabled
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1= The IPH time stampnabled
1 ReservedBits 30-0 are reserved.

b. UART IntraPacket HeadeAfter thechannelspecific dataUART data isnserted into
the packetEach block of data shall be preceded byRihwith optionallPTSand a
mandatory UART IDword IPDH The length of théPH is either 4 bytes (3Rits) or 12
bytes (96bits) positioned contiguously, in the following sequeritigyre11-65).

mshb Isb
31 0
Time (LSLW)

Time (MSLW)

UART ID Word

Figure11-65. UART Datalntra-Packet Header

1 UART IntraPacket Time Stamdhese8 bytes indicate the time tag of the UART
data First long word bits 3D and second long word bits-Blindicate the following
values.

0 The 48bit RTCthat corresponds to the first data bit in thetfiryyte with bits
31 to 16 in the second long word z4ilted; or

0 Theabsolute timeif enabled by bit 6 in thpacket flgys (Subsectiori1.2.1.1
itemq). The ime format is indicated by bits 2 and 3 in pecket flgs
(Subsectioril.2.1.litemg). The time tag shall be correlatedthe first data
bit in themessage

1 UART Intra-Packet Data HeadefhelPDH is aUART ID wordthat precedes the
data and is inserted into the packet with the following forinatusion of thd PDH
is mandatory and is not controlled by the IPH bit in@8DbW (Figure11-66).

msb Isb
31 30 29 16 15 0
PE | RESERVED | SUBCHANNEL | DATA LENGTH

Figurel1-66. Intra-Packet Data Header Format

o Parity Error (PE)BIt 31 indicates garity error.

0 = No parity error
1 = Parityerror

0 ReservedBit 30 is reserved.

o0 SubchannelBits 2916 indicate a binary value defining the subchannel
number belonging to the data that follows the UART™W®&rd when the
channelD in thepacket header defines a group of subchandei® means
first and/or only subchannel into which tHeDH is inserted before the UART
ID words.

o Data LengthBits 150 indicate a binary value representing the length of the
UART data in bytesn) thatfollows the UART ID word.
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11.2.13 IEEE 1394 Data Packets

11.2.13.1 IEEE 1394 Data Packets, FormatBEE 1394 Transaction)

This format applies ttEEE 1394 data as described EBEE 13942008'" The IEEE
1394 data is packetized to encapsulate completed transactions betdesA packet may
contain 0 to 65,536 transactions, but is constrained by the common packet element size limits
prescribed irBubsectioril.2.1 The IEEE1394 packets have the basic structure showrabie
11-46. Note that the width of the structure is not related to any number of bgsablemerely
represents relative placement of data within the packet.

Table 11-46. |IEEE 1394 Data Packet, Format O

Packet Header

ChannelSpecificData Word

(Optional) IntraPacket Header

(Optional)Transaction Data

(Optional) IntraPacket Header

(Optional) Transaction Data

(Optional) IntraPacket Header

(Optional) Transaction Data

Packet Trailer

a. |[EEE 1394 Channebpecific Data WordThe packet body portiorFigure11-67) of each

IEEE 1394 packet shall begin withGSDW.

msb Isb
31 29 28 25 24 16 15 0
PBT | SY | RESERVED | TC

Figurell-67. |IEEE 1394 Channebpecific Data Word

1 Packet body Type (PBTBIts 31-29 indicate the packet body type as follows:

000=Type O
001=Type 1
010=Type 2
011- 111= Reserved

1 Synchronization Code (SYBits 2825 indicate theEEE 1394synchraizationcode

from the transactiarThis field is mandatory for Type 1 packet bodi@sherwise, it
is reserved.

ReservedBits 24-16 are reserved.

Transaction Count (TCBits 150 indicae the binary value of the number of

transactions encapsulated in the packatintegral number of complete transactions

7 nstitute ofElectrical and Electronics Engineel&8EE Standard for a HighPerformance Serial BUsEEE 1394
2008. New York: Institute of Electrical and Electronics Engineers, 2008.
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shall be included in each packktis mandatory tharansaction courtte O for Type
0 packet bodies and 1 for Type 1 packet bodies.

IEEE 1394 IntraPacket HeadeEachIPH shall contain an-®yte IPTSonly. The format

of anlEEE 13941PH is described by¥igure11-68.

msb Isb
31 0

Intra-Packet Time Stamp

Intra-Packet Time Stamp
Figurel1l-68. |IEEE 1394 IntraPacket Header

1 IEEE 1394 IntraPacket Time Stam@ hese8 bytes indicate the time tag of thEEE
1394 transaction thanmediately follows it in the packefime is codedAW all
other Chapter ILpacket formatsSpecifically, the first long word bits 32 and
second long word bits 3Q indicate the following values.

0 The 48bit RTCthat corresponds to the first data bitloé transaction, with
bits 3116 in the second long word zefibed; or

0 Theabsolute timeif enabled by bit 6 in thpacket flgs(Subsectiori1.2.1.1
item ). The ime format is indicated by bits 2 and 3 in frecket flas
(Subsectioril1.2.1.litemg). The time tag shall be correlatedtbe first data
bit of the transaction.

IEEE 1394 Data Packet Body Typd$iree packet body types are defined for the
encapsulation ofEEE 1394 dataRegardless of type, each packet body shall begin with
thelEEE 1394packet CSDWAs described b8ubsectiori1.2.13.litem aabove The
packet body type is indicated within t&&DW. Depending on the packet body type, the
CSDWis followed by 0 or more transactioris addition, dependent on packet body
type, eachrainsaction may be preceded byl@Hl.

1 IEEE 1394 Packet Body Type 0: Bus Stafygpe 0 packet bodies shall contain zero
IPHs and zero transactiariBhe CSDW transaction coushall be zeroThe packet
body shall contain thESDWimmediately followed by aisgle 32bit word.

Busstatusevents shall be encapsulated by Type 0 packet bddies32bit word in
the packet body shall contain ement data words indicated irfrigure11-69.

msb Isb
31 30 0
RE | RESERVED

Figure11-69. IEEE 1394 Event Data Word

0 RESET (RE)BIt 31, when set, indicates that #8EE 1394bus resehas
occurred.

0 RESERVED Bits 300 are eserved.

1 IEEE 1394 Packet Body Type 1: Data streaminge 1 packet bodies shall
encapsulatéEEE 1394 data streaming onlyype 1 packet body data is restricted to
that from anEEE 1394 packet with &ransaction codef OxA, be it from an
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isochromous channebr asynchronous streamhe packet body shall contain zero
IPHs and one transactiohhe CSDW transaction coushall be one.

The CSDWis immediately followed by a nerero number of data byteébhe data
bytes shall be exactly those of a sinf&E 1394 data block, excluding theEE

1394 packet header addta blockCRC. Data recorded from the stream shall be
known to be valid, insofar as both theEE 1394headelICRC anddata blockCRC

tests have passethe number of data bytes shall be dkafour less than the value
indicated indatalengthlAW the definition ofpacket header data lengihd

accounting for the size of tl@SDW. Conversely, the value stored in thacket

header dataehgth shall be the number of bytes in BEBEE 1394 data block plus

four. Thesynchronizatiorcode(SY) from the stream packet shall be indicated in the
CSDW, and thechannel numbeshall be indicated in thgacket header channé@.

1 IEEE 1394 Packet Bodyype 2: GeneraPurposeType 2 packet bodies encapsulate
completelEEE 1394 packets, including header and ddise of Type 2 packet bodies
is unrestricted and may encapsulate streamingstreaming IEEE 1394 packets
with transaction coels other thanX®?\), isochronous, and asynchronous ditaltiple
IEEE 1394 packets, with differinyansaction coels ancchannel numbrs, may be
carried within a single Type 2 packet body.

The CSDWshall be followed by a nerero number of completed transactions as
indicated by theaCSDW transaction counEach transaction shall be preceded by an
IPH as defined above fdEEE 1394data packes. Immediately following théPH,

the transaction shall be recorded in its entirety and must be a properly i&Eted
1394 packetAW the specification in us&he revision of the specification used shall
be declared within the accompanysepp recordpacket.

NOTV All IEEE 1394 packets contain abdt Transaction

Code field (tcode)This field indicates théEEE 1394
specific format othe transaction.

11.2.13.2 IEEE 1394 Data Packets, FormatlEEE 1394 Physical Layer)

This format applies ttEEE 1394 data as described BBEE 13941995,IEEE 1394,
andIEEE 1394bThe IEEE1394 data is packetized in Format 1 packefshgsicallayer data
transfers (IAW Annex J of Standard 139295 and Chaptel7 of Standard39462002°). A
packet may contain 0 to 65,536 transfers, but is consttdig the common packet elemsize
limits prescribed irsubsectioril.2.1 The IEEE1394 packets have the basic structure shown in
Table11-47 below. Note that the width of the structure is not related to any number oThés
drawing merely represents relative plaent of data within the packet.

8 |nstitute of Electrical and Electronics Engine¢EEE Standard for a High Perfornmae Serial BuslEEE 1394
1995. New York: Institute of Electrical and Electronics Engineers, 1995.

19 nstitute of Electrical and Electronics Engine¢EEE Standard for a High Performance Serial Bus: Amendment
2. IEEE 1394k2002. New York: Institute of Ektrical and Electronics Engineers, 2002.
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Table 11-47. |IEEE 1394 Data Packet, Format 1

Packet Header
ChannelSpecificData Word
Intra-Packet Header

Data

(Optional) IntraPacket Header
(Optional) Data

(Optional) IntraPacket Header
(Optional) Data
PackefTrailer

a. |[EEE 1394 Channebpecific Data WordThe packet body portiorFigure11-70) of each
IEEE 1394 packet shall begin withGSDW.

msb Isb
31 16 15 0
RESERVED | IPC

Figurell-70. IEEE 1394 Channebpecific Data Wordi-ormat 1

1 ReservedBits 31-16 are reserved.

Intra-Packet Count (IPCBits 15-0 indicate the binary value of the numbeirafa-
packes encapsulated in ti@&hapter 1 packet An integral number of completetra-
packes shall be included in ea@hapter 1 packet.

b. IEEE 1394 Format 1 IntrRacket HeadeiThe CSDWis followed by 1 or moréEEE
1394 transfersEach transfer starts with #RH, followed by 032,780 encapsulated data
bytes The length of théPH is fixed atl2 bytes (96 bits) positioned contiguously, in the
following sequence as shownhigurel1-71.

msb Isb
31 0
Intra-Packet Time Stamp
Intra-Packet Time Stamp
Intra-Packet D Word

Figurell-71. 1EEE 1394 Format 1 IntrRacket Header

1 IEEE 1394 Format 1 IntrRacket Time Stam@hese8 bytes indicate the time tag of
the [EEE 1394 transfer that immediately follows it in the pacKéme is codedAW
all other Chapter ILpacket formatsSpecifically, the first long word bits 32 and
second long word bits 3Q indicate the following values.

0 The 48bit RTCthat corresponds to the first data byte of the transfer, with bits
15-0 in the second long word zefitied; or

o0 Theabsolute timeif enabled by bit 6 in thpacket flgs(Subsectior11.2.1.1
itemg). The ime format is indicated by bits 2 and 3 in ffacket flas
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(Subsectioril.2.1.litemg). The time tag shall be correlated to fhist data
byte of the transfer.

1 Message ID WordThese4 bytes areanID word that precedes the message and is
inserted into the packet ashigure11-72.

msb Isb
31 24 23 20 19 18 17 16 15 0

STATUS BYTE | SPEED | TRFOVF | LBO | RSV [ DATA LENGTH

Figurell-72. Intra-Packet Data HeadeiMessage IDNord

o Status ByteBits 31-24 definethe status byte received from thleysical layer
devices!AW IEEE 1394b pecification.

o Transmission Speed (SPEEB)ts 2320 identify the speed of transmission
of the messagéSpeed codes IAVIEEE 1394b

0000=S100 A
0001=S100B
0010=S200 A
0011=S200B
0100=S400 A
0101=S400B
0111=S800 B
1001=S1600 B
1010=S3200 B

Other values are reserved

o Transfer Overflow Error (TREOVFBIts 19-18 indicateif a transfer
synchronization error occurred.

00 = IEEE 1394flow did not exceed maximumtra-packet size

01=This IEEE 1394transfer started correctly but longer than the standard
transfer length.

10=The previoudEEE 1394 transfer was in eype owerflow and this
IEEE 1394 transfer ended correctly (did not exceed standard transfer
length).

11 =The previousEEE 1394 transfer was Dil-type overflow and this
IEEE 1394transfer did not end correctly (exceeds standard transfer
length).

Most ofthe time, this field shall b@0. Possible combinations ar@l intra-
packet, zero or more; ldtra-packet; and finally 1@htra-packet.

o Local Buffer Overflow (LBO) Bit 17, if set,indicates thasome messages are
lost before this transfer due to local buffeedlow.

0 Reserved (RSVpBIt 16 is reserved.

o Data LengthBits 150 contain a binary value that represents the length of the
transfer in bytesn) that follows the IDword. The maximum length of a

1192
DISTRIBUTION A: APPROVED FOR PUBLIC RELEASE



Telemetry Standards, IRIG Standdi@6-22, Chapter 1, May 2022

captured data is 4120 for transfers cquoggling to asynalonous packetand
32,780 for transfers corresponding to isochronous packets

If the data lengtHield is not a multiple of 4 bytes;3 fill bytes of 0x00 are
added to maintain the paclsttuctures in 3it boundary.

If the data lengtHield contains Otheintra-packet datas not provided and
this word contains only the status byte information.

c. |IEEE 1394 Format 1 Packet Badyhe packet body shall encapsullE&E 1394
isochronous or asynchronous message damdata bytes shall be exactly those of a
singlelEEE 1394 physical transmission message, includindeb# 1394 packet header
anddata blockCRC. Thedata lengttiield shall indicate the exact number of total bytes
encapsulated in thmessage data

11.2.14 Pardlel Data Packet

11.2.14.1 Parallel Data PackeformatO

Parallel data packets are designed to record data from parallel interfd@SKR wide)
including the industry de facto standarthi8Digital Cartridge Recording Systeirincremental
(DCRsi interface A single packet can hold data words or special data structures as currently
defined for the DCRsi scan formdhe exact format selection is defined in @8DW. The data
recorded from a parallel interface shall be placed into a Parallel Data FamkeatO as shown
in Table11-48.

Table 11-48. Parallel Data Packet, Format O

msb Isb
15 0
PacketHeader

ChannelSpecificData (Bits 150)
ChannelSpecificData (Bits 3116)
Data Word 1

Data Wordn
Packet Trailer

a. Parallel Packet Chann8pecific Data WordThe packet bodyortion of eaclparallel
data packebegins with &£SDW. The CSDWis formatted as shown ifigurel11-73.

msb Isb
31 24 23 0
TYPE \ RESERVED (0) OR SCAN NUMBER

Figurell-73. Parallel Packet Chann&lpecific Data Word

1 Type Bits 31-24 indicate the data type stored

0x01- 0x00:Reserved
0x80- 0x02: Number of bits of recorded data (parallel data word width in bits)
OxFD- 0x81: Reserved
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OxFE:DCRsi scan format, contains auxiliary data, DCRsi main data
OxFF:Reserved

1 Scan NumbeBits 23-0 arereserved (0) for generalurpose parallel data packets or
contain the scan number of the first scan stored in the packet for DCRsi data.

b. GeneralPurpose Pallel Data Generalpurpose parallel data packets cantain any

number of data byteas indicated in thdata lengtHield in thepacket heads (Figure
11-74).

msb Isb
15 0
Pad |Data Word 2 Pad |Data Word 1

Pad | Data Wordn, or Padif Lengthis Odd| Pad | Data Word N1
Figurell-74. Parallel Data, Up to-8it-Wide Words

thedata lengthmust be divided by the number of

NOTV To get the number of data words stored in the pac
bytes necessary to hold oparallel datavord.

1 If the number of data bits is 8 or less, the word shall be padded with z&bs to
bytes.

1 If the number of data bits is between 9 and 16, the words shall be padded with zeros
to one 16ébit word, as inFigure11-75.

msb Isb
15 0
Pad | Data Word 1
Pad | Data Word N

Figurell-75. Parallel Data, Bit to 16-Bit-Wide Words

1 If the number of data bits is greater thanth@& words shall be padded with zeros to
multiples of 16bit data wordsFigure11-76 shows storing of 2®it data words.

msb Isb
15 0
Data Word1, Isbs 15-0

Pad | Data Word 1mshs 27-16

Data Word NJsbs 150
Pad | Data Word Nmsks 2716
Figurell-76. Parallel Data (Example: 2Bit-Wide Words)

c. DCRsi Parallel Data Packefthe DCRsi dat@ackets can contain any number of
complete DCRsscans containing9 auxiliary data and 4356 main data bytEse
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number of the scans can be calculated frond#ta lengtHield of thepacketheader The
structure of one DCRsi scan iskigure11-77.

msb
15

Isb
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 Data Byte 1
Data Byte 4 Data Byte 3
Data Byte 4356 Data Byte 4355

Figurell-77. DCRsi Scan, Auxiliary Data Byte + 432@ytes

The length of the packet can be only N * (12 + 4356) + 4 bytes, including the length of
the CSDW.

Any DCRsi data without auxiliary data bytes can be stored alsebag8neralpurpose
parallel dataas described iBubsectioril.2.14itemb.

11.2.15 Ethernet Data Packets

11.2.15.1 Ethenet Data Packets, Format O
Data from one or more Ethernet network interfaces can be placed into an Ethernet Data
Packet Format 0 as shownTiable11-49.

Table 11-49. Ethernet Data Packet, Format O

msb Isb
15 0
Packet Header
ChannelSpecificData (Bits 150)
ChannelSpecificData (Bits 3116)

Intra-Packet Time Stamfor Msg 1 (Bits 150)

Intra-Packet Time Stamfor Msg 1 (Bits 3116)

Intra-Packet Time Stamfor Msg 1 (Bits 4732)

Intra-Packet Time Stamfor Msg 1 (Bits 6348)

Intra-Packet Data Head&wr Msg 1 (Bits 150)

Intra-Packet Data Head&nr Msg 1 (Bits 3116)
Byte 2 Byte 1

Filler (if nis Odd) Byten

Intra-Packet Time Stamfor Msg n (Bits 150)
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Intra-Packet Time Stamfor Msg n (Bits 31-16)

Intra-Packet Time Stamfor Msg n (Bits 47-32)

Intra-Packet Time Stamfor Msg n (Bits 6348)

Intra-Packet Data Head&wr Msg n (Bits 15-0)

Intra-Packet Data Head&nr Msg n (Bits 31-16)
Byte 2 Byte 1

Filler (if nis Odd) Byten
Packet Trailer

a. Ethernet Data Packet Format 0, Charfhgécific Data WordThe packetbodyportion of
each Ethernadata packebegins with &2SDW. It indicatesthe format of the Ethernet
data packet contents, applicable TTBs, and how many media access control (MAC)
framesare placed in thpacketbody. The CSDWis formatted for the complettype of
packet body as shown kigure11-78.

msh Isb
31 28 27 25 24 16 15 0
FORMAT | TTB | RESERVED | NUMBER OF FRAMES

Figure11-78. Ethernet Data Packet Format O CharBpécific Data Word

1 Format Bits 31-28 indicate the type of Etherngdcket

0000= EthernetphysicallayerlEEE 802.3MAC Frame
0002%1111=Reserved

1 Time TagBits (TTB). Bits 2725 indicate which bit of the Ethernet MAC frame the
IPH time tag is applicable to.

000 = First bit of the MAC frame MAC destination address
001 = Last bit of the MAC frame check sequence

010 = First bit of the MAC frame payload data

011= Last bit of the MAC frame payload data

100-111 = Reserved

ReservedBits 24-16 are reserved.

Number of Framed®Bits 150 contain a binary value that represents the number of
frames included in the packet.

b. Ethernet Data Packet Format O, InRacket Heagr. After thechannelspecific data
Ethernetdatais inserted into the packdtachframeis preceded by a°H that has both
anIPTSand anPDH containing dramelD word. The length of théPH is fixed at 12
bytes (96 bits) positioned contiguously tire following sequence as showrHigure
11-79.
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msb Isb
31 0
Time (LSLW)

Time (MSLW)

Frame D Word

Figurel1l-79. Ethernet Data Format O IntRacket Header

1 Intra-Packet Time Stam@ hese8 bytes indicate the time tag of tfieame dataFirst

long word bits 310 and second long word bits-Blindicate the following values.

0 The 48bit RTCthat corresponds titve TTBs in the CSDW dhe framewith
bits 31 to 16 in the second long word zéled; or

o0 Theabsolute timgif enabled by bit 6 in thpacket flgys (Subsectiori1.2.1.1
item g). The ime format is indicated by bits 2 and 3 in precket flgs
(Subsectin 11.2.1.1litem g). The time tag shall beorrelated to the data bit
indicatedin theTTBs in the CSDW otheframe

1 Frame ID WordTheframelD wordis an identification word that precedes the

Ethernet frame and is inserted into the packet with the format shawgure11-80.

msb

31 30 29 28 27 24 23 16 15 14 13 0

Isb

FCE |FE | CONTENT |SPEED |NETID |DCE|LE | DATALENGTH

Figure11-80. Intra-Packet Frame ID Word

o Frame CRC Error (FCEBIt 31, theframeCRCerrorbit, is used to indicate
that a MACframe CRC error occurred during frame transmission

0= No frameCRCerror
1 =Frame CRCrror encountered

Frame Error (FE)Bit 30, theframe erromit, is used to indicate any error that
occurred during frame transmission

0= No frame error
1 = Frameerrorencountered

o Captured Data Content (CONTENTBIts 2928 speciy the extent of the

captured MACframe

00= Full MAC frame starting with the @ytedestination MAC address
and ending with the-Byte framechecksequence

01 = Payload (data) only: starting at theé"lzlyte offset from the
beginning of thadestination MAC address and ending before the 4
byteframechecksequere of the MACframe.

10 = Reserved fofutureformat

11 =Reserved fofuture format.

o Ethernet Speed (SPEEMits 27-24 indicate the negotiated bit rate for the

identified NETID on which the frame was captured.
0000= Auto
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0001=10megabits pesecond (Mbps)
0010=100Mbps

0011= 1 gigabit per second (Gbps)
0100=10Gbps

0101- 1111=Reserved

o Network Identifier (NETID) Bits 2316 contain a binary valubatrepresents
the physical network identification of frame origination that follows the |
word. Zero means first and/or only physical network.

o Data CRC Error (DCERBIt 15, thedataCRCerrorbit, is used to indicate that
a CRC error exists in the payload of the frame

0 = No dataCRCerror
1 = Data CRCerrorencountered

o Data Length Error (LE Bit 14, thedata engtherror bit, is used to indicate
that the frame is too short (less than 64 bytes) or too long (longer than 1518
bytes).
0 = Valid length
1 = DatalengthID too short or too long.

o Data LengthBits 130 contain a binary valuiat represents the length of the
frame in bytesr{) that follows the IDword.

11.2.15.2 Ethernet Data Packets, FormaiARINC-664

Any User Datagram ProtocdUDP) packetdrom Ethernet and/ohARINC-664 Part 7
(referred -6 ®4 @ si m AtRhietiveZk reetfacacdnabe placed intoneEthernet
Data Packet Format 1 as showmable11-50.

Table 11-50. Ethernet Data Format 1

msb Isb
15 0
Packet Header

ChannelSpecificData (Bits 150)

ChannelSpecificData (Bits 3116)

Intra-Packet Time Stamfor Msg 1 (Bits 150)

Intra-Packet Time Stamfor Msg 1 (Bits 3116)

Intra-Packet Time Stamfor Msg 1(Bits 47-32)

Intra-Packet Time Stamfor Msg 1 (Bits 6348)

Intra-Packet Data Head&wr Msg 1 (Bits 150)

Intra-Packet Data Headénr Msg 1 (Bits 3116)

Intra-Packet Data Head&wr Msg 1 (Bits 4732)

Intra-Packet Data Head&nr Msg 1 (Bits63-48)

Intra-Packet Data Headé&or Msg 1 (Bits 7964)

Intra-Packet Data Head&wr Msg 1 (Bits 9580)

Intra-Packet Data Head&r Msg 1 (Bits 11196)

Intra-Packet Data Headé&or Msg 1 (Bits 127112)
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Byte 2 Byte 1

Filler (if nis Odd) Byte N

Intra-Packet Time Stamfor Msg N (Bits 150)
Intra-Packet Time Stamfor Msg N (Bits 3116)
Intra-Packet Time Stamfor Msg N (Bits 4732)
Intra-Packet Time Stamfor Msg N (Bits 6348)
Intra-Packet Data Head&wr Msg N (Bits 150)

Intra-Packet Data Head&wr Msg N (Bits 127112)

Byte 2 Byte 1
Filler (if nis Odd) Byte N

Packet Trailer

The ARING664is based orthe Ethernet specificatiofEEE Sandad 802.320122°
Unlike the Ethernet frame, the last byteadfame payload is used ftine frame sequence
number This byteis located just before the MAC CRC field, as part of the MAC payload
Ethernet Data Packets, Format 1 ARHE64 shall capture and store the entire AR{6I2!
message (the entire UDP payloadyliuding one or more fragmented frames.

The ARINC-664 frame sequence numbers are used by the end system for integrity
checking and redundancy managemARINC-664 requires two redundant switch networks
EachARINC-664 frame is replicated and sent on batitworks The ARINC-664 receiving end
system uses the sequence number to check for dropped frames and to eliminate redundant
frames The link layer of the receivés ARINC-664 interface discards the sequence number and
drops the redundant frame before jpagshe framés payload to thinternet ProtocollP)
network layer of the protocol stadka UDP datagram is fragmented, the sequence numbers on
the fragments are discarded prior to datagram reassendflie 11-51 compares a normal
Ethernet frame with an ARING64 frame.

Table 11-51. Comparison of Normal Ethernet and ARINC-664 Frames

Normal Ethernet Frame
7 bytes 1 byte 14 bytes | 20 bytes | 8 bytes | 01472 bytes| 4 bytes
Preamble | Start MAC IP Header | UDP UDP Payload FCS
Delimiter | Header Header
ARINC -664 Frame
7 bytes | 1 byte 14 bytes | 20 bytes | 8 bytes | 01471 1 byte 4 bytes
bytes

20 |nstitute of Electrical and Electronics Engined¢EEE Standard for EthernetEEE 802.32012. New York:
Institute of Electrical and Electronics Engineers.
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Preamble Start MAC IP UDP ARINC- | Sequencg FCS
Delimiter | Header | Header | Header | 664 Number
Payload

a. Ethernet Data Format 1, ChamS&pecific Data WordThe packet bodyportion of each
Ethernetdata packebegins with &2SDW. It indicates how manpRINC-664 messages
are placed in thpacket bodyThe CSDWis formatted for the complete type of packet
body as shown ifigure11-81.

msb Isb
31 16 15 0
Intra-PacketHeader_ength | Number ofARING664 Messages

Figurel1l-81. Ethernet Data Packet FormaChannelSpecific Data Word

1 Intra-Packet Header LengtBits 31-16 contain thedngth of thdPH in bytes this is
fixed at 28.

1 Number of MessageBits 150 contain a binary value that represents the number of
messages included in the packet.

b. Ethernet Dat&®acket Format 1 IntrRacket HeadeAfter thechannelspecific data
ARINC-664datais inserted into the packdtach message is preceded byRid that has
both anlPTSand anPDH. The length of théPH is fixed at 28ytes @24 bits)
positioned contiguously, in the following sequence as showigurel1-82.

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

Intra-Packet Data Header 1
Intra-Packet Data Header 2
Intra-Packet Data Header 3
Intra-Packet Data Header 4
Intra-Packet Data Header 5
Figure11-82. Ethernet Data Format 1 IntRacket Header

1 Intra-Packet Time Stamf@ hese8 bytes indicate the time tag of tHRINC-664
messageFirst long word bits 3D and second long word bits-Blindicate the
following values.

0 The 48bit RTCthat corresponds to the first data bit in ffenewith bits 31
to 16 in the second long word z€fitbed; or

0 Theabsolute timeif enabled by bit 6 in thpacket flgs Subsectiori1.21.1
itemg). The ime format is indicated by bits 2 and 3 in ffacket flas
(Subsectia 11.2.1.1item g). The time tag shall beorrelated to the first data
bit in theframe
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1 Intra-Packet Data Headefhese 20 byt containrARINC-664 message data length,
virtual link, source and destination IP addessand source and destination UDP
ports, as shown irfrigure11-83.

msb Isb
31 16 15 8 7 0
Data Length Error bits | Flags bits
Reserved Virtual Link

Source IP

Dest IP

Src Port | Dest Port

Figurell-83. Intra-Packet Data Header

o Data Length (bits 316)
Messagédengthin bytes
o ERROR Bits (bits 1:8)

0: No errors
1: Any undefined error
2-15: Reserved

o Flags (bits 70)

0: ActualARINC-664data
1: SimulationARINC-664 data
2-15: Reserved

0 Reserved (bits 316)
o Virtual Link (VL) (bits 150)

Lower 16 bits of the Etherndestination MAC address
0 Source IP address (bits-8)

SourcelP address fro/ARINC-664 IPheader
o Dest IP Address (bits 30)

Destination IP address froARINC-664 IPheader
o Src Port (bits 3116)

16 bitssourceport from theARINC-664 UDP header
0 Dest Port (bits 1®)

Destination port from thARINC-664 UDP header

11.2.16 Time Space Position Information and Combat Training Systems DdtatRac
Thetime, space, position informati¢giSPI) and Combat Training Systen@&I(S) data
type packets are provided to allow a defined method of TSPI/CTS data encapsulation in Chapter
11 packet formatThis will provide interoperability of these data set$ween ranges and users
along with alignment to other digital data in the recordsugh as video and audio.
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TheTSPI/CTS data packets do not require a specific input interface such as PCM,
analog, oMIL -STD-1553 The TSPI/CTS data type will only encafzte multiple types of
TSPI/CTS information IAW governing standards and specificatiéssentially, TSPI/CTS data
will be wrapped in its native format liyhapter 1Jpacket structures and reside on compliant
media devices arior within files The packet d@ition will not characterize transmission
protocols or requirements because those are provided by the governing standards or
specifications.

The TSPI/CTS packets are considered dynamic and timing requirementsf(Eltapter
10) apply whether they are generated by the recorder/multiplexer, like corgeumerated data
packets, or generated via a specific external interface.

11.2.16.1 TSPI/CTS Data &ckets, Format 0 (NMEARTCM)

Any 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 packethe NMEA and RTCM standards specify the electrical sigggirements,
data transmission protocol, and message/sentence formats for GPhdagaformatting
standards will not be detailedtinis chapterbut they will be referenced as required for clarity.

TheTSPI/CTS Data Packet, Forma{NIMEA-RTCM) will not support proprietary
messages or sentences; therefore, any data containing these will be considecedpiamt
with this standard.

A packet withn NMEA-RTCM data has the basic structureladle11-52.
Table 11-52. NMEA -RTCM Data Packet Format

msb Isb
15 0
Packet Header
ChannelSpecificData (Bits 150)
ChannelSpecificData (Bits 3116)
(Optional) IntraPacket Time Stamfor Data 1 (Bits 15))
(Optional) IntraPacket Time Stamfor Data 1 (Bits 3116)
(Optional) IntraPacket Time Stamfor Data 1 (Bits 4732)
(Optional) IntraPacket Time Stamfor Data 1 (Bits 6348)
IntrarPacket Data Header (Bits -5
Intra-Packet Data Header (Bits-3b)
Byte 2 Byte 1

Filler (if nis Odd) Byte N

(Optional) IntraPacket Time Stamfor Data N (Bits 150)
(Optional) IntraPacket Time Stamfor Data N (Bits 3116)
(Optional) IntraPacket Time Stamfor Data N (Bits 4732)
(Optional) IntraPacket Time Stamfor Data N (Bits 6348)
Intra-Packet Data Header (Bits-1H
Intra-Packet Data Header (Bits-36)
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