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Changes to This Edition of Chapter 11

The 2017 release of IRIG-106 contains this first edition of Chapter 11. Previously, the content of
this chapter was contained in Chapter 10, Section 10.6. Chapter 11 was created to more
efficiently maintain and document post-test products that are the output of Chapter 10 recorders.
While this is the first edition of Chapter 11, there will be sections marked as changed or even
new. These revisions reflect changes to the original Chapter 10, Section 10.6 source.

Paragraph

Description

Table 11-4, Section 11.2.18.2

CR79E - Added Fibre Channel Data, Format 1

Table 11-4, Section 11.2.1.1, Section

CR86 - Added capability to send TMATS information

11275

via a published port

Table 11-4, Section 11.2.3.3

CR93 — Network Time

TSCC CR16-004 - Provide CSDW bit to define the
source of IRIG time.
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CHAPTER 11

Packet Format Standard

11.1 General

A large number of unique and proprietary data structures has been developed for specific
data recording applications that required unique decoding software programs. The activities of
writing unique decoding software, checking the software for accuracy, and decoding the data
formats are extremely time-consuming and costly.

Specifically, this packet format standard shall be usable with multiplexing of both
synchronous and asynchronous digital inputs such as pulse code modulation (PCM); Military
Standard (MIL-STD) 1553 data bus, time, analog, video; Aeronautical Radio, Inc. (ARINC) 429;
discrete; and Universal Asynchronous Receiver and Transmitter (UART) containing
Recommended Standard (RS)-232/422/485 communication data. This packet standard will
allow use of a common set of data interpretation libraries to reduce the cost of producing data
analysis systems.

NOT? Within this standard, where text, figures, or tables are

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

The data format structures (packet header, secondary packet header, channel-specific data
word [CSDW], intra-packet data header [IPDH], and packet trailer) described in Section 11.2 are
defined to have the following bit and byte orientation. The least significant byte shall be
transmitted first; the least significant bit (Isb) of each byte shall be transmitted first, with most
significant bit (msb) transmitted last; and data is read from the lowest logical address first. This
ordering is commonly referred to as “Little Endian.” The packet data shall remain in its native
byte order format.

11.2 Data Format Definitions

11.2.1  Common Packet Elements

Data shall have three required parts: a packet header, a packet body, and a packet trailer,
and an optional part if enabled, a packet secondary header. A packet will always conform to the
structure outlined in Figure 11-1.

a. A packet has the basic structure shown in Table 11-1. Note that the width of the structure
is not related to any number of bytes or bits. This table is merely to represent relative
packet elements and their placement within the packet. See Table 11-2 for a diagram of
the generic packet format. This table does not depict the bit lengths of each field. Word
sizes of 8 bits, 16 bits, and 32 bits are used depending on the data type.

To further clarify the packet layout, Table 11-2 shows the generic packet in a 32-bit,
little-endian format, and assumes 16-bit data words and data checksum.
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—
( Packet Sync Pattern
Channel ID
Packet Length
Bit 7: Indicates . i .

Data Length the existence of Bit 6: Indicates tBhlés 3;§ké?dlcale Bits 1-0: Indicate
the optional the intra-packet secgn da the data
packet time stamp time header ti?i'le checksum

} Data Type Version secondary source. format existence.
Packet S header. ormat.
Header I
Sequence Number
Packet Flags Bit Bit
5 4
Data Type
Relative Time Counter
Header Checksum
Optional |
Packet 4
Secondary ™
Header
\ >
P
J
Packet Body -
>
] Filler...
Packet Trailer -—’\/

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

Figure 11-1.

Overall Packet Structure

Table 11-1. General Packet Structure

PACKET SYNC PATTERN
CHANNEL 1D

PACKET LENGTH

DATA LENGTH

DATA TYPE VERSION
SEQUENCE NUMBER
PACKET FLAGS

Packet Header

DATA TYPE

RELATIVE TIME COUNTER

HEADER CHECKSUM

TIME Packet Secondary
RESERVED Header (Optional)
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SECONDARY HEADER CHECKSUM

CHANNEL-SPECIFIC DATA

INTRA-PACKET TIME STAMP 1

INTRA-PACKET DATA HEADER 1

DATA1

INTRA-PACKET TIME STAMP N

INTRA-PACKET DATA HEADER N

DATAnN

Packet Body

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

DATA TYPE PACKET FLAGS

SEQUENCE | DATATYPE
NUMBER VERSION

RELATIVE TIME COUNTER

HEADER CHECKSUM | RELATIVE TIME COUNTER

Packet Header

TIME (LEAST SIGNIFICANT LONG WORD [LSLW])

TIME (MOST SIGNIFICANT LONG WORD [MSLW])

SECONDARY HEADER
CHECKSUM Sleslrvlel

(Optional)
Packet
Secondary
Header

CHANNEL-SPECIFIC DATA

INTRA-PACKET TIME STAMP 1

INTRA-PACKET TIME STAMP 1

INTRA-PACKET DATA HEADER 1

DATA 1 WORD 2 DATA1WORD 1

DATA 1 WORD N

INTRA-PACKET TIME STAMP 2

INTRA-PACKET TIME STAMP 2

INTRA-PACKET DATA HEADER 2

DATA 2 WORD 2 DATA 2 WORD 1

DATA 2 WORD N

INTRA-PACKET TIME STAMP N

INTRA-PACKET TIME STAMP N

INTRA-PACKET DATA HEADER N

DATA NWORD 2 DATANWORD 1

DATANWORD N

Packet
Body

[FILLER]

Packet Trailer
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| DATA CHECKSUM | | | H

Depending on the data type, the size of the data checksum can contain 32 bits, 16 bits, 8
bits, or the checksum can be entirely left out. For a 32-bit data checksum, the packet
trailer would be as shown in Figure 11-2.

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

Figure 11-2.  Packet Trailer for 32-Bit Data Checksum

b. For an 8-bit data checksum, the packet trailer would be as shown in Figure 11-3.

msb Isb

/ 0

[ Filler ] )
Data Checksum Packet Trailer

Figure 11-3.  Packet Trailer for 8-Bit Data Checksum

c. The size of a single packet may be a maximum of 524,288 (21°) bytes as shown in Table
11-3. This includes the packet header, packet body, packet trailer, and optional packet
secondary header if enabled. The only exception to the packet size limit is the Computer-
Generated Data Packet, Format 1 setup record, which may be a maximum of 134,217,728
(22") bytes. Any packet that requires more than 524,288 bytes may generate multiple
packets by utilizing the packet sequence counter. Some packet types allow a single data
set to span multiple packets if the data set size or time does not fall under packet
maximums. The specific mechanism allowing packet data spanning for each data type is
described within that data type’s section.

Table 11-3. Packet Requirements

Packet Type Required Maximum Packet Size
Computer-Generated Data Packet, Format 1 | Yes 134,217,728 bytes
Setup Record
Time Data Packet Yes 524,288 bytes
All other data type packets with the exception | No 524,288 bytes

of Computer-Generated Data Packet, Format
1 setup record, time data packets, and
Computer-Generated Data Packet, Format 3
recording index (root index)

Computer-Generated Data Packet, Format 3 Yes, if recording 524,288 bytes
recording index (root index) events are enabled.
No, if recording

events are disabled.
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(Reserved)

All packets that are generated shall contain data. Filler only, idle (as defined by medium
or interface) only, or empty packets shall not be allowed.

All reserved bit fields in packet headers or CSDWs shall be set to zero (0x0).
(Reserved)

Once version bits and packet structure bits have been used to indicate a value or setting
for each data type and its associated channel, they shall not change for that data type and
its associated channel within the operational session (e.g., recording).

11.2.1.1 Packet Header

The length of the packet header is fixed at 24 bytes (192 bits). The packet header is

mandatory and shall consist of ten fields, positioned contiguously as shown in Table 11-2 and
defined below.

a.

C.

d.

Packet Sync Pattern. These 2 bytes contain a static sync value for every packet. The
packet sync pattern value shall be OXEB25.

Channel ID. These 2 bytes contain a value representing the packet channel ID. All
channels in a system must have a unique channel 1D for each data source.

(1) Multiplexer Source ID. In a distributed multiplexer system, a multiplexer source 1D
is used to discern each multiplexer in the system. The setup record shall contain a
“Number of Source Bits” recorder attribute (R-xX\NSB) to specify the number of
msbs (from the channel ID) that distinguish the multiplexer source ID. The
remaining Isbs of the channel ID field shall be the channel ID for each data source
acquired by the multiplexer.

(2) Reserved Channel ID. Channel ID 0x0000 is reserved, and as of 106-17 is used to
insert only the Computer-Generated Data Packet, Format 1 setup record(s) or the
Computer-Generated Data Packet, Format 4 Streaming Configuration records into
the composite data stream.

(3) Available Channel IDs. All values not comprising the reserved channel ID are
available. As of 106-13, when Computer-Generated Data Packet, Formats 0, 2, and
3 reside in a channel with 1D 0x0001-0xFFFF, only one packet type shall exist per
channel ID.

Packet Length. These 4 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 0 shall always
be zero). This packet length includes the packet header, packet secondary header (if
enabled), channel-specific data, intra-packet headers (IPHs), data, filler, and data
checksum.

Data Length. These 4 bytes contain a value representing the valid data length within the
packet. This value shall be represented in bytes. Valid data length includes channel-
specific data, IPDHSs, intra-packet time stamp(s) (IPTS), and data but does not include
packet trailer filler and data checksum.
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e. Data Type Version. This byte contains a value at or below the release version of the

standard applied to the data types in Table 11-4. The value shall be represented by the
following bit patterns.

0x00 = Reserved

0x01 = Initial Release (Range Commanders Council [RCC] 106-04)

0x02 = RCC 106-05
0x03 = RCC 106-07
0x04 = RCC 106-09
0x05 = RCC 106-11
0x06 = RCC 106-13
0x07 = RCC 106-15
0x08 = RCC 106-17
0x09 through OxXFF = Reserved

Note: References to RCC 106-04 through RCC 106-15 refer to Chapter 10, while RCC
106-17 onward refer to Chapter 11.

Table 11-4. Data Type Names and Descriptions

st

gzﬂz‘jg

%

Packet Current
Header Data Type
Value Data Type Name Data Type Description Version
0x00 Computer-Generated Data, Format 0 User-Defined 0x06
| 0x01 Computer-Generated Data, Format 1 Setup Record 0x08
0x02 Computer-Generated Data, Format 2 Recording Events 0x06
0x03 Computer-Generated Data, Format 3 Recording Index 0x06
L Streaming Configuration
0x04 Computer-Generated Data, Format 4 Records 0x08
Computer-Generated Data, Format 5-
0x05 — 0x07 | Format 7 Reserved for future use 0x06
0x08 PCM Data, Format 0 Reserved for future use 0x06
0x09 PCM Data, Format 1 Chapter 4 or 8 0x06
Ox0A - OXOF | PCM Data, Format 2 - Format 7 Reserved for future use 0x06
0x10 Time Data, Format 0 Reserved for future use 0x06
RCC/Global Positioning
System (GPS)/Relative
Ox11 Time Data, Format 1 Time Counter (RTC) 0x06
0x12 Time Data, Format 2 Network Time 0x08
0x13-0x17 Time Data, Format 2-Format 7 Reserved for future use 0x06
0x18 MIL-STD-1553 Data, Format 0 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-0x1F Format 7 Reserved for future use 0x06
0x20 Analog Data, Format 0 Reserved for future use 0x06
0x21 Analog Data, Format 1 Analog Data 0x06
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Table 11-4. Data Type Names and Descriptions

Packet Current

Header Data Type

Value Data Type Name Data Type Description Version
0x22-0x27 Analog Data, Format 2-Format 7 Reserved for future use 0x06
0x28 Discrete Data, Format 0 Reserved for future use 0x06
0x29 Discrete Data, Format 1 Discrete Data 0x06
Ox2A-0x2F Discrete Data, Format 2-Format 7 Reserved for future use 0x06
0x30 Message Data, Format O Generic Message Data 0x06
0x31-0x37 Message Data, Format 1-Format 7 Reserved for future use 0x06
0x38 ARINC-429 Data, Format 0 ARINC-429 Data 0x06
0x39- 0x3F | ARINC-429 Data, Format 1-Format 7 | Reserved for future use 0x06
0x40 Video Data, Format 0 MPEG-2/H.264 Video 0x06
0x41 Video Data, Format 1 1ISO 13818-1 MPEG-2 0x06

ISO 14496-10 MPEG-4
0x42 Video Data, Format 2 Part 10 AVC/ITU H.264 0x06
0x43 Video Data, Format 3 MJPEG 0x07
0x44 Video Data, Format 4 MJPEG-2000 0x07
0x45-0x47 Video Data, Format 3-Format 7 Reserved for future use 0x06
0x48 Image Data, Format 0 Image Data 0x06
0x49 Image Data, Format 1 Still Imagery 0x06
Ox4A- Image Data, Format 2 Dynamic Imagery 0x06
0x4B-0x4F Image Data, Format 3-Format 7 Reserved for future use 0x06
0x50 UART Data, Format 0 UART Data 0x06
0x51-0x57 UART Data, Format 1-Format 7 Reserved for future use 0x06
0x58 IEEE 1394 Data, Format 0 IEEE 1394 Transaction 0x06
IEEE 1394 Physical

0x59 IEEE 1394 Data, Format 1 Layer 0x06
Ox5A-0x5F IEEE 1394 Data, Format 2-Format 7 Reserved for future use 0x06
0x60 Parallel Data, Format O Parallel Data 0x06
0x61-0x67 Parallel Data, Format 1-Format 7 Reserved for future use 0x06
0x68 Ethernet Data, Format 0 Ethernet Data 0x07
0x69 Ethernet Data, Format 1 Ethernet UDP Payload 0x06
Ox6A-0x6F Ethernet Data, Format 2-Format 7 Reserved for future use 0x06
0x70 TSPI/CTS Data, Format 0 GPS NMEA-RTCM 0x06
0x71 TSPI/CTS Data, Format 1 EAG ACMI 0x06
0x72 TSPI/CTS Data, Format 2 ACTTS 0x06
0x73- 0x77 TSPI/CTS Data, Format 3-Format 7 Reserved for future use 0x06
0x78 Controller Area Network Bus CAN Bus 0x06
0x79 Fibre Channel Data, Format 0 Fibre Channel Data 0x07
OX7A Fibre Channel Data, Format 1 Fibre Channel Data 0x08
0x7B — 0x80 | Fibre Channel Data, Formats 2-7 Reserved for future use 0x08
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f.  Sequence Number. This byte contains a value representing the packet sequence number
for each channel ID. 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 occurrence of a packet for the channel ID.

NOT? The sequence number counter value for each

channel in a session (e.g., recording) will repeat
(rollover to 0x00) after the sequence number
counter has reached OxFF.

own sequence counter providing a unique

NOT? Each channel in a session shall have its
sequence number for that channel.

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

Bit 7: Indicates the presence or absence of the packet secondary header.

0 = Packet secondary header is not present.
1 = Packet secondary header is present.

Bit 6: Indicates the IPTS time source.

0 = Packet header 48-bit RTC.
1 = Packet secondary header time (bit 7 must be 1).

Bit 5: RTC sync error.

0 = No RTC sync error.
1 = RTC sync error has occurred.

Bit 4: Indicates the data overflow error.

0 = No data overflow.
1 = Data overflow has occurred.

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

00 = Chapter 4 binary weighted 48-bit time format. The two Isbs of the 64-bit
packet secondary header time and IPTS shall be zero-filled.

01 = IEEE 1588 time format. The packet secondary header time and each IPTS
shall contain a 64-bit timestamp represented in accordance with (IAW) the
time representation type as specified by IEEE STD 1588-2008.1 The 32
bits indicating seconds shall be placed into the MSLW portion of the
secondary header and the 32 bits indicating nanoseconds shall be placed
into the LSLW portion.

Institute of Electrical and Electronics Engineers. IEEE standard for a precision clock synchronization protocol for
networked measurement and control systems. IEEE 1588-2008. Geneva: International Electrotechnical
Commission, 2008.
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10 = 64-bit binary extended relative time counter (ERTC) with 1-nanosecond
resolution. The counter shall be derived from a free-running 1-gigahertz
(GHz) clock - similar to the RTC described below - just with higher
resolution. When this option is used, the 10-megahertz (MHz) RTC shall
be synchronized with the ERTC (RTC = ERTC/100).

11 = Reserved

Bits 1-0: Indicate data checksum existence.

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

h. Data Type. This byte contains a value representing the type and format of the data. All
values not used to define a data type are reserved for future data type growth. Table 11-4
lists the data types and their descriptions.

i. Relative Time Counter. These 6 bytes contain a value representing the 10-MHz RTC.
This is a free-running 10-MHz binary counter represented by 48 bits that are common to
all data channels. The counter shall be derived from a 10-MHz internal crystal oscillator
and shall remain free-running during each session (e.g., recording).

secondary time value shall correspond to the first bit of the data in

NOTE ’ If enabled, the applicable data bit of the 48-bit value of the packet
the packet body (unless it is defined in each data type section).

J. Header Checksum. These 2 bytes contain a value representing a 16-bit arithmetic sum of
all 16-bit words in the header excluding the header checksum word.

11.2.1.2 Packet Secondary Header (Optional)

The length of the packet secondary header is fixed at 12 bytes (96 bits). The packet
secondary header is optional and when enabled shall consist of the three fields, positioned
contiguously, in the following sequence.

a. Time. These 8 bytes contain the value representing time in the format indicated by bits 2
and 3 of the packet flags in Subsection 11.2.1.1 item g. The secondary header can be
enabled on a channel-by-channel basis but all channels that have a secondary header must
use the same time source in bits 2-3 of the packet flags.

NOT‘I‘, The applicable data bit to which the 48-bit value of the packet

secondary time value (if enabled) applies shall correspond to
the first bit of the data in the packet body (unless it is defined in
each data type section).

When Chapter 4 binary weighted time is used, time shall be stored as shown in Figure
11-4.
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msb Isb
31 16 15 0
Micro-Seconds Word Reserved

High Order Time Word Low Order Time Word

Figure 11-4.  Secondary Header Chapter 4 Time

When IEEE 1588 time is used time shall be stored as shown in Figure 11-5.

msb Isb
31 0
Nanoseconds Word

Seconds Word

Figure 11-5.  Secondary Header IEEE 1588 Time

When ERTC time is used time shall be stored as shown in Figure 11-6.

msb Isb
31 0
LSLW

MSLW

Figure 11-6.  Secondary Header ERTC Time

b. Reserved. These 2 bytes are reserved and shall be zero filled.

c. Secondary Header Checksum. These 2 bytes contain a value representing a 16-bit
arithmetic sum of all secondary header bytes excluding the secondary header checksum
word.

11.2.1.3 Packet Body

The format of the data in the packet body is unique to each data type. Detailed
descriptions of the type-specific data formats found in packet bodies are described in subsequent
sections of this document.

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

b. Intra-Packet Time Stamp. These 8 bytes contain time in either 48-bit RTC format (plus
16 high-order zero bits) or 64-bit format as specified in the packet flags in the packet
header. The IPTSs are only mandatory where defined by the data formats.

c. Intra-Packet Data Header. Variable in size, this contains additional time status, data,
and/or format information pertaining to the data items that follow. The IPDHSs are only
mandatory where defined by the data formats.

d. Data. With n bytes, this contains valid data from a particular channel as defined within
the data formats contained within this standard.
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IPH may only have a timestamp (zero-length data header), while in other
cases, the IPH only has a data header (zero-length timestamp). Some data
types have no IPH. The IPH requirements are specified separately for each
datatype.

NOT‘P’ The IPTS and the IPDH are collectively called the IPH. In some cases, an

state for the entire session (e.g., recording) per

NOT‘P’ The IPDH presence, once set, shall be the same
each channel

11.2.1.4 Packet Trailer

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

a. To keep all packets aligned on 32-bit boundaries (i.e., make all packet lengths a multiple
of 4 bytes); and

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

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

The inclusion of the data checksum is optional as well and is indicated by the packet flags
setting. When included, the packet trailer contains either an 8-bit, 16-bit, or 32-bit data
checksum. Depending on the packet flags option selected, the data checksum is the arithmetic
sum of all of the bytes (8 bits), words (16 bits), or long words (32 bits) in the packet excluding
the 24 bytes of packet header, packet secondary header (if enabled), and the data checksum.
Stated another way, the data checksum includes everything in the packet body plus all added
filler.

a. Filler. Variable in size, all filler shall be set to 0x00 or OxFF.

b. 8-Bit Data Checksum. This 1 byte contains a value representing an 8-bit arithmetic sum
of the bytes in the packet. It is only inserted if the packet flag bits are set (see Subsection
11.2.1.1 item Q).

c. 16-Bit Data Checksum. These 2 bytes contain a value representing a 16-bit arithmetic
sum of the words in the packet. It is only inserted if the packet flag bits are set
(Subsection 11.2.1.1 item Q).

d. 32-Bit Data Checksum. These 4 bytes contain a value representing a 32-bit arithmetic
sum of the long words in the packet and is only inserted if packet flag bits are set
(Subsection 11.2.1.1 item Q).

11.2.2 PCM Data Packets

11.2.2.1 PCM Data Packets Format 0
Reserved.
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PCM Data Packets Format 1 (Chapter 4 and Chapter 8)

A packet with Chapter 4 or Chapter 8 PCM data has the basic structure as shown in Table
11-5. 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 11-5.

General PCM Data Packet, Format 1

Packet Header

Channel-Specific Data

(Optional) Intra-Packet Time Stamp

(Optional) Intra-Packet Data Header

Minor Frame Data

(Optional) Intra-Packet Time Stamp

(Optional) Intra-Packet Data Header

Minor Frame Data

(Optional) Intra-Packet Time Stamp

(Optional) Intra-Packet Data Header

Minor Frame Data

(Optional) Intra-Packet Time Stamp

(Optional) Intra-Packet Data Header

Minor Frame Data

(Optional) Intra-Packet Time Stamp

(Optional) Intra-Packet 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 the Isb of each word to be aligned on a 16-bit boundary. High-order
filler bits are added to words as necessary to force alignment.

The user may separately enable or disable frame synchronizing on each active PCM
channel. This provides a throughput mode that will transfer data to the packet without frame
synchronization. Throughput mode essentially disables all setup and packing/unpacking options
for the packet, and places data in the packet as it is received.

a. PCM Packet Channel-Specific Data. The packet body portion of each PCM packet
begins with the channel-specific data, which is formatted as shown in Figure 11-7.

msb
31

30 29 28 27

24 23

18 17 0

Isb

R

| IPH | MA | MI

| LOCKST | MODE

| SYNCOFFSET

Figure 11-7.
Format

Reserved. Bit 31 is reserved.
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Intra-Packet Header. Bit 30 indicates if IPHs (IPTS and IPDH) are inserted before
each minor frame. The IPHSs are only optional because of the mode selection. This
determines whether IPHSs are included or omitted.

0 = The IPHSs are omitted for throughput mode.
1 =The IPHs are required for packed data and unpacked data modes.

Major Frame Indicator (MA). Bit 29 indicates if the first word in the packet is the
beginning of a major frame. This bit is not applicable for throughput mode.

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

Minor Frame Indicator (M1). Bit 28 indicates if the first word in the packet is the
beginning of a minor frame. This bit is not applicable for throughput mode.

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

Lock Status (LOCKST). Bits 27-24 indicate the lock status of the frame
synchronizer. This bit is not applicable for throughput mode.

time sequence from the beginning of a minor frame synchronization pattern

NOT‘P’ Minor Frame Definition. The minor frame is defined as the data structure in

to the beginning of the next minor frame synchronization pattern. Please
refer to Chapter 4, Subsection 4.3.2 for minor/major frame definition.

Bits 27-26: Indicate minor frame status.

00 = Reserved.

01 = Reserved.

10 = Minor frame check (after losing lock).
11 = Minor frame lock.

Bits 25-24: Indicate major frame status.

00 = Major frame not locked.

01 = Reserved.

10 = Major frame check (after losing lock).
11 = Major frame lock.

Mode (MODE). Bits 23-18 indicate the data packing mode.
Bits 23-22: Reserved.
Bit 21: Alignment Mode.

0 = 16-bit alignment mode enabled.
1 = 32-bit alignment mode enabled.

Bit 20: Indicates throughput data mode.

0 = Throughput data mode not enabled.
1 = Throughput data mode enabled.

Bit 19: Indicates packed data mode.
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0 = Packed data mode not enabled.
1 = Packed data mode enabled.

Bit 18: Indicates unpacked data mode.

0 = Unpacked data mode not enabled.
1 = Unpacked data mode enabled.

e Sync Offset (SYNCOFFSET). Bits 17-0 contain an 18-bit binary value representing
the word offset into the major frame for the first data word in the packet. The sync
offset is not applicable for packed or throughput mode.

b. PCM Packet Body. After the channel-specific data, the IPHs and the PCM data are
inserted in the packet in integral numbers of minor or major frames unless the packet is in
throughput mode. In throughput mode, there is no frame or word alignment to the packet
data and no IPHSs are inserted in the data. In both packed and unpacked modes, minor
frame alignment is dependent on the MODE field in the channel-specific data. In 16-bit
alignment mode, PCM minor frames begin and end on 16-bit boundaries. In 32-bit
alignment mode, PCM minor frames begin and end on 32-bit boundaries. In either case,
alignment mode does not affect the format of PCM data words themselves; however,
depending on perspective, word order is affected and a zero-filled data word may be
required to maintain alignment.

c. PCM Data in Unpacked Mode. In unpacked mode, packing 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 16-bit boundary in the packet. For example, 4 pad bits are added to 12-bit
words, 6 pad bits are added to 10-bit words, etc. In 32-bit alignment mode, a zero-filled
16-bit word is required to maintain alignment when an odd number of 16-bit words exists
in the minor frame.

Minor frame sync patterns larger than 16 bits are divided into two words of packet data.
If the sync pattern has an even number of bits, then it will be divided in half and placed in
two packet words. For example, a 24-bit sync pattern is broken into two 12-bit words
with 4 bits of pad in each word. If 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 pattern. For
example, if the minor sync pattern is 25 bits, then the first sync word is 12 bits of sync
pattern plus 4 bits 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 into (number of bits+15)/16
words in 16-bit alignment mode or (number of bits+31)/32 in 32-bit alignment mode. If
the sync word doesn’t fill 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 words into two words). For example, a 35-bit sync
word shall be split into 11+12+12-bit words in 16-bit alignment mode, or into 17+18-bit
words in 32-bit alignment mode.

Given PCM frames with a 24-bit minor sync pattern and n data words where the bit-
lengths of data words 1, 2, and 3 are 12, 16, and 8 respectively, the resultant 16-bit
alignment mode PCM packets are as shown in Table 11-6. Given PCM frames with a 24-
bit minor sync pattern and n data words where the bit-lengths of data words 1, 2, 3, and 4
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are 12, 16, 8, and 10 respectively, the resultant 32-bit alignment mode PCM packets are
as shown in Table 11-7.

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

msb Isb
15 0
Packet Header

Channel-Specific Data (Bits 15-0)

Channel-Specific Data (Bits 31-16)

Intra-Packet Time Stamp (Bits 15-0)

Intra-Packet Time Stamp (Bits 31-16)

Intra-Packet Time Stamp (Bits 47-32)

Intra-Packet Time Stamp (Bits 63-48)

Intra-Packet Data Header (Bits 15-0)

4 Bits Pad 12 Bits Sync (Bits 23-12)
4 Bits Pad 12 Bits Sync (Bits 11-0)
4 Bits Pad 12 Bits Word 1 Data

16 Bits Word 2 Data

8 Bits Pad | 8Bits Word 3 Data

Word N Data Bits + Pad if Needed
Intra-Packet Time Stamp (Bits 15-0)
Intra-Packet Time Stamp (Bits 31-16)
Intra-Packet Time Stamp (Bits 47-32)
Intra-Packet Time Stamp (Bits 63-48)
Intra-Packet Data Header (Bits 15-0)

Repeat for each minor frame.

Packet Trailer

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

msb Isb
15 0
Packet Header

Channel-Specific Data (Bits 15-0)

Channel-Specific Data (Bits 31-16)

Intra-Packet Time Stamp (Bits 15-0)

Intra-Packet Time Stamp (Bits 31-16)

Intra-Packet Time Stamp (Bits 47-32)

Intra-Packet Time Stamp (Bits 63-48)
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Intra-Packet Data Header (Bits 15-0)
Intra-Packet Data Header (Bits 31-16)

4 Bits Pad 12 Bits Sync (Bits 11-0)
4 Bits Pad 12 Bits Sync (Bits 23-12)
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 15-0)
Intra-Packet Time Stamp (Bits 31-16)
Intra-Packet Time Stamp (Bits 47-32)
Intra-Packet Time Stamp (Bits 63-48)
Intra-Packet Data Header (Bits 15-0)
Intra-Packet Data Header (Bits 31-16)

Repeat for each minor frame.

Packet Trailer

d. PCM Data in Packed Mode. In packed mode, packing is enabled and pad is not added to
each data word; however, filler bits may be required to maintain minor frame alignment.
The number of filler bits is dependent on the alignment mode, where N is either 16 or 32.
If the number of bits in the minor frame is not an integer multiple of N, then Y pad bits
will be added to the end of each minor frame of bit length L. Either Y = N-MOD(L,N),
or N minus the integer remainder when L is divided by N. In packed mode, the PCM
stream is minor-frame synchronized so the first data bit in the packet is the first data bit
of a minor frame. If X =N —Y when N is 16-bit alignment mode, then the resultant
PCM packets are as shown in Table 11-8. Table 11-9 shows the resultant PCM packets
for 32-bit alignment mode.

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

msb Isb
15 0
Packet Header

Channel-Specific Data (Bits 15-0)
Channel-Specific Data (Bits 31-16)
Intra-Packet Time Stamp (Bits 15-0)
Intra-Packet Time Stamp (Bits 31-16)
Intra-Packet Time Stamp (Bits 47-32)
Intra-Packet Time Stamp (Bits 63-48)
Intra-Packet Data Header (Bits 15-0)
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Data (Bits 15-0)

Data (Bits 31-16)

Data (Bits 47-32)

Y Filler Bits | X Data Bits

Intra-Packet Time Stamp (Bits 15-0)

Intra-Packet Time Stamp (Bits 31-16)

Intra-Packet Time Stamp (Bits 47-32)

Intra-Packet Time Stamp (Bits 63-48)

Intra-Packet Data Header (Bits 15-0)

Repeat for each minor frame.

Packet Trailer

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

msb Isb
15 0

Packet Header

Channel-Specific Data (Bits 15-0)

Channel-Specific Data (Bits 31-16)

Intra-Packet Time Stamp (Bits 15-0)

Intra-Packet Time Stamp (Bits 31-16)

Intra-Packet Time Stamp (Bits 47-32)

Intra-Packet Time Stamp (Bits 63-48)

Intra-Packet Data Header (Bits 15-0)

Intra-Packet Data Header (Bits 31-16)

Data Word 2

Data Word 1

Data Word 4

Data Word 3

Filler Bits | X Data Bits

16 Filler Bits (If Required to Maintain 32-Bit Alignment)

Intra-Packet Time Stamp (Bits 15-0)

Intra-Packet Time Stamp (Bits 31-16)

Intra-Packet Time Stamp (Bits 47-32)

Intra-Packet Time Stamp (Bits 63-48)

Intra-Packet Data Header (Bits 15-0)

Intra-Packet Data Header (Bits 31-16)

Repeat for each minor frame.
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Packet Trailer

e. PCM Data in Throughput Mode. In throughput mode, the PCM data are not frame
synchronized so the first data bit in the packet can be any bit in the major frame. The
resultant PCM packets are as shown in Table 11-10 and Table 11-11.

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

msb Isb
15 0
Packet Header

Channel-Specific Data (Bits 15-0)

Channel-Specific Data (Bits 31-16)
Data (Bits 15-0)
Data (Bits 31-16)
Data (Bits 47-32)

Packet Trailer

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

msb Isb
15 0
Packet Header

Channel-Specific Data (Bits 15-0)

Channel-Specific Data (Bits 31-16)

PCM Stream Bits 17-32

PCM Stream Bits 1-16

PCM Stream Bits 49-64

PCM Stream Bits 33-48

Packet Trailer

f. PCM Data Word Order in 32-Bit Alignment Mode. When acquitting data in 32-bit
alignment mode, the resultant data word ordering will differ from 16-bit alignment mode.
The serial PCM data stream is shifted into 32-bit words from right to left, with bit 31 on
the left, bit 0 on the right, and addresses ascending from top to bottom. Word order is
affected depending on the reader’s addressing perspective. For example, 16-bit data
words when addressed as 32-bit words appear in order when read from left to right and
top to bottom; however, when addressed as 16-bit words, each pair of data words will
appear swapped. Figure 11-8 and Figure 11-9 depict the anomaly of perspective.
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msb Isb | Address
31 16 15 0

Byte 3 | Byte 2 Bytel |Byte0

Data Word 1 Data Word 2 0

Data Word 3 Data Word 4 1

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

Figure 11-8.  32-Bit Alignment Mode Example, 16-Bit Data Words (32-
Bit Word Addressing)

msb Isb | Address
15 0

Byte 1 | Byte 0

Data Word 2 0

Data Word 1 1

Data Word 4 2

Data Word 3 3

Data Word N-1 N-1

Figure 11-9.  32-Bit Alignment Mode Example, 16-Bit Data Words (16-
Bit Word Addressing)

g. PCM Intra-Packet Header. When acquiring data in packed or unpacked mode, all PCM
minor frames shall include an IPH containing a 64-bit IPTS and a 16- or 32-bit IPDH, as
indicated by MODE in the channel-specific data. This header is inserted immediately
before the minor frame sync pattern. Depending on alignment mode, the length of the
IPH is either 10 or 12 bytes (80 or 96 bits) positioned contiguously, as depicted in Figure
11-10. In 16-bit alignment mode, the IPDH length is fixed at 2 bytes. A 32-bit alignment
mode requires a 4-byte IPDH, and the two most significant bytes are zero-filled.

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

Time (MSLW)

Zero Filled | LOCKST | RESERVED

Figure 11-10. Pulse Code Modulation Intra-Packet Header

e Intra-Packet Time Stamp. These 8 bytes indicate the time tag of the PCM minor
frame. This time stamp is not applicable for throughput mode. First long word bits
and second long word bits indicate the following values:

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

0 Absolute time, if enabled by bit 6 in the packet flags (Subsection 11.2.1.1 item
g). The time format is indicated by bits 2 and 3 in the packet flags
(Subsection 11.2.1.1 item g). The time tag shall be correlated to the first data
bit of the minor frame.
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e Intra-Packet Data Header

o0 32-Bit Alignment (32-Bit Alignment mode ONLY). Bits 31-16 are zero-
filled.

0 Lock Status (LOCKST). Bits 15-12 indicate the lock status of the frame
synchronizer for each minor frame.

0 Bits 15-14: Indicates minor frame status.

00 = Reserved

01 = Reserved

10 = Minor frame check (after losing lock)
11 = Minor frame lock

0 Bits 13-12: Indicates major frame status.

00 = Major frame not locked

01 = Reserved

10 = Major frame check (after losing lock)
11 = Major frame lock

0 Reserved. Bits 11-0 are reserved.

11.2.3 Time Data Packets

11.2.3.1 Time Data Packets, Format 0. Reserved.

11.2.3.2 Time Data Packets, Format 1 (IRIG/GPS/RTC)
Time is treated like another data channel. If a time source other than NONE is used
(Figure 11-11), the time packet will be generated at a minimum frequency of 1 hertz.

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

Figure 11-11. Time Packet Channel-Specific Data Format

e Inter-Range Instrumentation Group (IRIG) Time Type Formats. The 10-MHz RTC
shall be captured for insertion into the time packet data header IAW IRIG 200.2

e All Non-IRIG Time Type Formats. The 10-MHz RTC shall be captured for insertion
into the time packet data header consistent with the resolution with the time packet
body format (10 milliseconds [ms] as measured by the 10-MHz RTC).

of each session. Only static Computer-Generated Data, Format 1

NOT‘I', A time data packet shall be the first dynamic data packet at the start
packets may precede the first time data packet.

2 Range Commanders Council. “IRIG Serial Time Code Formats.” RCC 200-16. August 2016. May be
superseded by update. Retrieved 27 April 2017. Available at http://www.wsmr.army.mil/RCCsite/Documents/200-

16 IRIG Serial Time Code Formats/.
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one time data packet is required IAW the

NOT? If the time data packet source is None, at least
previous note.

A packet with time data has the basic structure shown in Table 11-12. Note that the
width of the structure is not related to any number of bits. This drawing is merely to represent
relative placement of data in the packet. Time packets do not have IPHSs.

Table 11-12. General Time Data Packet, Format 1

Packet Header
Channel-Specific Data
Time Data

Packet Trailer

a. Time Packet Channel-Specific Data. The packet body portion of each time data packet
begins with a CSDW formatted as shown in Figure 11-11.

e Reserved. Bits 31-16 are reserved.

e |[RIG Time Source (ITS). Bits 15-12 provide dynamic information regarding the
source of time for an internal IRIG time code generator (TCG) when FMT is IRIG-A,
B, or G. The ITS 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 TCG locked to external IRIG time signal

0100 = IRIG TCG locked to external GPS

0101 = IRIG TCG locked to external Network Time Protocol (NTP)

0110 = IRIG TCG locked to external Precision Time Protocol (PTP)

0111 = IRIG TCG locked to external embedded time from input track/channel
such as PCM or MIL-STD-1553

1000-1111 = Reserved

e Date (DATE). Bits 11-8 indicate the date format. All bit patterns not used to define a
date format type are reserved for future growth.

0 Bits 11-10: Reserved.
o Bit9: Indicates date format.

0 = IRIG day available (Figure 11-12)
1 = Month and year available (Figure 11-13)
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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 [o |o |o [0 |[HDn |TDn Dn

Figure 11-12. Time Data-Packet Format, Day Format
msb Isb
15 14 12 11 8 7 4 3 0
0 TSn Sn Hmn Tmn
0 [0 |THn Hn 0 | TMn Mn
0 |0 |0 [Ton |On TDn Dn
0 0 OYn HYn TYn Yn

Figure 11-13. Time Data-Packet Format, Day, Month, and Year Format

o Bit 8: Indicates if this is a leap year.

0 = Not a leap year
1=1saleap year

e Time Format (FMT). Bits 7-4 indicate the time data packet format.

0x0 = IRIG-B
0x1 = IRIG-A
0x2 = IRIG-G

0x3 = Real-Time Clock

0x4 = Universal Coordinated Time (UTC) time from GPS
0x5 = Native GPS Time

0x6 — OXE = Reserved

OxF = NONE (time packet payload invalid)

e Time Source (SRC). Bits 3-0 indicate the source of the time in the payload of each
time packet.

0x0 = Internal (time derived from a clock in the recorder)

Ox1 = External (time derived from a clock not in the recorder)

0x2 = Internal from RMM (time derived from the clock in the RMM)
0x3 — OXE = Reserved

OxF = None

the time source shall indicate Internal (0x0). Once lock on the external time

NOT? If the time source is external (0x1) and lock on the external source is lost then
source is regained, time source shall once again indicate external (0x1).

b. Time Packet Body. After the CSDW, the time data words are inserted in the packet in
binary-coded decimal format as shown in Figure 11-12 and Figure 11-13 (units of
measure presented in Table 11-13).
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Table 11-13. Units of Measure
Tmn | Tens of ms TDn Tens of days
Hmn | Hundreds of ms HDn Hundreds of days
Sn Units of seconds On Units of months
TSn | Tens of Seconds TON Tens of months
Mn Units of minutes Yn Units of years
TMn | Tens of minutes TYn Tens of years
Hn Units of hours HYn Hundreds of years
THn | Tens of hours oYn Thousands of years
Dn Units of days 0 Always zero

11.2.3.3 Time Data Packets, Format 2 (Network Time)

The Format 2 Network Time packet data type is used to extract and encapsulate absolute
time from NTP or IEEE-1588 PTP and time tag it with the RTC. The Format 2 Network Time
packet will be generated at a minimum frequency of 1 hertz unless it is recorded at the raw
network rate of the NTP or PTP frames.

The NTP is referenced in UTC time with an epoch of January 1, 1900. The NTP time
includes leap seconds.

The PTP is referenced in International Atomic Time with an epoch of January 1, 1970.
The PTP time does not include leap seconds.

NOT‘I', A time data packet shall be the first dynamic data packet at the start

of each recording. Only static Computer-Generated Data, Format 1
packets may precede the first time data packet in the recording.

The Format 2 Network Time packet has the basic structure shown in Table 11-14. Note
that the width of the structure is not related to any number of bits. This drawing is merely to
represent relative placement of data in the packet. Format 2 Network Time packets do not have
IPHs.

Table 11-14. General Time Data
Packet, Format 1

Packet Header
Channel-Specific Data
Time Data

Packet Trailer

a. Time Packet Channel-Specific Data. The packet body portion of each time data packet
begins with a CSDW formatted as shown in Figure 11-14.
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b. msb Isb
31 8 7 4 3 0
Reserved | NTF | TS
Figure 11-14. Format 2 Network Time Packet Channel-Specific Data
Format

e Reserved. Bits 31-8 are reserved.

e Network Time Format (NTF). Bits 7-4 indicate the time data packet format.

0x0 = Network Time Protocol Version 3 (Request for Comment 13053).
0x1 = IEEE-1588-2002

Ox2 = IEEE-1588-2008

0x3 — OxF = Reserved

e Time Status (TS). Bits 3-0 indicate the status of the network time.

0x0 = Time Not Valid
0x1 = Time Valid
0x2 — OxF= Reserved

c. Time Packet Body. After the CSDW, the time data is inserted in the packet as shown in
Figure 11-15 for NTP and Figure 11-16 for PTP.

msb Isb
31 0
Time Unsigned Seconds
Time Unsigned Seconds Fractions

Figure 11-15. Format 2 Network Time Packet NTP Time Data

msb Isb
31 0
Time Unsigned Seconds
Time Unsigned Nanoseconds

Figure 11-16. Format 2 Network Time Packet PTP Time Data

11.2.4 MIL-STD-1553 Packets

11.2.41 MIL-STD-1553 Bus Data Packets, Format O.
Reserved.

11.2.4.2 MIL-STD-1553 Bus Data Packets, Format 1 (MIL-STD-1553B Bus Data)

Data in the MIL-STD-1553 bus format is packetized as messages, with each 1553 bus
transaction recorded as a message. A transaction is a bus controller (BC)-to-remote terminal
(RT), RT-to-BC, or RT-to-RT word sequence, starting with the command word and including all

3 Internet Engineering Task Force. “Network Time Protocol (Version 3) Specification, Implementation and
Analysis.” RFC 1305. March 1992. Obsoleted by RFC 5905. Retrieved 22 June 2017. Available at
https://datatracker.ietf.org/doc/rfc1305/.
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data and status words that are part of the transaction, or a mode code word broadcast. Multiple
messages may be encoded into the data portion of a single packet.

a. MIL-STD-1553 Packet Channel-Specific Data. The packet body portion of each MIL-
STD-1553 data packet begins with a CSDW formatted as shown in Figure 11-17.

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

Figure 11-17. MIL-STD-1553 Packet Channel-Specific Data Format

e Time Tag Bits (TTB). Bits 31-30 indicate which bit of the MIL-STD-1553 message
the IPH 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

e Reserved. Bits 29-24 are reserved.

e Message Count (MSGCOUNT). Bits 23-0 indicate the binary value of the number of
messages included in the packet. An integral number of complete messages will be in
each packet.

b. MIL-STD-1553 Packet Body. A packet within MIL-STD-1553 messages has the basic
structure shown in Table 11-15. Note that the width of the structure is not related to any
number of bits. This drawing is merely intended to represent relative placement of data
in the packet.

Table 11-15. MIL-STD-1553 Data Packet, Format 1
Basic Layout

Packet Header
Channel-Specific Data
Intra-Packet Time Stamp for Message 1
Intra-Packet Data Header for Message 1
Message 1
Intra-Packet Time Stamp for Message 2
Intra-Packet Data Header for Message 2
Message 2

Intra-Packet Time Stamp for Message N
Intra-Packet Data Header for Message N
Message N
Packet Trailer
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c. MIL-STD-1553 Intra-Packet Header. After the channel-specific data, the MIL-STD-
1553 data are inserted into the packet in messages. Each MIL-STD-1553 message is
preceded by an IPH consisting of an IPTS and an IPDH.

(1) MIL-STD-1553 Intra-Packet Time Stamp. These 8 bytes indicate the time tag of the
MIL-STD-1553 message as follows.

e The 48-bit RTC that corresponds to the data bit indicated in the MIL-STD-
1553 channel-specific data, TTBs (Subsection 11.2.4.2 item a) with bits 31 to
16 in the second long word zero-filled; or

e The absolute time, if enabled by bit 6 in the packet flags (Subsection 11.2.1.1
item g). The time format is indicated by bits 2 and 3 in the packet flags
(Subsection 11.2.1.1 item g). The time tag shall be correlated to the data bit
indicated in the MIL-STD-1553 channel-specific data, TTBs (Subsection
11.2.4.2 item a).

(2) MIL-STD-1553 Intra-Packet Data Header. The length of the IPDH is fixed at 6
bytes (48 bits) positioned contiguously, in the following sequence (Figure 11-18).

msb Isb
15 0
Block Status Word
Gap Times Word
Length Word

Figure 11-18. MIL-STD-1553 Intra-Packet Data Header

e Block Status Word (BSW). Bits 15-0 contain the block status word for both
the message type and any 1553 bus protocol errors that occurred during the
message transfer. The block status word bit definitions are in Figure 11-19.

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

Figure 11-19. Block Status Word

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

0 = Message was from channel A
1 = Message was from channel B

e Message Error (ME). Bit 12 indicates a message error was
encountered.

0 = No message error
1 = Message error

e RT to RT Transfer (RR). Bit 11 indicates a, RT to RT transfer;
message begins with two command words.

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

Format Error (FE). Bit 10 indicates any illegal gap on the bus other
than response timeout.

0 = No format error
1 = Format error

e Response Time Out (TM). Bit 9 indicates a response time out
occurred. The bit is set if any of the status word(s) belonging to this
message didn’t arrive within the response time of 14 microseconds
(ps) defined by MIL-STD-1553B.4

0 = No response time out
1 = Response time out

e Reserved. Bits 8-6 are reserved.

e Word Count Error (LE). Bit 5 indicates that the number of data words
transmitted is different than identified in the command word. A MIL-
STD-1553B status word with the busy bit set to true will not cause a
word count error. A transmit command with a response timeout will
not cause a word count error.

0 = No word count error
1 = Word count error

e Sync Type Error (SE). Bit 4 indicates an incorrect sync type occurred.

0 = No sync type error
1 = Sync type error

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

0 = No invalid word error
1 = Invalid word error

e Reserved. Bits 2-0 are reserved.

as defined by MIL-STD-1553. The resolution of the response time shall be in
tenths of ps. A maximum of two response time words can exist. Messages of
RT-to-RT type shall have two response time words if both terminals respond,;
all other messages will have one response time word, or none for broadcast
type messages or messages with no RT response.

NOT? Gap Times (response time): The gap times word indicates RT response times

e Gap Times Word. Bits 15-0 indicate the number of tenths of s in length of
the internal gaps within a single transaction. For most messages, only GAP1

4 Department of Defense. “Aircraft Internal Time Division Command/Response Multiplex Data Bus.” MIL-STD-
1553B. 15 January 1996. May be superseded by update. Retrieved 27 April 2017. Available at
http://quicksearch.dla.mil/gsDocDetails.aspx?ident_number=36973.
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is meaningful. It measures the time between the command or data word and
the first (and only) status word in the message. For RT-to-RT messages,
GAP2 measures the time between the last data word and the second status
word. The gap times word bit definitions are as shown in Figure 11-20.

msb Isb
15 8 7 0
GAP2 | GAP1

Figure 11-20. Gap Times Word

time measurements from the mid-bit zero crossing of the parity bit of

NOT‘P’ Gap measurements shall be made IAW MIL-STD-1553 response
the last word to the mid-zero crossing of the sync of the status word.

e Length Word. Bits 15-0 contain the length of the message, which is the total
number of bytes in the message. A message consists of command words, data
words, and status words.

Packet Format. Unless an error occurred, as indicated by one of the error flags in the
block status word, the first word following the length word shall always be a command
word. The resultant packets have the format shown in Table 11-16.

Table 11-16. MIL-STD-1553 Data Packet, Format 1

msb Isb
15 0
Packet Header

Channel-Specific Data (Bits 15-0)

Channel-Specific Data (Bits 31-16)

Intra-Packet Time Stamp for Msg 1 (Bits 15-0)

Intra-Packet Time Stamp for Msg 1 (Bits 31-16)

Intra-Packet Time Stamp for Msg 1 (Bits 47-32)

Intra-Packet Time Stamp for Msg 1 (Bits 63-48)

Intra-Packet Data Header for Msg 1 (Bits 15-0)

Intra-Packet Data Header for Msg 1 (Bits 31-16)

Intra-Packet Data Header for Msg 1 (Bits 47-32)

Command Word

Command, Status, or Data Word

Data or Status Word

Data or Status Word

Intra-Packet Time Stamp for Msg 2 (Bits 15-0)

Intra-Packet Time Stamp for Msg 2 (Bits 31-16)

Intra-Packet Time Stamp for Msg 2 (Bits 47-32)

Intra-Packet Time Stamp for Msg 2 (Bits 63-48)

Intra-Packet Data Header for Msg 2 (Bits 15-0)
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Intra-Packet Data Header for Msg 2 (Bits 31-16)
Intra-Packet Data Header for Msg 2 (Bits 47-32)
Command Word
Command, Status, or Data Word
Data or Status Word

Data or Status Word

Intra-Packet Time Stamp for Msg N (Bits 15-0)
Intra-Packet Time Stamp for Msg N (Bits 31-16)
Intra-Packet Time Stamp for Msg N (Bits 47-32)
Intra-Packet Time Stamp for Msg N (Bits 63-48)
Intra-Packet Data Header for Msg N (Bits 15-0)
Intra-Packet Data Header for Msg N (Bits 31-16)
Intra-Packet Data Header for Msg N (Bits 47-32)

Command Word

Command or Data Word

Data or Status Word

Data or 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 for the F-16 MIL-STD-1553 weapons multiplex
bus as defined in document 16PP362B.5 A 16PP194 transaction consists of six each 32-bit
words consisting of a 16PP194 COMMAND (1), COMMAND (1) ECHO, COMMAND (2),
COMMAND (3) GO/NOGO, COMMAND (4) GO/NOGO, and STATUS as illustrated in Figure
11-21. Multiple transactions may be encoded into the data portion of a single packet.

M (&) Q) (5)
TX — = | COMMAND (1) COMMAND (2) ngm%Ng O(3) cggw\oug c§4)
(3) (6)
< COMMAND (1)
RX - ECHO STATUS

Figure 11-21. 16PP194 Message Transaction

a. MIL-STD-1553 16PP194 Packet Channel-Specific Data Word. The packet body portion
of each 16PP MIL-STD-1553 data packet begins with a CSDW formatted as shown in

5> Lockheed Martin Corporation. “Advanced Weapons Multiplex Data Bus.” 8 June 2010. May be superseded by
update. Retrieved 27 April 2017. Available to RCC members with Private Portal access at
https://wsdmext.wsmr.army.mil/site/rccpri/Limited Distribution_References/16PP362B.pdf.
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Figure 11-22. Bits 31-0 indicate the binary value of the number of messages included in
the packet. An integral number of complete transaction messages will be in each packet.

msb Isb
31 0
MSGCOUNT

Figure 11-22. Military Standard 1553 16PP194 Packet Channel-Specific
Data Format

b. MIL-STD-1553 16PP194 Packet Body. A packet with n MIL-STD-1553 16PP194
transactions has the basic structure shown in Table 11-17 below. This drawing is merely
to represent relative placement of data in the packet.

Table 11-17. MIL-STD-1553 16PP194 Data Packet Basic Layout

msb Isb
31 0

Packet Header

16PP194 Channel-Specific Data Word

Intra-Packet Time Stamp (LSLW)

Intra-Packet Time Stamp (MSLW)

Intra-Packet Data Header Length Word | Intra-Packet Data Header Status Word

Data 1

Intra-Packet Time Stamp (LSLW)

Intra-Packet Time Stamp (MSLW)

Intra-Packet Data Header Length Word | Intra-Packet Data Header Status Word

Data N

PACKET TRAILER

c. MIL-STD-1553 16PP194 Intra-Packet Header._ The IPH consists of the IPDH (LENGTH
and STATUS) and the IPTS.

e MIL-STD-1553 16PP194 Intra-Packet Data Header LENGTH. The length word
contains the length in bytes of the intra-packet data.

NOTV The intra-packet length is fixed to 0x18, 24

bytes.

e MIL-STD-1553 16PP194 Intra-Packet Data Header STATUS. The status word
contains error and special handling information about the data. When set to a “1”, the
error indicator bits reflect that such an error is present in the data or occurred during
data reception. The format of the status word is shown in Figure 11-23.
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msb Isb
15 14 13 12 7 6 5 4 3 2 0
TE |[|RE|TM |RESERVED |SE |R |EE | RESERVED
Figure 11-23. Military Standard 1553 16PP194 Intra-Packet Data Header
Format

o Transaction Error (TE). Bit 15 indicates an error condition found in 16PP194
transaction.

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

0 Reset (RE). Bit 14 indicates a 16PP194 bus master reset.

0 = No master reset
1 = Master reset assertion detected

0 Message Time Out (TM). Bit 13 indicates a transaction time out occurred.

0 = No message time out
1 = Message time out

Reserved. Bits 12-7 are reserved.
Status Error (SE). Bit 6 indicates status word missing in transaction.

0 = Status word present
1 = Status word missing

Reserved (R). Bits 5-4 are reserved.
Echo Error (EE). Bit 3 indicates echo word missing in transaction.

@]

0 = Echo word present
1 = Missing echo word

o0 Reserved. Bits 2-0 are reserved.

e MIL-STD-1553 16PP194 Intra-Packet Time Stamp. The IPTS (64 bits total) contains
a 48-bit relative time stamp in the low-order bits. The 16 high-order bits are zero.

. Packet Format. Unless an error occurred, as indicated by one of the error flags in the
IPDH, the first word following the length should always be the first transaction command
word. The resultant packets have the format shown in Table 11-18.

Table 11-18. MIL-STD-1553 16PP194 Data Packet

msb Isb
15 0

Packet Header

Channel-Specific Data (Bits 15-0)

Channel-Specific Data (Bits 31-16)

Intra-Packet Time Stamp (Bits 0-15)

Intra-Packet Time Stamp (Bits 31-16)
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Intra-Packet Time Stamp (Bits 32-47)

Intra-Packet Time Stamp (Bits 48-63)

Intra-Packet Data Header Status

Intra-Packet Data Header Length
Command (1) (Bits 31-16)
Command (1)(Bits 15-0)
Command (1) Echo(Bits 31-16)
Command (1) Echo (Bits 15-0)
Command (2) (Bits 31-16)
Command (2) (Bits 15-0)
Command (3) Go No-Go (Bits 31-16)
Command (3) Go No-Go (Bits 15-0)
Command (4) Go No-Go Echo (Bits 31-16)
Command (4) Go No-Go Echo (Bits 15-0)
Status (Bits 31-16)
Status (Bits 15-0)

Intra-Packet Time Stamp (Bits 0-15)

Intra-Packet Time Stamp (Bits 31-16)

Intra-Packet Time Stamp (Bits 32-47)

Intra-Packet Time Stamp (Bits 48-63)

Intra-Packet Data Header Status

Intra-Packet Data Header Length
Command (1) (Bits 31-16)
Command (1) (Bits 15-0)
Command (1) Echo (Bits 31-16)
Command (1) Echo (Bits 15-0)
Command (2) (Bits 31-16)
Command (2) (Bits 15-0)
Command (3) Go No-Go (Bits 31-16)
Command (3) Go No-Go (Bits 15-0)
Command (4) Go No-Go Echo (Bits 31-16)
Command (4) Go No-Go Echo (Bits 15-0)
Status (Bits 31-16)
Status (Bits 15-0)

Packet Trailer |

e. MIL-STD-1553 16PP194 Data Format. Each 26-bit 16PP194 word in a 16PP194
transaction shall be formatted into two 16-bit words (Figure 11-24). The corresponding
16PP194 sync and parity bits will not be formatted into the 16PP194 words.

msh Isb
15 13 12 10 9 8 7 0
BUS ID | GAP |W | P | 16PP194 Data Word (bits 24-17)
16PP194 Data Word (bits 16-1)

Figure 11-24. Military Standard 1553 26-Bit 16PP194 Word
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MIL-STD-1553 16PP194 Bus ID (BUS ID). A three-bit field shall be used to

indicate 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

MIL-STD-1553 16PP194 GAP (GAP). A three-bit field shall be used to indicate
GAP between transactions as follows.

111 | GAP>9.15 s

110 7.55 us < GAP <9.15 s
101 5.95 us < GAP <7.55 us
100 4.35 pus < GAP <5.95 us
011 2.75 us < GAP <4.35 s
010 2.75 us < GAP <4.35 s
001 1.15 us < GAP <2.75 ps
000 Not Applicable

parity bit from the previous received word to mid-
crossing of the sync bit of the current word in 1-ps
counts.

NOTV Gap time is measured from mid-crossing of the

MIL-STD-1553 16PP194 Word Bit Error (W). If the bit is set to “1,” this indicates
that a Manchester error was detected in the word.

MIL-STD-1553 16PP194 Word Parity Error (P). If the bit is set to “1,” this indicates
that a parity error occurred in the word.

16PP194 Data Word. Bits 16-1 contain the 16PP194 data field as in Figure 11-25.

11-33



Telemetry Standards, IRIG Standard 106-17 Chapter 11, July 2017

MSB

LSB

o

25|24|23(22121(20(19(18|17|16|15|14|13|12(11({10(9 |8 |7 |6 |5 |4 |3 |2 |1

RIU RIU SUB
ADDRESS ADDRESS DATA FIELD

OZ<w
<—4—2>7T

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

RIU RIU SUB
‘ BusiD ‘ CAP |V|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)

Figure 11-25. 16PP194 Word Format

e 16PP194 Data Word. Bits 24-17 contain the 16PP194 remote interface unit (R1U)
address and RIU subaddress as in Figure 11-25.

11.2.5 Analog Data Packets

11.25.1 Analog Data Packets, Format 0
Reserved.

11.25.2 Analog Data Packets, Format 1
The generic packet structure for analog data is illustrated in Table 11-19.

Table 11-19. Generic Analog Data Packet, Format 1

Packet Header
Channel-Specific Data Word, Subchannel 1
Channel-Specific Data Word, Subchannel 2

Channel-Specific Data Word, Subchannel M
Sample 1
Sample 2

Sample N
Packet Trailer
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An analog data packet will contain a CSDW for each subchannel of analog data sampled
within that packet if the SAME bit is set to 0, or it will contain a single CSDW for the entire
analog packet if the SAME bit is 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 subchannel,
described by a CSDW, is sampled at least once. In many cases, due to simultaneous sampling
rules and varied sampling rates, a particular subchannel will be sampled more than once during a
sampling schedule. In addition, multiple complete sampling schedules may be included in a
single packet. For these reasons, the number of CSDWs will usually be less than the number of
samples.

Table 11-19 depicts the generic packet data structure for M data subchannels and a single
sampling schedule that has a length N. Note that the width of the structure is not related to any
number of bits and is merely intended to represent relative placement of words within the packet.

NOT? The packet header time in an analog data packet

shall correspond to the first data sample in the
packet. There are no IPHSs in analog data packets.

a. Analog Packet Channel-Specific Data. The packet body portion of each analog packet
begins with the CSDW(s). Each subchannel that is sampled with the packet sampling
schedule must have a CSDW within the packet. Only one CSDW is required if
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
used to indicate same sampling data rate for subchannels.

The CSDWs for analog data packets are formatted as shown in Figure 11-26.

msb Isb
31 29 28 27 24 23 16 15 8 7 2 1 0
RESERVED |SAME |[FACTOR |TOTCHAN [SUBCHAN ILENGTH  |[MODE

Figure 11-26. Analog Packet Channel-Specific Data Word

e Reserved. Bits 31-29 are reserved.

e Same. Bit 28 specifies if this CSDW applies for all the channels included in the
packet or if each channel has its own CSDW.

0 = Each analog channel has its own CSDW.
1 =The CSDW is valid for all analog channels stored in this packet.

e Factor. Bits 27-24 are the exponent of the power of 2 sampling rate factor
denominator for the corresponding subchannel in the range 0 to 15. (The sampling
rate factor numerator is always 1.)

0x0 = Sampling rate factor denominator 2°= 1 = > factor = 1/1
0x1 = Sampling rate factor denominator 2!= 2 = > factor = ¥
0x2 = Sampling rate factor denominator 22= 4 = > factor = ¥4
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OxF = Sampling rate factor denominator 21°= 32768 = > factor = 1/32768

Totchan. Bits 23-16 indicate the total number of analog subchannels in the packet
(and the number of CSDWs in the packet).

This field must be the same value in all CSDWs in a single packet. The Totchan
value may be less than the largest Subchan value. This can happen when a multi-
channel analog input device has some of its subchannels disabled (turned off) for a
specific acquisition session. For example, if an analog input device has eight
subchannels and not all eight are active, an analog data packet may have three
subchannels (Totchan = 3) numbered 4, 7, and 8 (enabled Subchan =4, 7, 8). The
number of subchannels (Totchan) and the subchannel number for each active
subchannel (Subchan) in a packet are identified in the accompanying Telemetry
Attributes Transfer Standard (TMATS) (Computer-Generated Data, Format 1) packet.

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

Subchan. Bits 15-8 indicate a binary value representing the number or subchannel ID
of the analog subchannel.

When an analog packet contains data from more than one subchannel and the CSDWs
are not the same for all channels (see field Same, bit 28), the CSDWs must be
inserted into the packet in ascending subchannel number as identified by this field.
The Subchan values in these CSDWs need not be contiguous (see Totchan), but they
must be in ascending decimal numerical order with the exception that subchannel 0
(256) is last. If the Same bit is set, the Subchan field shall be set to zero.

0x01 = Subchannel 1
0x02 = Subchannel 2

0x00 = éubchannel 256

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

000000 = 64-bit samples
000001 = 1-bit samples
001000 = 8-bit samples

001100 = 12-bit samples

Mode. Bits 1-0 indicate alignment and packing modes of the analog data. 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, Isb padded
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10 = Reserved for future definition
11 = Data is unpacked, msbh padded

two options: a) one channel with no subchannels; or b) one channel as its

NOT‘I‘, For the special case of defining a single channel (Totchan = 1), there are
own subchannel. In such cases the bits are to be defined as follows.

One channel with | One channel with
no subchannel one subchannel
Totchan (bits 23-16) | 1 1
Same (bit 28) 1 0
Subchan (bits 15-8) 0 1

b. Analog Samples. A simultaneous sampling scheme shall be employed to preserve timing

relationships and allow for accurate reconstruction of the data. The highest sampling rate
required shall define the primary simultaneous sampling rate within the packet. The
primary simultaneous sampling rate is identified in the TMATS file describing the
attributes of the analog data packet. The rate at which the other subchannels are sampled
is then defined by the sampling factor (1, %2, ¥4, 1/8, 1/16, 1/32768) for each subchannel.
As an example, a sampling factor of % would yield that subchannel being sampled at
one-fourth 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 CSDW(s), at least one complete sampling schedule shall be
inserted in the packet. The samples, within the sampling sequence, may be inserted
either unpacked, msb packed, or Isb packed as described in Subsection 11.2.5.2 items
b(1) and b(2). In either case, one or more subchannels may be included in a single
packet. When multiple subchannels are encapsulated into a single packet, the subchannel
with the highest sampling rate requirement defines the primary simultaneous sampling
rate. The rate at which the other subchannels are sampled is defined by the sampling
factor (contained within the CSDWSs). Sampling factors are defined as:

)
2 'K=01,2345, ..

of the primary simultaneous sampling rate X.
The subchannels are then sampled and ordered such that:

e The highest sample rate 1*X subchannel(s) appear in every simultaneous sample;

e The [%) x X subchannel(s) appear in every 2nd simultaneous sample;

1
e The [Zj * X subchannel(s) appear in every 4th simultaneous sample;

... and so on until all the subchannels are sampled, resulting in a complete sampling
schedule of all subchannels described by the CSDWs. In doing so, the total number of
simultaneous samples (not the total number of samples) will equal the denominator of the
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smallest sampling factor and all subchannels will be sampled in the last simultaneous
sample.

For example, a packet with six subchannels with sampling factors %2, 1/8, 1, %, 1, and 1/8
respectively will yield a sampling sequence 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 smallest sampling factor defines the number of
simultaneous samples within the packet (in this example, 8); however, the total number
of samples within the sampling schedule does not have to equal the number of
simultaneous samples (in this example, 26). Also notice that all subchannels are sampled
during the last simultaneous sample. The order of the subchannel samples in each
simultaneous sample is ascending by subchannel number.

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

(1) Unpacked Mode. In unpacked mode, packing is disabled and each sample is
padded with the number of bits necessary to align each word with the next 16-bit
boundary in the packet. Four pad bits are added to 12-bit words, eight pad bits are
added to 8-bit words, etc. All pad bits shall equal zero.
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NOTE Samples less than 8 bits go into a 16-bit
‘, word boundary.

To illustrate msb padding, given M analog subchannels mapping into N samples for
the special case of all samples having bit lengths of 12 bits, the resultant analog
packets with msb padding have the form shown in Table 11-20.

Table 11-20. Analog Data Packet-Unpacked Mode, msb Padding

msb Isb
15 0
Packet Header

Channel-Specific Data Word, Subchannel 1 (Bits 15-0)
Channel-Specific Data Word, Subchannel 1 (Bits 31-16)
Channel-Specific Data Word, Subchannel 2 (Bits 15-0)
Channel-Specific Data Word, Subchannel 2 (Bits 31-16)

Channel-Specific Data Word, Subchannel M (Bits 15-0)
Channel-Specific Data Word, Subchannel M (Bits 31-16)

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

Packet Trailer

To illustrate Isb packing, given M analog subchannels mapping into N samples for
the special case of all samples having bit lengths of 12 bits, the resultant analog
packets with Isb padding have the form shown in Table 11-21.

Table 11-21. Analog Data Packet-Unpacked Mode, Isb Padding

msb Isb
15 0
Packet Header

Channel-Specific Data Word, Subchannel 1 (Bits 15-0)

Channel-Specific Data Word, Subchannel 1 (Bits 31-16)

Channel-Specific Data Word, Subchannel 2 (Bits 15-0)

Channel-Specific Data Word, Subchannel 2 (Bits 31-16)

Channel-Specific Data Word, Subchannel M (Bits 15-0)
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Channel-Specific Data Word, Subchannel M (Bits 31-16)

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

Packet Trailer

)

Packed Mode. In packed mode, packing is enabled and padding is not added to
each data word; however, if the number of bits in the packet are not an integer
multiple of 16, then Y filler bits will be used to msb fill the last data word, forcing
alignment on a 16-bit boundary. The value of Y is 16 minus the integer remainder
of L, the total number of data bits in the packet, divided by 16 and is
mathematically expressed as:

Y = 16-(MODULUS{L,16}).

To illustrate msb padding, given M analog subchannels mapping into N samples for
the special case of all samples having bit lengths of 12 bits, the resultant analog
packets with padding bits at the end of the Nth sample have the form shown in
Table 11-22.

Table 11-22. Analog Data Packet-Packed Mode Packet

msb Isb
15 0
Packet Header

Channel-Specific Data Word, Subchannel 1 (Bits 15-0)

Channel-Specific Data Word, Subchannel 1 (Bits 31-16)

Channel-Specific Data Word, Subchannel 2 (Bits 15-0)

Channel-Specific Data Word, Subchannel 2 (Bits 31-16)

Channel-Specific Data Word, Subchannel M (Bits 15-0)

Channel-Specific Data Word, Subchannel M (Bits 31-16)

Sample 2 (Bits 3-0) | Sample 1 (Bits 11-0)

Sample 3 (Bits 7-0) | Sample 2 (Bits 11-4)

Y Padding Bits Sample N (Bits 11-0)

Packet Trailer
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11.2.6  Discrete Data Packets

11.2.6.1 Discrete Data Packets, Format 0.
Reserved.

11.2.6.2 Discrete Data Packets, Format 1

A packet with discrete data has the basic structure shown in Table 11-23. Note that the
width of the structure is not related to any number of bits. This drawing is merely intended to
represent relative placement of data in the packet. One to 32 discrete states may be recorded for
each event.

Table 11-23. General Discrete Data Packet, Format 1

Packet Header
Channel-Specific Data
Intra-Packet Header for Event 1
Event 1 States

Intra-Packet Header for Event 2
Event 2 States

Intra-Packet Header for Event N
Event N States
Packet Trailer

a. Discrete Packet Channel-Specific Data Word. The packet body portion of each discrete
packet begins with the CSDW, which is formatted as shown in Figure 11-27.

msb Isb
31 8 7 3 2 0
RESERVED | LENGTH | MODE

Figure 11-27. Discrete Packet Channel Data Word

e Reserved. Bits 31-8 are reserved.

e Length. Bits 7-3 indicate a binary value representing the number of bits in the event.
The value of zero indicates 32 bits.

e Mode. Bits 2-0 indicate the mode of accessing the discrete data.
o0 Bit0: indicates the record state.

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

o0 Bit 1: indicates the alignment of the data.

0=Isb
1=msb

o Bit2: reserved.
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b. Discrete Data. After the channel-specific data, discrete data (Figure 11-28) is inserted in

the packet. Discrete data are described as events. Each event includes the event state for
each discrete input and the corresponding intra-packet time. The event state is a 32-bit
word that provides the logical state of each discrete input.

msb Isb
31 30 1 0
D31 [ D30 | .. D1 | DO

C.

Figure 11-28. Discrete Data Format

e Discrete Event Bits. Bits 31-0 indicate the states of the discrete event bits.
Bit 31: indicates discrete 31 (D31) state.

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

Bit 30: indicates discrete 30 (D30) state.

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

Bit 1: indicates discrete 1 (D1) state.

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

Bit O: indicates discrete 0 (DO) state.

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

Discrete Event Intra-Packet Header. All discrete events shall include an IPH consisting
of an IPTS only, which is inserted immediately before the discrete event. The length of
the IPH is fixed at 8 bytes (64 bits) positioned contiguously, arranged in the sequence

shown in Figure 11-29.

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

Figure 11-29. Discrete Event Intra-Packet Header

e Intra-Packet Time Stamp. These 8 bytes indicate the time tag of the discrete event.
First long word bits 31-0 and second long word bits 31-0 indicate the following
values:

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

(2) The absolute time, if enabled by bit 6 in the packet flags (Subsection 11.2.1.1 item
g). The time format is indicated by bits 2 and 3 in the packet flags (Subsection
11.2.1.1 item g). The time tag shall be correlated to the first data bit of the discrete
event. The discrete data packet format is presented in Table 11-24.
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Table 11-24. Discrete Data Packet Format

msb Isb
15 0
Packet Header

Channel-Specific Data (Bits 15-0)

Channel-Specific Data (Bits 31-16)

Intra-Packet Time Stamp for Event 1 (Bits 15-0)

Intra-Packet Time Stamp for Event 1 (Bits 31-16)

Intra-Packet Time Stamp for Event 1 (Bits 47-32)

Intra-Packet Time Stamp for Event 1 (Bits 63-48)

States for Event 1 (Bits 15-0)

States for Event 1 (Bits 31-16)

Intra-Packet Time Stamp for Event N (Bits 15-0)
Intra-Packet Time Stamp for Event N (Bits 31-16)
Intra-Packet Time Stamp for Event N (Bits 47-32)
Intra-Packet Time Stamp for Event N (Bits 63-48)
States for Event N (Bits 15-0)
States for Event N (Bits 31-16)

Packet Trailer

11.2.7 Computer-Generated Data Packets

Packets with computer-generated data have the basic structure shown in Table 11-25.
Formats 0, 1, 2, and 3 are used to add information packets to recorded data. This information
contains annotation data, setup records, events, or index information for the data that has been
recorded. The width of the structure is not related to any number of bits. This drawing is merely
intended to represent relative placement of data in the packet.

within the recorder. After the CSDW, the computer-generated data is
inserted in the packet. The organization and content of the computer-
generated data is determined by the specific format type.

NOT? Computer-generated data is defined as non-external data or data generated

Table 11-25. General Computer-Generated Data Packet Format

Packet Header
Channel-Specific Data
Computer Generated Data
Packet Trailer

11.2.7.1 Computer-Generated Data Packets Format 0, User-Defined

Format O enables the insertion of user-defined computer-generated data. Data shall not
be placed in packets of this type if the data type is already defined within this standard nor shall
data be inserted in this packet if it is directly generated from an external input to the recorder.
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e Format 0 Channel-Specific Data Word. The packet body portion of each Format 0

packet begins with the CSDW, which is formatted as shown in Figure 11-30.

e Reserved. Bits 31-0 are reserved.

msb Isb
31 0
RESERVED

Figure 11-30. Computer-Generated Format 0 Channel-Specific Data Word

however, they are considered as “User” or

NOT‘I‘, For this format, bits 31-0 are declared reserved;
“Application” defined.

11.2.7.2 Computer-Generated Data Packets Format 1, Setup Records

Format 1 defines a setup record that describes the hardware, software, and data channel
configuration used to produce the other data packets in the file. The organization and content of
a Format 1 setup record is indicated in the CSDW FRMT field.

A single setup record may span multiple consecutive packets. When spanning multiple
packets, the sequence counter shall increment in the order of segmentation of the setup record,

n+1.

a. Format 1 Channel-Specific Data Word. The packet body portion of each Format 1 packet

begins with the CSDW, which is formatted as shown in Figure 11-31.

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

Figure 11-31. Computer-Generated Format 1 Channel-Specific Data Word

e Reserved. Bits 31-10 are reserved.
e FRMT. Bit9 is the setup record format.

0 = Setup record IAW Chapter 9 ASCII Format
1 = Setup record IAW Chapter 9 XML Format

Chapter 9 TMATS attributes in the same session

NOT‘P" It is not permissible to have both ASCII and XML
(e.g., recording).

e Setup Record Configuration Change (SRCC). Bit 8 indicates if the recorder

configuration contained in the previous setup record packet(s) of the current
recording session (defined as .RECORD to .STOP) has changed.

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

NOT‘P, When a setup record configuration change has taken place, bit 8 (SRCC)

stream, a setup record configuration change event

NOT? Prior to the new setup record being committed to the
packet shall be inserted into the stream.

applicable setup record requirements including, but not

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

e RCC 106 Version (RCCVER). Bits 7-0 specify which RCC release version applies
and to which the following recorded data complies with. The value shall be
represented by the following bit patterns.

0x00 through 0x06 = Reserved
0x07 = RCC 106-07
0x08 = RCC 106-09
0x09 = RCC 106-11
Ox0A = RCC 106-13
0x0B = RCC 106-15
0x0C = RCC 106-17
0x0D through OxFF = Reserved

Individual Chapter 11 data types and their format/content compliance and
applicability with the RCC release version are defined in Subsection 11.2.1.1 item e.

Note that this field was known as “CH10VER” in RCC versions 106-04 through 106-
15, where it was described in Chapter 10 Subsection 10.6.7.2.

11.2.7.3 Computer-Generated Data Packets Format 2, Recording Event

Format 2 defines a “Recording Event” packet that contains the occurrence and
information of one or more individual events that have been defined within the Format 1 setup
record IAW “Recording Events” attribute. If the recording events information is larger than the
maximum packet size of 512 KB, the recording events information may be contained in multiple
packets using the major packet header sequence number.

Events associated with the .EVENT command defined in Chapter 6 Subsection 6.2.4.13
can only be directly accessed from the acquisition system itself (e.g., recorder system) and are
not contained within the output or recorded data. This does not preclude defining an event
driven by the . EVENT command to also be defined within the recording event setup record
information and placed in the appropriate event entry within an event packet. The .EVENT
command and the “Recording Event” packets will not be directly linked in this standard and any
linking between the two will be an implementation of this standard within a recorder.
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data to be directly coupled with recorder events per
the . EVENT command in Chapter 6 Subsection
6.2.4.13.

NOT? It is not the intent for the event packets within the

a. Event Packet Location. Recording event packets may be placed at any location within
the recording after the first time data packet and before the last root index packet. This
may be at the time each event occurs, after multiple events have occurred, or at an
interval of time or packets. The complete event log of a recording (defined in Subsection
11.2.7.3 item c) is constituted by the contents of all event packets in a recording
concatenated in order of which the event(s) occurred in time.

NOT‘P, Index packets will be enabled if recording event

packets are enabled. Note that Index packets are only
meaningful if a Chapter 10 file is being used to record
packets.

b. Channel-Specific Data Word. The packet body portion of each Format 2 packet begins
with the CSDW, which is formatted as shown in Figure 11-32.

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

Figure 11-32. Computer-Generated Format 2 Channel-Specific Data Word
e Recording Event Intra-Packet Data Header. Bit 31 indicates the presence of the
IPDH.

0 = Recording event IPDH not present
1 = Recording event IPDH present

e Reserved. Bits 30-1