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1.1

1.2

1.3

SCOPE:

This SAE Aerospace Standard (AS) establishes the requirements for the use of IEEE-1394b

as a data bus network in military and aerospace vehicles.

It defines the concept of

operations and information flow on the network. As discussed in 1.4, this specification
contains extensions/restrictions to “off-the-shelf” IEEE-1394 standards, and assumes that
the reader already has a working knowledge of IEEE-1394.

This document is referred to as the ‘base” specification, contalnlng the generlc requirements

that specify,
note that th
implement

architect/int
in a “netwo
manner, thg

contained in a “physical layer” slash sheet, that also may be unique to a parti

application.

In summary, full understanding of this specification requires knowledge of IEH
standards gnd access to the physical layer slash sheéts and the slash sheets
for the target application.

Purpose:

The purp
critical/mi
herein wil
interface

This docyment is controlled and maintained by the SAE with technical supp
Remote Node vendaors:

Applicatign:

The IEE

s specification is not stand alone several requirements prowde 0

nportant to
nly example

tions and delegate the actual implementation to be specified(by the network

egrator for a particular vehicle application. This informationis typ
k profile” slash sheet that is subservient to this base specification
 electrical characteristics of the bus media, as well as.connector i

pse of this document is to_standardize an approach to using IEEE-
5sion-critical applications for military and aerospace vehicles. The
| be used to assist the ‘design, fabrication, and maintenance of the
via the vehicle’s network.

cally contained
In a similar

hformation is

tular vehicle

E-1394b
and handbook

1394 in safety-
information
nodes that

ort from

-1394 Network defined in this document provides a deterministic

ate based

communication protocol overlaid on the existing IEEE-1394 standard capabilities.

Interpretation:

The following interpretations shall be placed upon these words, unless stated otherwise,
where they are used in this document.

May: An

allowed action.

Shall: A mandatory requirement.
Should: A recommended action.
Will: A declaration of intent.
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1.4

1.4.1

1.4.2

1.4.3

1.4.4

1.4.5

1.4.6

Additions to the IEEE-1394, IEEE-1394a, and IEEE-1394b Standards:

Additions include the use of asynchronous stream packets, a fixed frame rate
synchronized with a Start Of Frame packet, addition of a Vertical Parity Check, static
assignment of channel numbers, pre-assignment of bandwidth, and use of Anonymous
Subscriber Messaging.

Use of Asynchronous Streams: Asynchronous streams are used for most
communication on the network. Asynchronous and isochronous packets are not required
but ma i Architectures-and-prote i i of this

Cycle

expect them. Figure 18 in 3.3.3.3 shows an example of interleaving isochfonous packets
and asyjnchronous stream packets.

Synchrgnization Via Start of Frame Packets: A Start Of Frame (STOF) pgcket is
transmifted by the Control Computer;on each bus at a periodic (e.g. 100 Hertz) frame
rate. This packet informs all nodes on the bus that a new frame has started.

Static Alssignment of Chantiel Numbers: Because asynchronous stream packets are, in
reality, isochronous packets, the destination of the packet is identified by a channel
number| Unlike standard 1394, the channel numbers for destination node$ are not
assigned by an Isachronous Resource Manager (IRM). Instead, the chanfel numbers for
each ndde on the bus are pre-assigned, are application specific, and will pe defined as
requireq by the.architecture.

Pre-Asdignment of Bandwidth: The lack of an IRM requires that bandwidth be pre-
assigned, also. Transmit and receive times for each node on the bus are assigned as
offsets, in increments of 1 microsecond, from the start of each frame (STOF packet).
The offsets for each node on the bus are application specific and will be defined as
required by the architecture.

Vertical Parity Check: Vertical Parity Checking (VPC) is performed on the data area of
each packet as an adjunct to the Cyclic Redundancy Check (CRC) performed by the
1394 physical layer devices. The VPC provides additional data integrity as the
messages progress through the physical and software layers.
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1.4.7 Anonymous Subscriber Messaging: Anonymous Subscriber Messaging (ASM) is a
protocol, in which, a Remote Node on the network can subscribe to each message that it
requires. The ASM software in the Remote Node will forward only the messages to
which the Remote Node has subscribed.

ASM is an upper level protocol tailored for the demands of highly modular embedded
real time systems operating under a “data push” paradigm. ASM is designed to be
independent of lower level protocols and, as such, does not utilize the 1394 header to
transport ASM- pecullar mformatlon ASM is tailored to support determlnlstlc secure,

low-late
in missi

physica
network
2. DEFINITIO
2.1 Definition
ASM HEA

informatid
node.

ASYNCH
common
special ck
at the sar

ASYNCH
interval o
asynchro
returned |

ASYNCH
asynchro

bN- crltlcal appllcatlons It uses Message IDs to decouple the netw
addresses so application software can communicate without-kno
topology.

NS AND APPLICABLE DOCUMENTS:
5.

DER: Anonymous Subscriber Messaging Header, the header tha
n relevant to the node transmitting the data and the communicatic

RONOUS: (1) pertaining to a transmission technique that does no
Clock between the communicating devices. Timing signals are der

he time or having the samg period or phase.

RONOUS STREAMPACKET: An isochronous packet that occurs
asynchronoustime frame. Data transmission is carried out in ac
nous arbitration rules; however, there is no acknowledge packet o
by the targeted node.

RONOUS TRANSACTION: A transaction carried out in accordand
nousrarbitration rules. The transaction is always a request/respon
es’'an acknowledgement of data delivery

, and displays
ork traffic from
vledge of

contains
n status of that

| require a
ved from

aracters in the data streantitself. (2) not synchronous, not occuriing or existing

in the fairness
cordance with
response

e with
e transaction

and provi

BER: Bit Error Rate is a parameter relating to the quality of a serial transmission system.
BER is the percentage of bits having errors, relative to the total number of bits received in
a transmission. BER is usually expressed as ten to a negative power.

BIG ENDIAN: Describes a memory-addressing architecture in which, within a given multi-
byte numeric representation, the most significant byte has the lowest address (the word is
stored ‘big-end-first'). Big-endian byte order is also sometimes called ‘network order"'.
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2.1

(Continued):

BRANCH: A node physically connected to two or more nodes (i.e. two or more ports are
connected).

BUS: One of the 1394 trees connected to each CC Branch.

BUS MANAGER: One node residing on the bus may be selected to provide serial bus
services for the benefit of the community of all nodes residing on the bus.

CC: Cont
for its res

CC-BRAN
Remote N

CHANNE
Stream p
number.

addresse

CORBA:

architecty
networks
on almos

ol Computer. The CC is the root node, Cycle Master (if used),and
pbective data bus.

ICH: One set of redundant resources (e.g. a CC including-all of its
ode).

| /CHANNEL NUMBER: The means by which Isechronous and As
hckets are addressed. Data is transmitted onterthe bus with a par

Bus Manager

buses and

ynchronous
icular channel

Nodes on the bus wishing to receive the data are configured to accept packets

d with that channel number.

Common Object Request Broker Architecture, OMG's open, vend
re and infrastructure that computer applications use to work toget
Using the standard protocal IIOP, a CORBA-based program from
any computer, operating system, programming language, and ne

pr-independent
ner over

any vendor,
twork, can

interoperate with a CORBA-based program from the same or another vend¢r, on almost

any other

CRC: Cyz
the 1394

CYCLE M

DATA PU

lic Redundancy Check — a ‘check summing’ algorithm generated
hardware.

ASTER:The node that generates the periodic (125us) cycle start

MPvInternal equipment software parameters or memory values p

bus to su

wpnrf in’rngmfinn and test

computer, operating.system, programming language, and network.

bnd verified by

packet.

aced on the

FRAME: The time interval between consecutive STOF messages (e.g. 10.0 milliseconds).

ISOCHRONOUS: Uniform in time (i.e. having equal duration) and recurring at regular
intervals. A form of data transmission that guarantees to provide a certain minimum data
rate, as required for time-dependent data such as video or audio. Isochronous
transmission transmits asynchronous data over a synchronous data link so that individual
characters are only separated by a whole number of bit-length intervals. This is in contrast
to asynchronous transmission, in which the characters may be separated by arbitrary

intervals,

and with synchronous transmission.
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2.1

(Continued):

ISOCHRONOUS RESOURCE MANAGER: The node that maintains the channels
available, bandwidth available, and bus manager ID registers.

ISOCHRONOUS TRANSFER: A data transmission method that occurs uniformly in time
and recurs at regular intervals (integer multiple of 125 ps).

LEAF: A node physically connected to only one other node (i.e. only one port is
connectegh-

LINK LAYER: The serial bus layer that defines the data transfer services. I{ also provides
addressir|g, data checking, and data framing.

LRC: Ling Replaceable Component.
LRU: Ling Replaceable Unit.

MESSAGE: Unlike the classic definition of a message; this implementation |imits a
message|to the amount of data that may encompass only one packet.

NODE: Ah addressable device attached to the Serial Bus with at least the nmjinimum set of
control registers. Changing the control registers on one node does not affeft the state of
control registers on another node. A node may have one or more ports.

NODE ID} A 16-bit number (10-bit bus address/6-bit node address) that uniguely identifies
a node. The node ID can change-subsequent to a bus reset.

PAYLOAD: The useful information or data contained within a message (e.g| that portion of
the packdt data area exclusive of the ASM Header and the Vehicle Trailer).

PORT: Aphysicallayer entity in a node that connects to a cable and providgs one end of
a physical confjection with another node.

serial-bus-physical layer that translate o-logical-symbdls used by the
link layer into electrical signals on serial bus media. The PHY is also responsible for
performing the arbitration tasks for a node to gain access to the bus.

QUADLET: Four bytes, or 32 bits of data.

REMOTE NODE: A node, other than the CC, on a bus.
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2.1

2.2

2.3

(Continued):

ROOT NODE: The node on the bus with the highest node ID. The root node is the Cycle
Master and is responsible for resolving arbitration in IEEE-1394 buses. The root serves
this function when in 1394a mode on a 1394b bus, but when a bus can do 1394b BOSS
arbitration, it is the BOSS node (node currently transmitting) that grants the bus (resolves
arbitration).

STOF: STart Of Frame. A packet sent by each CC at a periodic (frame) rate.

TRANSA

VPC: Vertical Parity Check. A secondary verification of data within a-packet

XOR: Exglusive-OR.

XOR-ed:

Governm

The following government documents form a part of this document to the ex

herein.

None lde

Non-Govérnment Documents:

CTION: A request and the optional, corresponding response.

Fxclusive-ORed.

bnt Documents:

htified.

tent specified

The folloying non-government documents form a part of this document to the extent

specified herein.

IEEE Std|1394-1995/~ IEEE Standard for a High Performance Serial Bus

IEEE Std|1394a-2000 |IEEE Standard for a High Performance Serial Bus, Amendment 1

IEEE Std High Speed
Supplement

IEEE Std 754 IEEE Standard for Binary Floating-Point Arithmetic

IEEE Std 1212-2001  IEEE Standard for a Control and Status Register (CSR)

INCITS T

Architecture for Microcomputer Busses

R-31-2002 INCITS Technical Report for Information Technology Fibre
Channel — Avionics Environment (FC-AE) [Contains definitions for

ASM]
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2.4 Applicable References:

3.

3.1

Firewire System Architecture, Second Edition, IEEE 1394a, Mindshare, Inc., 1999

IEEE-1394b REQUIREMENTS:

The requirements are based on the IEEE Standard for a High Performance Serial Bus
(IEEE-1394-1995), Amendment One (IEEE-1394a-2000), and High-Speed Supplement
(IEEE-1394b-2002). This section delineates the options selected and interprets any

ambiguities
Data Bus

The netw
1394 ope
transmitte
TPA pair
transmitte
individual

Data tran
Packets,

defined in
Nodes’ S

The netw
standard.
aloop en
on the bu
access C

The 1394
connectin

Architecture and Operation:

ration. Transmission occurs in a "dual simplex” manner; packets (
d on the TPB pair at the same time arbitration and-or signaling is
and packets can be received on the TPA pair at.thé same time ark
d on the TPB pair. Control of information transmission resides wi
nodes on the bus.

smission on the bus shall be composed primarily of Asynchronous
hs defined in 3.3.3.1. In addition, asynchronous and isochronous {
3.3.3.2 and 3.3.3.3 may be utilized as necessary. The representg
Ibsystem IDs and Channel Numbers are defined in 4.1.

prk shall implement a physical layer based on the IEEE-1394b-20
This standard provides.automatic detection and breaking of loops
hances redundangy by providing an alternate path to a node when
5 fails. For example, in Figure 2, if CC-Branch Node 4 should fail,

C-Branch Node 5 and CC-Branch Node 3 via its two separate port

data bus.may typically be configured with several independent bu
g the’nodes. The following sections illustrate different network cor]

brk functions synchronously using the asynchronous stream packets of IEEE

an be

received on the
itration is

h the

Stream
ackets, as
tive Remote

D2 signaling

. Implementing
another node
the CC can still
S.

ses
figurations.
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3.1.1 Basic Network Architecture: Figure 1 illustrates a basic network architecture with a
single Control Computer (CC). Even though each of the three ports of the CC has
Remote Nodes attached, it comprises a single IEEE-1394 bus.

..................

..................

FIGURE 1 - Basic Network With Single CC
Colors, shading, and outlines could indicate different types of nodes on the busses

-10 -
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3.1.2 Basic Network Architecture With a Loop: Figure 2 illustrates a basic network
architecture utilizing a single CC and a loop created by connecting Node 0 back to port 1
of the CC. Loops are not allowed in IEEE-1394 and IEEE-1394b PHY's will automatically
detect and break the loop. Exactly where the loop is broken is unknown until the new
architecture tree has been configured. After the PHYs break the loop there will be two
trees, one on port 0 and the other on port 1. If a node on either port should now fail, the
bus will automatically reconfigure with the failed node on the “end” of one of the trees. All
other nodes will still be enabled. This provides the first level of redundancy.

'S

Bus0
{ Port0,1,2 } — 0[1]2

~

........

.........

Node19
P -k e ——
{' Leaf Nodep ) I
N e 5 Node18
|
| - Nodel7
Node6 I
Node16
;Loop T — Node5 i I
N (Nodes - ! Node15
o Node4 : |
? Node14
Node3 ] |
l Node13
e ez
Node0

FIGURE 2 - Basic Network With Single CC and a Loop
Colors, shading, and outlines could indicate different types of nodes on the busses

-11 -
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3.1.3 Representative Triplex Network Architecture With Loops: Figure 3 illustrates an
architecture for a representative triplex 1394 vehicle network. The three CCs have been
cross-channel linked, thus providing another level of redundancy.

Vehicle Network Architecture

Colors, shading, and outlines could indicate different types of nodes on the busses

FIGURE 3 - Representative Triplex CC Architecture

-12 -
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3.2 Data Bus Characteristics:

3.2.1 Data Format: Digital data may be transmitted in any supported form. All data on the bus
shall be quadlet (32-bit word) aligned. All floating-point numbers shall be compliant with
IEEE-754 floating-point format. Packets, also, shall be quadlet (32-bit word) aligned and
must end with a quadlet (32-bit aligned word).

Refer to Table 1 for size definitions of the supported data types. This includes CORBA
standard data types.

TABLE 1 - Supported Data Types
Data Type Data Type Description Bit|Length
Boolean|Bit Boolean Bit 1
Very Short Enumerated Very Short Enumerated 8
Charactgr Character 8
Boolean|Byte Boolean Byte 8
Signed VYery Short Integer Signed Very Short Integer 8
Unsignef Very Short Integer Unsigned Very Short Integer 8
Short P4cked Boolean Short Packed Boolean 16
Short Erjumerated Short Enumerated 16
Signed $hort Integer Signed Short Integer 16
Unsignefl Short Integer Unsigned Short Integer 16
Long Enumerated Long Enumerated 32
Long Pafrked Boolean Long-Racked Boolean 32
Signed Llong Integer Signed Long Integer 32
Unsignefl Long Integer Unsigned Long Integer 32
IEEE Flqating Point IEEE Floating Point 32
Variable|Length Data Stream Variable Length Data Stream 32
Unicode Unicode 32
String ASCII Character String 32
Signed Llong Long Integer Signed Long Long Integer 64
Unsignefl Long Long Integer Unsigned Long Long Integer 64
IEEE Dduble Floating Point IEEE Double Floating Point 64

-13 -
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3.2.2 Bit Ordering: All data (bytes and bits) transmitted on the 1394 Network shall be in big
endian format.

msb

In big-endian format, bit 0 is the most significant bit (msb) and bit 31 is the least
significant bit (Isb). Figure 4 depicts the two bit-ordering schemes.

Isb

oS o
—_ o

N O

w o
O

S W

— W

O N

oo N
~ N

3.2.3

3.2.3.1

3.2.3.2

3.24

3.2.41

Transm

Trans
S400
permi
slash

Packe
bit rat
to 3.2

IEEE 13
standar

Asynd
packe
a typi
in this
Anony

FIGURE 4 - Bit Ordering
ssion Method:

mission Bit Rate: Transmission bit rates af,S100 (100 Mbps), S20
400 Mbps), S800 (800 Mbps), S1600 (1600 Mbps), and S3200 (3
ted and may be supported, as defined‘in the physical layer slash
sheets and handbook for the targetiapplication.

0 (200 Mbps),
200 Mbps) are
Eheets and the

t Size: The maximum packet size for a given asynchronous stregm transmission

b shall be set consistent.with that specified in the IEEE-1394 speq
4.1.8 for limitations on this size.

94 Packet Formais;* The data packet format shall conform to the
. The supported packet formats are shown in following sections.

hronous,Stteam Packets: Asynchronous stream packets are isoc
ts that.are’normally sent during the asynchronous time interval. Fi

bification. Refer

EEE-1394

hronous
gure 5 shows

Cal asynchronous stream packet as seen on the bus. These packs

ts, as defined

specification, consist of the 1394 header, inserted by the hardwa]e, the

; Packet Trailer,

and the 1394 CRC, inserted by the hardware.

-14 -
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Data Lenf;th Tag Channel Tcode ST/
| || I A A 1394
1394 Header CRC Header
I e s A I o o
Message ID )
I I I I o I A
Reserved - Security
I I I A I o O A ASM
Header
Node ID
RN
Priority Message Payload Data Length
[ | Y Y I O A
Health Status Word (Message Data Word 0)
I I I I <
Heartbeat (Message Data Word 1)
I I I O B G I B Payload
[ ] Data
[ ]
[ ]
Message Data - Word (length - 1)
I I ¢ A I I A
STOF Transmit Offset
I I I I e I I I A
STOF Receive Offset
I I X A I I A . Padket
STOF Datapump-Offset Trailer
I I A o A I O A
Vertical Parity Check
I I S I A I O O I A B B
1394 Data CR 1394
LLr e LM L e
FIGURE 5 - Asynchronous Stream Packet
3.2.4.1.1 Data kength: The Data Length field shall specify the number of data ytes in the

3.24.1.2

packet. This includes the ASM Header, Payload Data, and Packet Trailer. This shall
be an Unsigned Short Integer (16 bits). The number of actual data bytes in the
Payload Data area can be determined by subtracting the size of the ASM Header (16
bytes) and the size of the Packet Trailer (16 bytes) from the Data Length field.

Tag: The Tag field indicates the format of data carried by isochronous packets
(00 = formatted, 01 — 11 are reserved). This field shall be set to zero (00).

-15 -
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3.24.1.3

3.24.1.4

3.24.1.5

3.24.1.6

3.241.7

Channel: The Channel field shall identify the destination of the asynchronous
stream. An example of remote node channel number assignments is defined in 4.1.

Tcode: The Tcode shall be set to 1010 binary to identify the asynchronous stream
packet type.

Sy:

The Sy field is unused and shall be set to zero (0).

Header CRC/Data CRC: The Header and Data CRC fields are generated by the

IEE_ 12304 link lavar DPafartn tha IEEE 1204 1008 conncificatinn for +
F oy Ty o ter—totrc DI IO opP e Tmcatior o

e CRC

algg

AS
Dat
qua

L == ==y =y

rithm.

area shall be transmitted with the ASM Header as the.first four (4
Hlets of the data payload. The ASM Header shall conform to Figu

Header: Every asynchronous stream packet on the busccontainjng the Packet

) 32-bit
e 6.

Message ID

Reserved - Security

Node_ID

ority Message Payload Length

3.241.71

M
La
pd
ID

FIGURE 6 - ASM Header

pssage ID: _Word 0 of the ASM Header shall contain the Message
ng Integer.format with a resolution of 1). The Message ID shall b
ttern that-uniquely identifies the message. Refer to 3.2.4.1.7.2 for
bit definition.

" diadarnt' 141204 o

TH

ID (Unsigned
b a 32-bit
the Message

on different CC

H raci-taraani-al PN H + . M al Baratiac
o IG\.‘IUIIUIIIUIIL dAloyU CIPPIIUO o rouurniuarit TIJ=T TIUUCO UPUIGLIIIH

channels. For example, assume that LRU #1 on the CC-A network and LRU #2 on
the CC-C network have identical load images that produce the same 1394 output
message. The LRU #1 message will have a Message ID different from the LRU #2
Message ID, even though the data content is identical. This applies to LRU inputs
as well as outputs. As a result, the LRUs will require some knowledge or input to
determine whether they are #1 or #2.
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3.24.1.7.2

3.241.7.3

3.241.74

3.24.1.7.5

3.24.1.7.6

Message ID Digits: The Message ID shall be a 32-bit number represented as an
unsigned long integer. An example might be to utilize a decimal number with the
first two digits of the Message ID used to identify the CC branch the message
originates from: 01=Branch A, 02=Branch B, 03=Branch C, etc. This provides for
up to 41 branches. The next two digits might represent the channel number of the
Logical Subsystem (1394 is limited to 63 channels). The remaining six digits might
represent the message number from 00-999,999 for a total of 1,000,000 messages

per Logical Subsystem. Further details should be documented in the network

profile slash sheet for the target application.

Se¢curity: Word 1 of the ASM Header shall contain the Security fiéld
zdro (0) indicates the lowest level of security. Security is not require
utllized by each Remote Node as desired. The Security field.shall bg
if it is not used.

Node ID: Word 2 of the ASM Header shall contain the.IEEE-1394 N
(Unsigned Long Integer format with a resolution of 1)that is reporteq

A value of
i but may be
set to zero (0)

ode ID
by the PHY

dgvice of that node. This is a 16-bit number thatuniquely differentia
al

es a node from

other nodes within a group of interconnected buses. The 10 mos{ significant bits

(MSBs) of the node ID are the same for all-nodes on the same bus; this number is

the bus ID. The 6 least significant bits LSBs of the node ID are uniq
nqde on the same bus; this number igzcalled the physical ID. The ph
agsigned as a consequence of businitialization.

Priority: The most significant@8'bits (Unsigned Very Short Integer) o
cgntain the optional Message Priority field. A value of zero (0) shall
prjority. A value of 127 (MSB is reserved and set to zero (0)) shall b
prijority. Priority is nottrequired but may be utilized by each Remote |
dgsired. The Priority-field shall be set to zero (0) if it is not used.

Payload Length: The least significant three (3) bytes of word 3 shal
Payload Length (Unsigned Short Integer word format with a resoluti
Payload,Eength shall be the number of bytes in the entire message
the Message ID.

e for each
ysical ID is

word 3 shall
be the highest
e the lowest
Node as

contain the
pn of 1). The
hssociated with

Payload Length calculation does not include the ASM Header or the

Packet Trailer,

but does include the Heartbeat and the Health Status Word. Therefore, the
maximum payload data size is 32 bytes less than the maximum specified in the

IEEE-1394b-2002 specification and the minimum payload data size

is eight (8)

bytes (the Heartbeat and Health Status words). The actual message data size is
limited due to the inclusion of the Heartbeat and Health Status words.

Because the message size is limited, only the least significant two (2) bytes of the
Payload Length shall be used. The third byte shall be filled with zeros. This shall
be an Unsigned Short Integer (16 bits). Refer to 3.2.4.1.8 for the Payload Data

Area contents.
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3.2.4.1.8 Payload Data Area: The Payload Data area starts with Word 2 in the Asynchronous
Stream Packet Data area. Refer to 3.2.1 for acceptable data types. All payload data
shall be 32-bit aligned data. Figure 7 lllustrates the contents of the packet data area.

To satisfy the message size requirement, the actual payload data size must be
limited. The ASM Header (4 quadlets), the Packet Trailer (4 quadlets), the Health
Status Word (1 quadlet), and Heartbeat (1 quadlet) must be subtracted from the
maximum packet size specified in the IEEE-1394b-2002 specification. This allows a
maximum message length 10 quadlets less than the specified maximum.

Health Status Word (Message Data Word 0)

Heartbeat (Message Data Word 1)

Message Data Word (Length-1)

3.2.4.1.8.1 Health Status Word: Word 0 of the Packet Payload data area shall
Health Status Word. The Health Status Word shall be a 32-bit word

Bqg
in

FIGURE 7 - Payload Data Area

polean). The Health Status*Word shall contain, at a minimum, the 1
ormation:

Packet Error
Subsystem-Error

Node Error

contain a
Long Packed
ollowing

Ot £ 1 "y 4l ! AA Lo kel I BT L]
Lldius Ul ©4CllT POt U ui1c T1ioUc = VvIicuich CUTITICULIEU, 1T TSUCIVIIT

Mode or not, and Negotiated Speed

g OK, In Beta
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3.2.4.1.8.1

(Continued):

The following provides an example for formatting of the required status. Alternate
assignments should be made to accommodate different organizations as defined in
the network profile slash sheet for the target application.

e (LSB) Bit 31: Packet Error

e Bit 30: Subsystem Error

¢ | Bit 29: Node Error

o | Bit 28: STOF Offset Acknowledge
o | Bit 27: Spare

¢ | Bit 26: Spare

o | Bit 25: Spare

o | Bit 24: Spare

¢ | Bit 23: Port 0 - Connected
e | Bit 22: Port 0 - Receive OK
e | Bit 21: Port O - Beta Mode
o | Bit 20: Port 0.- Speed Bit 0
o | Bit 19:Rort O - Speed Bit 1

o | Bit"18: Port 0 - Speed Bit 2

e Bit17: Port O - Spare

e Bit 16: Port O - Spare

e Bit 15: Port 1 - Connected
e Bit 14: Port 1 - Receive OK

e Bit 13; Port 1 - Beta Mode
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3.2.4.1.8.1

3.24.1.8.11

3.24.1.81.2

3.24.1.8.1.3

3.24.1.8.1.4

(Continued):

Bit 12: Port 1 - Speed Bit 0
Bit 11: Port 1 - Speed Bit 1
Bit 10: Port 1 - Speed Bit 2

Bit 09: Port 1 - Spare

Bit 08: Port 1 - Spare

Bit 07: Port 2 - Connected’

Bit 06: Port 2 - Receive OK

Bit 05: Port 2 - Beta Mode

Bit 04: Port 2 - Speed Bit 0

Bit 03: Port 2 - Speed Bit 1

Bit 02: Port 2 - Speed Bit 2

Bit 01: Port 2 - Spare

(MSB) Bit 00: Pert2 - Spare
Message Ertors.-The Message Error Bit shall be set to one if the preceding
message between the nodes was received in error as defined in 3|3.1.2 for the

CC and-3.3.2.4 for a Remote Node. Otherwise, the Message Error Bit shall be
Cleargd to zero.

Bubsystem Error: The Subsystem Error Bit shall be set to one to indicate a fault
in the subsystem to which a node is connected. Otherwise, the Subsystem Error
Bit shall be cleared to zero.

Node Error: The Node Error Bit shall be set to one to indicate a fault in the node.
Otherwise, the Node Error Bit shall be cleared to zero.

STOF Offset Acknowledge: The STOF Offset Acknowledge bit shall be to set to
one to indicate a Remote Node has received all of its STOF Offsets. If the
Remote Node has not received all of its STOF Offsets, the STOF Offset
Acknowledge bit shall be cleared to zero.
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3.2.4.1.8.1.5 Portn - Connected: The Connected bit shall be set to one if the result of reading
the PHY’s Port Status Registers indicates that the port is connected. If the status
indicates the port is not connected, the bit shall be cleared to zero.

3.2.4.1.8.1.6 Portn - Receive OK: The Receive OK bit shall be set to one if the result of
reading the PHY’s Port Status Registers indicates that the port is receiving. If the
status indicates the port is not receiving, the bit shall be cleared to zero.

3.2.4.1.8.1.7 Portn - Beta Mode: The Beta Mode bit shall be set to one if the result of reading
he PHY’s Port Status Registers indicates that the port is in Beta Mode. If the
status indicates the port is not in Beta Mode, the bit shall be cleargd to zero.

3.2.4.1.8.1.8 Port n - Speed Bits 0-2: The Speed bits shall be set to the value read from the
PHY’s Port Status Registers speed bits. These bits indicate’the speed, as

jefined in the IEEE-1394 specification, at which the port is operating. Refer to
[able 2 for speed bit decoding.

TABLE 2 - Speed Bits

Speed | Speed{’Speed
SPEED Bit 2 Bit Bit 0
S100 0 0 0
S200 0 0 1
S400 Q 1 0
S800 0 1 1
S1600 1 0 0
S3200 1 0 1

3.2.4.1.8.2 Heartbeat: Word 1©f the Packet Payload data area shall contain a Heartbeat of
the Node generating the message. The Heartbeat shall be a 32-bit word
(Unsigned Long.Integer) that is initialized to zero and is incremented by one in
egch frame-that contains new data.

The purpose of the heartbeat is to assure the applications running on the CC that

the communicating Remote Node is generating fresh data. Thereforg, the

hr arthaat chall ba Aacanara tad by aonnlicoatican oafhiaora At Lot be o et g d b n
CartoTatrsran ot gl TratC U oy appntatorT SOTtwarc ot JusStimiSTrto y a

independent timer.
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3.2.4.1.9 Packet Trailer: Every asynchronous stream packet on the bus containing the
Payload Packet Data area shall be transmitted with the Packet Trailer as the last four
(4) 32-bit quadlets of the data payload. The Packet Trailer shall conform to Figure 8.

STOF Transmit Offset

STOF Receive Offset

STOF Datapump Offset

Vertical Parity Check

3.2.4.1.91

3.24.1.9.2

=
Tn
ha
is
th
ta
agd
R¢
tin
be

=
R¢
ha
is
th

FIGURE 8 - Packet Trailer.
[OF Transmit Offset: Word 0 of the Packet Trailer shall contain th

ve an accuracy of 1.0% of the STOF, frame rate or 100 microseco
greater. The resolution of the STOF Transmit Offset should be 1.(
b accuracy value or less, as défined in the network profile slash sh
rget application. For instance;a frame rate of 100 Hertz would req
curacy of £100 microseconds and a resolution of 1.0 microsecong
bmote Node messages,.this will be the commanded Offset for the
ne it may commence-transmitting. For Remote Node to CC messa3
the Offset the Remote Node is using.

[OF Receive Offset: Word 1 of the Packet Trailer shall contain thg
pceive Offset (Unsigned Long Integer format). The STOF Receive
ve an accuracy of 1.0% of the STOF frame rate or 100 microseco
greatef. The resolution of the STOF Receive Offset should be 1.0
p‘accuracy value or less, as defined in the network profile slash sH

e STOF

ansmit Offset (Unsigned Long Integerformat). The STOF Transmit Offset shall

hds, whichever
% of

eet for the

Uire an

. For CC to
node, at which
ges, this will

b STOF

Offset shall
nhds, whichever
o Of

eet for the

target application. For instance, a frame rate of 100 Hertz would require an
accuracy of £100 microseconds and a resolution of 1.0 microsecond. For CC to
Remote Node messages, this will be the commanded Offset for the node, at which
time it can expect data to be available in the FIFO of the Link Layer chip. For
Remote Node to CC messages, this will be the Offset the Remote Node is using.

Messages addressed to Remote Nodes may be present on the bus at times other
than the commanded Receive Offset. This would mean that not all the data on the
bus might be in the appropriate offset. For this reason, out-of-sync behavior should
be supported on the bus. The commanded Receive Offset is used for latency
dependent operations such as loop closure, etc.
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3.2.4.1.9.3 STOF Datapump Offset: Word 2 of the Packet Trailer shall contain the STOF Data
Pump Offset (Unsigned Long Integer format). The STOF Data Pump Offset shall
have an accuracy of 1.0% of the STOF frame rate or 100 microseconds, whichever
is greater. The resolution of the STOF Data Pump Offset should be 1.0% of

the accuracy value or less, as defined in the network profile slash sheet for the
target application. For instance, a frame rate of 100 Hertz would require an
accuracy of 2100 microseconds and a resolution of 1.0 microsecond. For CC to
Remote Node messages, this will be the commanded Offset for the node, at which
time it may commence transmitting. For Remote Node to CC messages, this will

3.24.1.94

b

Vertical Parity Check: Word 3 of the Packet Trailer shall be thé-Vertical Parity

C

An example for calculating the VPC for.an Asynchronous Stream pa
1.

2.

6.
7.
8.

9.

.| Perform a Bit-wise Exclusive OR (with no carry)of‘every 32-bit W

.| Perform a Bit-wise Negation of the result of.the Exclusive OR.

.| VPC = VPC XOR-ed with ASM Header, Node ID Word.
.| VPC = VPC XOR=ed with ASM Header, Priority/Payload Length

.| VPC = VRE-XOR-ed with Payload Packet Data, Health Status W|

eck (VPC). The Vertical Parity Check shall be an Unsigned-Long
rtical Parity Check shall be calculated as follows:

payload of the IEEE 1394 packet excluding the’Vertical Parity C

VPC = Anonymous Subscriber Messaging Header, Message ID.

VPC = VPC XOR-ed with ASM Header, Security Word.

VPEC~VPC XOR-ed with Payload Packet Data, Heartbeat Word

Integer. The

ord in the data
heck word.

cket follows.

Vord.

ord.

Continue )(ﬂl?-ing with-all rnmnining Dnylnnd Packet Data qnndl

pts.

VPC = VPC XOR-ed with Packet Trailer, STOF TX Offset.

VPC = VPC XOR-ed with Packet Trailer, STOF RX Offset.

10.VPC = VPC XOR-ed with Packet Trailer, STOF DP Offset.

11.VPC = VPC bit-wise negated.
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3.2.4.2 Asynchronous Transactions: Asynchronous transactions may be used when a
response such as acknowledge or negative acknowledge is required. An example
might be software Load or integration support messages. The asynchronous packet
format is shown in Figure 9.

Destinatior} ID tl rt Tcode pri
|||||||rl||||||| RN NN RSN
Source | Destination Offset (most sig 16 bits)
L] SENNENE N 'l
Destination Offset (least sig 32 bits) | 1394
el Header
Data Length Extended Tcode
N | A I ) I O B A 1=
1394 Header CRC
T ) A I I
Message ID )
I | A I I O NN AR R
Reserved - Security
Ll L L L T T T T L @ L L] | pew
Node ID
I | O 5 I I A O
Priorit; Message Payload Length
IIII)iII |I|IIIIgIIyIIIgI|I|IIIIIIIJ
Health Status Word (Message Data Word 0) )
Lttt St
Heartbeat (Message Data Word 1)
N e I I I O A B O | Payload
° Data
[ ]
°
Message Data - Word 0 + length
N A I I
STOF Transmit Offset R
Lt PPl
S| OF Recelve Offset
Y (e
STOF Datapump Offset
e PP PPl
Vertical Parity Check

L e L
1394 Data CR! 1394
|||||||||||||7||‘TT|||||||||||||}CRC

FIGURE 9 - Asynchronous Transaction Packet
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3.24.2.1

3.24.2.2

3.24.23

3.24.24

3.24.2.5

3.24.2.6

3.24.2.7

3.24.2.8

3.24.2.9

3.2.4.2.10

3.2.4.2.11

3.2.4.3 Acknqwledge Packet: The acknowledge packet consists of the acknow
parity|as illustrated in Figure 10. The ack_parity is the 1’'s complement g
ack_gode.Refer to the IEEE 1394 specification for the acknowledge co

Destination ID: The Destination ID field shall be the Node ID of the receiving node.

TI: A label specified by the requestor that identifies this transaction. The Tl field shall
be a unique transaction label to identify the particular transaction to which the write
request subaction belongs. This value is returned in the response packet.

Rt: The Rt field shall be set to indicate the required retry method as defined in the

network profile slash sheet for the target application.

Tcode: ate—y

tranpac 000 specification.
Pri: | The Pri field shall be set to 0.

Source ID: The Source ID field shall be set to the Node ID-of the tran

Destination Offset: The least significant 32 bits of the Destination Offs
be get to the 32-bit memory offset that is requested-to be written.

Data Length: The Data Length field shall specify the number of bytes
megsage to be written or read. This shallbe an unsigned short integer

#y the

Emitting node.

et field shall

in the
(16 bits).

Extended Tcode: The Extended Tcode shall be set to the value as defined in the

network profile slash sheet for the target application.

Payload: The Payload field(shall contain all data for the specific data

nessage.

Header CRC/Data CRE="The Header and Data CRC fields are generated by the

IEEE 1394 link layer. ;Refer to the IEEE 1394 specification for the CR

C algorithm.

edge code and
f the
jes.

: o L "
aCR_Ccoue aCR_parity

FIGURE 10 - Acknowledge Packet

-25-



https://saenorm.com/api/?name=9852e02b882fe0da017aee2822520955

SAE AS5643

3.2.5 |EEE-1394b Data Bus Initialization and Configuration: IEEE-1394b Data Bus
initialization is initiated under the following circumstances:

Three pj

3.2.5.1

3.25.2

When the power state changes at the PHY

Nod

Nod

e attachment

e detachment

Deb
Bus
Dev|
Debo
gener
delay
the sz
on.

Bus R
o W
e N
e N
o P&

e M

fmary procedures must be performed auring mitiatizatiomn:
ounce delay initiated

Reset accomplished

ce configuration

ince Delay: As each Remote Node is connected or powered on, i
ates the 350-millisecond debounce delay. dJpon completion of the
it sends the reset signal onto the bus, Because not all nodes are

eset: A bus reset is initiatedlunder the following circumstances:
hen the power state changes at the PHY

pde attachment

pde detachment

1Y receives a bus reset request initiated by software

Ximum arbitration timeout reached

f internally
debounce
powered on at

me time, the initialization of the bus-will continue until the final nodle is powered

e Port Suspend/Disable

When any of the above conditions is detected by a PHY, it will signal a bus reset. Bus
resets result in the clearing of topology information at each port, CSR register values
are affected, and some PHY register values return to default.
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3.2.5.3

IEEE-1394b Device Configuration: IEEE-1394b device configuration occurs locally on

the bus without the intervention of a host processor. Each time a new device, or node,
is attached to or removed from the bus, the entire bus is reset and reconfigured.

Three primary procedures must be performed during configuration:

3.254
sendi

3.2.5.5

3.2.5.6
proce

The fdq

Upon
ID be

IRM g
packefs are utilized. The node farthest from the root node will have a no

Sy
Speed Negotiation: During the final component of bus initialization, nod
Tree |
phass
identification process results in a hierarchical tree structure that should

Figurg

Self Iq

Physical IDs are assigned\to each node
N¢

TH

Tree identification

Self identification

eed negotiation performed

ng tones to one another to negotiate maximum usable Speed.

[dentification: Following bus initialization, nodes begin the tree ide
to identify the root node and the topology of all\attached nodes. T

b 3 except that loops will not be allowed and will be disconnected [

entification: After the tree identify phase completes, the self-iden
5s commences. During this processi-the configuration of the node

llowing actions are performed during self-ID:

pighboring nodes exchange transmission speed capabilities
e topology-defined during tree identification is broadcast to all nog
completion of the bus configuration, the node with the highest nun

comes.the root node. The node with the highest numbered node I
ohtender bit set, will become the Isochronous Resource Manager

es begin

ntification

he tree
esemble

y the PHYs."

ification
5 begins.

es

hbered node
D, and has its
if isochronous

de ID of zero

(0). Nodes successively closer to the root will have consecutively higher node IDs.

Refer to Figure 11 for a timing diagram of the total bus initialization and configuration

proce

SS.

! Section 3.2.5 contains excerpts from the book Firewire System Architecture, Second Edition, IEEE
1394a, Mindshare Inc., 1999, with permission of the publisher.
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Bus Initialization and Configuration Timing

A\

T\

Node i
Connegt
Disconngct
Powern
On/Off:

p

Speed )
—><—— Negotiation —— <@ Total ID Time

Toning

Debouce & Bus
Reset

—>

oo/

Speed
Negotiation
Starts

\ 127 ms.

|
Tree ID Self Configurdtion
Starts ID Complate
|

330 - 350 ms + 167 usec

O

S

A

3.3 Node Ops
3.3.1 CC Nod
Bus Ma
isochro
tothe S
Data PU
3.3.1.1 Norm
opera

hager for each respective data bus. Cycle start packets may be se

fions when utilizing asynehronous stream packets only.

wﬂ) - 166 us l 70
A A

Tree ID
Time

A

Self |
Tim

FIGURE 11 - Initialization and Configuration/Timing
eration:

e Operation: The CC Node shall be the r@ot node, Cycle Master (if used), and
nt by the CC if
b synchronized
Receive, or
packet.

nous transactions are utilized; however, they will not necessarily b
TOF packet. For this reason, it is.noet acceptable to base Transmit
mp offsets on a number of cycle start packets following the STOF

bl Bus Operation: Referto Figure 16, in 3.3.2.3, for a notional picture of bus
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3.3.1.1.1

STOF Packet: The CC shall transmit a start of frame packet (STOF) at a fixed frame

rate + 0.1% of the frame rate (e.g. 10 milliseconds, 12.5 milliseconds, etc.). The

STOF packet shall be an asynchronous stream packet transmitted on channel 31.
The STOF message shall conform to Figure 12. Note that there is no Packet Header
or Packet Trailer in a STOF packet.

Data Length

Tag Channel

1394 Header CRC

| [T

I

| |

I

[ [T 11

CC Branch Status

Netw ork Bus Mode

Vehicle State

Vehicle Time

Quadlet 4 - TBD

HEEEEE

Quadlet 5(- TBD

| L] ]

Quadlet 6 - TBD

LT

Quadlet 7 - TBD

Quadlet 8 - TBD

Vertical Parity Check

RS aEN

FIGURE 12 - STOF Packet

1394
Header

STOF
DATA

1394
CRC
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3.3.1.1.1.1

CC Status: The CC Status Word (Long Packed Boolean) shall indicate the failure
state of each of the CCs. The following is an example of assignments for a system
with up to eight (8) CCs and up to sixteen (16) busses per CC. Alternate
assignments should be made to accommodate different organizations as defined in
the network profile slash sheet for the target application.

e LSB

e Bit 31: CC-Branch A Failure

e | Bit 30: CC-Branch B Failure

e | Bit 29: CC-Branch C Failure

e | Bit 28: CC-Branch D Failure

e | Bit 27: CC-Branch E Failure

e | Bit 26: CC-Branch F Failure

e | Bit 25: CC-Branch G Failure

e | Bit 24: CC-Branch H Failure

e | Bit 23: Connected to CC=Branch A

e | Bit 22: Connectedito CC-Branch B

e | Bit 21: Connected to CC-Branch C

e | Bit 20:Connected to CC-Branch D

e | Bit"19: Connected to CC-Branch E

e Bit 18: Connected to CC-Branch F

e Bit 17: Connected to CC-Branch G

e Bit 16: Connected to CC-Branch H

e Bit 15: Connected to Bus 1

e Bit 14: Connected to Bus 2
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3.3.1.1.1.1

3.3.1.1.1.2

(Continued):

Bit 13:

Bit 12:

Bit 11:

Bit 10:

Connected to Bus 3

Connected to Bus 4

Connected to Bus 5

Connected to Bus 6

N¢

Bit 09:

Bit 08:

Bit 07:

Bit 06:

Bit 05:

Bit 04:

Bit 03:

Bit 02:

Bit 01:

Bit 00:

MSB

Connected to Bus 7

Connected to Bus 8

Connected to Bus 9

Connected to Bus 10

Connected to Bus 11

Connected to Bus 12

Connected to Bus 13

Connected to Bus'14

Connected'to Bus 15

Connected to Bus 16

etwork Bus Mode: The Network Bus Mode Word (Long Packed Bgolean) shall

a-porrerant oo~ A ~Af A arotian foarth s OO0 Doe oa Aoafinad ba ow One of

ineh

atao-t
odile uiv \IUIIGIIL LILLAYAY A A" | U'JUIGLIUII VTN U1V UU DJuUo do Uuliinicvu veo

the bits shall be set to one to indicate the current mode. These bits are mutually
exclusive. If multiple bits are set, the Remote Nodes shall disregard this erroneous
setting and continue to operate in the previous mode of operation. Any mode word
setting other than those shown below shall be considered illegal and invalid. Use of
the user defined bit assignments to accommodate different organizations should

be defined in the network profile slash sheet for the target application.
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3.3.1.1.1.2

3.3.1.1.1.21

3.3.1.1.1.2.2

(Continued):

Network Bus Mode Bits:

e LSB

o Bit 31: Start-up/Initialization

e Bit 30: Normal

o | Bit 29: CC-In-Test (STOF messages may or may not be present|depending
upon which tests are being performed

¢ | Bit 28: Reserved (Shall be initialized to zero)

e | Bit 27: Program Upload

o | Bit 26: In Test Mode — Read Only

e [ Bit 25: In Test Mode — Read/Write

o | Bits 24 — 16: Reserved (Shall beuinitialized to zero (0))

e | Bits 15— 0: User Defined-(as defined in the network profile slash sheet for the
target application)

o [ MSB

Start-up/Initialization Mode Description: Upon power on or reset, the CC shall
set the Start=up/Initialization bit to one, in the Network Bus Mode word of the
5TOF méssage. All other bits in the Network Bus Mode word of the STOF
message shall be set to zero. Once all initialization processing is qompleted (as
jefined by in the network profile slash sheet for the target applicat|on), the Start-
ipZinitialization bit shall be cleared to zero.

Normal Mode Description: Once normal processing is ready to commence (as
defined in the network profile slash sheet for the target application), the CC shall
set the Normal Mode bit to one in the Network Bus Mode word of the STOF
message. All other bits in the Network Bus Mode word of the STOF message
shall be set to zero. Once in Normal Mode, the STOF rules will be observed and
normal bus traffic will commence. When the network is not in normal mode, the
Normal Mode bit shall be cleared to zero.
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3.3.1.1.1.2.3

3.3.1.1.1.24

3.3.1.1.1.2.5

CC-In-Test Mode Description: When the CC is in test mode (as defined by in the
network profile slash sheet for the target application), the CC shall set the CC-In-
Test Mode bit to one in the Network Bus Mode word of the STOF message. All
other bits in the Network Bus Mode word of the STOF message shall be set to
zero. Network bus communication may be interrupted (STOF and receive
messages may be terminated) at various times while the CC performs internal
tests. The Remote Node will react to this information as determined by the
particular system (e.g. perform self tests). Once test mode is completed, the CC-
In-Test Mode bit shall be cleared to zero.

Program Upload Mode Description: When software program loading is in
brogress over the network (as defined in the network profile slash gheet for the
arget application), the CC shall set the Program Upload Mode bit fo one in the
Network Bus Mode word of the STOF message. All otherbits in the Network Bus
Mode word of the STOF message shall be set to zero(\Network b
communication may be interrupted (STOF and receive messages
terminated) at various times while the program loading is performgd. Once
brogram loading is completed, the Program Upload Mode bit shall|be cleared to
rero.

est Mode Description (Optional): Test'Mode is another example mode to be
hnnounced by the STOF. This modesprovides a common test method for all
Remote Node equipment on the Network to enable memory read and/or write
test operations. This relates toithe STOF message and Network Bus Mode bits
P5 (Read/Write Mode) and 26-(Read Only Mode). If the Read/Writg bit is true,
Remote Node memory valu€s can be read or written. If the Read OQnly bit is true,
bnly reading Remote Node memory data is allowed. Only RAM mégmory shall be
hllowed to be written.JAll non-volatile memory (Flash, EEROM, etcl) shall not be
bermitted to be written. All memory types may be read.

[est Mode will*'be enabled only if all predetermined safety interlocks are satisfied
by the CCs,*This mode is intended to be used during test and integration

Hevelopment for memory inspection (individual memory locations/parameters or
anges/of memory) and memory write capabilities.

While Test Mode is active, all normal bus fraffic and communication shall
continue. The only difference in Normal Mode and Test Mode is the addition of
test messages.

The test equipment shall be assigned a network bus channel number.
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3.3.1.1.1.2.5

(Continued):

Three (3) separate messages types will be used while in Test Mode; a memory

read command, a memory write command, and a response to the
or write command. It is recommended but not required to conform

memory read
to a common

test messaging format and method to support multiple Remote Node testing via
the test equipment. Refer to the recommended message format and definitions in

the following sections.

lltast masesaaas ara commimnicatad durina tha Data Piumn Offca
S+ 2g8s—are-codHeatea-auHRgtHeatar—uip-oHSe

time allocation

bfter the Remote Node completes transmitting its Data Pump mes
Remote Node is implementing any data pump message(s)). Test 1
pe transmitted by the Remote Nodes during the Data Pump Offset
eceived by the Remote Nodes during the Data Pump Offset time.
Pump time allocation will be sized to accommodate thé worst-case
message size and test message sizes for a particular system.

Jpon receipt of a read or write memory command, the Remote No
espond within two (2) frames or the numbenrof frames as defined
brofile slash sheet for the target application. If the command was 3
command, the Remote Node shall continue to read and send the ¢

Data Pump messages have beentransmitted), until another memd
command is received or until pewer is cycled or a system-wide res
jenerated.

Dnce Test Mode has been initiated, it cannot be exited except by
pr system-wide resét: This ensures that any RAM locations that h3
changed will berestored to the correct values.

Figure 14 defines the packets as seen on the bus for a Read Com
Figure 15 defines the packet as seen on the bus for a Write Comn
jefings\the contents of the Control Word in the packet. Note that t
Packet Header, Heartbeat, Health Status Word, of Packet Trailer 1

age(s) (if the
nessages shall
time and also,
The Data
data pump

de should

n the network
memory read
ontents of the

memory location(s), at its assigned Data Pump Offset time (after gny normal

ry read
et is

bycling power
ve been

mand and
and. Figure 13
here is no
equired in

hese packets. The data area of these packets is user definable ar

d Figure 14

and Figure 15 illustrate one possible implementation.
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3.3.1.1.1.25.1 Test Mode Command Word: The Command Word defines the transfer type as
a Memory Read Command, a Memory Write Command, a Response to a
Memory Read or Memory Write Command, or a user-defined command. The
Num_Quads field defines the number of quadlets (32-bit words) to read or the
number of quadlets to write in each set. The Num_Sets defines the number of
different starting addresses for write or read commands. The User Defined field
may be used when a transfer type greater than three (3) is requested.

User Defired Transter Type Nam—Quads Nom—Sets
EEEEEEEEEEE NN
8 Bits 0 - Reserved Number Number
May be 1 - Memory Read of Quads Of
Used 2 - Memory Write to Read Read
As 3 - Response or Write in Or Write
Neededl 4 - 255 - User Defined A Set Sets

FIGURE 13 - Test Mode Command Word
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3.3.1.1.1.25.2

Test Mode Memory Read Command: The Test Mode Memory Read Command
provides the ability to continuously read selected memory addresses. The
Memory Read Addresses specify addresses at which to read memory. The
Num_Quads specifies how many 32-bit quadlets to read at each address and
should be set to one (1). The Num_Sets specifies how many different

addresses are requested in the command packet.

The read response packet shall have a transfer type of Response (3), and echo
the Num_Quads and Num_Sets fields that were present in the Read command.

Inthe I\/Ipmnry Read Address fipldc, the data read from the me

respective address should be entered.

Data Length Tag Channel Tcode S
L L] LU E T LT de T
1394 Header CRC
NN L oM L]
Message ID
L PPNl
User Defined Transfer Type Num_Quads Num_Sets

L]
Memory Read Address.]

Memory Read Address 2

Memory.Read Address 3

Memory Read Address 4

Memory Read Address n

ory at each

| 1394
Header

Command
Word

Data
Area

1394 Data
IR

(LI PP PP PP PP PP PP PP
AR EEE N

FIGURE 14 - Test Mode Read Command

1394 CRC
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3.3.1.1.1.25.3 Test Mode Memory Write Command: The Test Mode Memory Write Command
provides the ability to write to selected memory locations in RAM memory. The
Transfer Type should be set to Memory Write (2), the Num_Quads field
specifies how many sequential 32-bit writes to perform at each Memory Write
Starting Address, and the Num_Sets specifies how many Memory Write
Starting Addresses are requested.

Data Length Tag Channel Tcode | ST/ |

I ) ) e 1304

1394 Header CRC Header
N I I

Message ID

User Defined Transfer Type Num_Quads Num_Sets Command

Word
NN RN RN

Memory Write Starting Address 1

Write Data 1, Quad 1

Write Data 1, Quad 2

Write Data 1,"Quad n

I R -

Mem&ty:Write Starting Address 2 Area

Write Data 2, Quad 1

Write Data 2, Quad 2

Write Data 2, Quad n

Lt bl
1394 Data CR 1394 CRC
IR s

FIGURE 15 - Test Mode Write Command
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3.3.1.1.1.3

3.3.1.1.14

3.3.1.1.1.5

Vehicle State: The Vehicle State Word (Long Packed Boolean) in the STOF
message is used to indicate the current state of the vehicle as defined in the
network profile slash sheet for the target application. Various state information can
be disseminated. The below provides an example as might be used for an aircraft.
The bits are set to one to indicate the current state. Current state information:

(LSB) Bit 31: External power applied

Bit 30:

Battery power applied

\/:
tin
be

Bit 29:
Bit 28:
Bit 27:
Bit 26:
Bit 25:
Bit 24:
Bit 23:
Bit 22:
Bit 21:

(MSB) Bits_20-00: Spare (Shall be initialized to zero (0)

Internal power applied

Brakes applied

Engine running

Cockpit canopy open

Cargo door open

Tailgate open

In Air — Logic ‘1’ = TRUE

On Ground, Not Stationary — Logic ‘1’ = TRUE

On Ground;-Stationary — Logic ‘1’ = TRUE

thicle Time: The Vehicle Time shall be a 32-bit Unsigned Long Infeger denoting

ne as’determined by the supported system. Format and use of Ve
definéd in the network profile slash sheet for the target applicatioh.

hicle Time shall

=}

Vertical Parity Check: The Vertical Parity Check shall be as defined in 3.2.4.1.9.4.

-38-



https://saenorm.com/api/?name=9852e02b882fe0da017aee2822520955

SAE AS5643

3.3.1.2

3.3.1.3

3.3.2 Remoteg Node Operation:

3.3.21

3.3.2.2

Message Integrity Management: The CC shall monitor the inputs from the Remote
Nodes to verify proper IEEE-1394 bus operation and to verify that the Remote Node
that produced the message is operating correctly. A data message shall be
considered valid if all of the following conditions are met:

e The heartbeat in the Network Bus Payload Data Area has incremented since the
last received message

e The data validity indicators (e.g. Vertical Parity Check) are correct

e The 1394 CRC is valid

Initialization: The CC shall set the contender bit, bit 1 in each PHY’s Rggister 0100b of
the PHY’s Non-Paged Base Register 0, to ensure that it becomes Bus Nlanager (BM)
and I§ochronous Resource Manager (IRM) (if used). Because channel numbers and
timing offsets are defined by system design, the CC will hot be required|to implement
the IRM functions.

The dC shall set the root-holdoff bit, bit 0 in each PHY’s Register 00014 of the PHY’s
Non-Raged Base Register 1, to ensure that ithecomes the root node ard cycle master
(if usgd).

The dC shall commence bus operation by transmitting the STOF messages.

The dC shall update the default-STOF offsets, if necessary, in the first alid message,
after the STOF message, sent.fo a Remote Node.

The dC shall change theyNetwork Bus Mode in the STOF message to Normal or Start-
Up/Initialization after system power up, in a time as defined in the netwqrk profile slash
sheet|for the target.application.

Required Node Hardware: Each node shall incorporate a 1394b Physical Layer

L | [ A L + it 4204 1204 1 [V |
Contrelier—Each-node-may-incorporate-eithera—+394a-er1+394b-Link+tayer Controller.

Each Remote Node should make all ports of each node available through an external
connector. Connections from ports on different buses should not be mixed in a single
connector since this constitutes a single-point failure.

Configuration ROM (optional): Each Remote Node may implement the Configuration
ROM. Configuration ROMs may be implemented in hardware or in software (for
instance, stored in the software, etc. or in a separate NV memory such as ROM,
EPROM, EEPROM, etc.). It is recommended that any system that plans to utilize
simple asynchronous transactions also include a minimal Configuration ROM.
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3.3.2.3 Normal Bus Operation: Remote Nodes shall not set their contender or root-holdoff bits
(RHB) to contend for Isochronous Resource Manager, Bus Master, Root Node, or

Cycle

Manager.

Each Remote Node shall listen to a minimum of two channels. The two channels are
to be used for the STOF channel, Channel 31 in this example, although any channel
may be used, and a channel that is specific to that node by system design.

Following bus initialization and configuration as described in 3.2.5, each Remote Node

shall y
the fir
its ne

Via sy
when
frame
multip
defing
to trar
capah
the S
other
Trans
by an
the S
Traile

Via th

v STOF Offsets, if necessary.

stem design, each Remote Node shall be assigned a timé relative
it is to transmit data to the CC (STOF Transmit Offset),)+0.5% of t
rate as required by system implementation. Nodes‘that are conn

de shall check

to determine

to the STOF
he STOF
bcted to

le CC branches will select a STOF using a buyér-approved algorithm that will be

d by the supplier. Each Remote Node shall be-capable of reconfi
smit, only once, at each power up/initialization. Each Remote No
le of transmitting data to the CC a system‘implementation depend
OF message. If a node has multiple. méssages to send, including
Remote Nodes, those messages shall be sent back-to-back, base
mit Offset. Messages to the CC shall be transmitted first, followed
/ messages addressed to othernodes. All messages shall be tran
OF Transmit Offset time allocation. The Remote Node shall fill th
F words 1-3 with the STOR Offsets it is using (default or CC updatg

shall

(STOF Receive Offset), £0.5% of the STOF frame rate as required by s
implementation.{Nodes that are connected to multiple CC branches will
usinga buyer-approved algorithm that will be defined by the supplier. B
Node [shallbe capable of reconfiguring its time to expect data from the (
at eagh power up/initialization. Each Remote Node shall be capable of
from the_CC a system implementation dependent time after the STOF n

e network profile slash sheet for the particular application, each R
e assigned a time-relative to the STOF that it is to expect data fro

juring its time

de shall be

ent time after
messages to

d on the STOF
back-to-back,

smitted within

b Packet

bd).

emote Node

m the CC
stem

select a STOF
ach Remote
LC, only once,
receiving data

essage.

Multiple messages sent to a Remote Node shall be received back-to-back by the
Remote Node. Any latency critical data messages shall be based on the STOF
Receive Offset.

-40 -



https://saenorm.com/api/?name=9852e02b882fe0da017aee2822520955

