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Background
The purpose of this document is to be a working paper for the CATS4D Digital Busses Working Group
and to try and provide design templates suitable for 1641 signals and ATML to capture bus messages

and spedifications.

The classic bus message send and receive (Bus Type Template)

This design template can be applied to all “ATLAS like” bus messagesin IEEE Std 1641. It is applicable
to any bus transaction that can send, or receive, a discrete data payload to a physical location and is
suitable for bus types including R$232, RS422, ARINC 429, MIL-STD 1553 and CAN Bus.
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Figure 1 Generic Send & Receive 1641 Signal Model

In this model, the Tx & Rx signals represent the physical signals flowing through the wires of the bus
i.e. what one might be able to view with an oscilloscope.
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The “data” becomes the Tx message payload and the “measurement” is the Rx data payload.

Each bus type then defines a series of control properties “as per its standard”, such as “baud rate”,

VNS

“parity”, “stop bits”, etc, which configure the specific bus-type. The dilemmais that we’re asking
every user to interpret the “appropriate” standard and come up with the same bus properties;

historically this has not been the happened. The solution [1] is that the next release of the IEEE Std.
1641 standard will define the bus properties for each of the common bus types. (See Table 1).

The type of the “data” and “measurement” in any single design template are always paired and the
same. However they are not the same across different bus-types, sofor text based buses they can be
strings, or arrays of bytes. As examples, for ARINC429 they are 32bit words and for CAN bus
represent 0-8 bytes. The “data” (and “measurement”) represent the payload of that specific bus-

type.

The “data” can be a single value or a collection of values e.g. (array), When the datais a “collection”,
the behaviouris to send each message in turn. This is analogous with using a FOR loop within the
test program, sending the first message, then the second etc.

Table 1 Standard Bus Types and parameters

Bus Type Properties Type Default Range
RS232
data string
measurement string
baud_rate int 9600 75| 110|134 150]
300| 600| 1200|
1800| 2400|
4800(7200| 9600|
14400| 19200|
38400| 57600|
115200
data_bits int 8 4]5]6]7]8
parity enumeration None [Even] Odd] None]
Mark| Space]
stop_bits enumeration 1 1]1.5|2]
flow_control enumeration None None| Hardw are|
Xon-Xoff]
levelO Voltage oV range -12V to
+12V
levell Voltage 5V range -12V to
+12V
Arinc429
data Int32
label byte
sdi Int:2
word Int:21
msg Int:19
ssm Int:2
parity Int:1
measurement Int32
period Time 1ls Repetition period
of the message
bit_rate Frequency 12.5 kHz 12.5kHz | 100kHz
MIL1553 Msg
data INt16][]
measurement INt16[]

Control Word: Remote
Terminal Address.

cw_rt_address

int
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Broadcast

Control Word:

Transmit/Receive bit ow_tr boolean

Iggr&trreosl :Y)?r&bggb cw_subaddress_mode int 0 Mode Control | 1
[2]31415]6]7|
8[9|10 11|12 |
1311415 |16
17118119 | 20|
2122|2324 |
2512627 |28 |
29130 |31 Mode
Control

Control Word: Data Word -

cw_data_word_count_mode_code int 1]12|13|415]|6

Count or Mode Code. — = — — — 7I8I9I10||1|1||
1211314 |15]
1611718 |19
20|21|22|23|
24125126 |27 |
28129130 |31
32 (0) | Dynamic
Bus Control |
Synchronize |
Transmit Status
Word | Transmitter
Shutdown |
Override
Transmitter
Shutdown | Inhibit
Terminal Flag Bit |
Override Inhibit
Terminal Flag Bit |
Reset Remote
Terminal |
Transmit VVector
Word |
Synchronize |
Transmit Last
Command |
Transmit BIT Word
| Selected
Transmitter
Shutdown |
Override Selected
Transmitter
Shutdown

Status Word: Remote sw_rt_address int g I% Ié IS Iéllcl)? |

Terminal Address 111213 |14

expected. 15|16 |17 | 18|
1912021 22|
23124125 |26 |
27128129 |30

Status Word: Message Sw_message_error_bit boolean

Error indicator (T/F).

Status Word: Sw_instrumentation_bit boolean

Instrumentation bit (T/F).

Status Word: Service sw_service_request_bit boolean

Request bit (T/F).

Status Word: Broadcast sw_broadcast_ command_bit boolean

Command Received bit

(T/IF).

Status Word: Busy flag sw_busy_bit boolean

(T/F).

Status Word: Subsystem sw_subsystem flag_bit boolean

Flag (T/F).

Status Word: Dynamic sw_dynamic_bus_control_acceptance_bit | boolean

Bus Control Acceptance

bit (T/F).

Status Word: Terminal sw_terminal_flag_bit boolean
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Flag (T/F).

BCto RT [RT 10

Defines the direction of transfer string BCto RT RT | RTto BC
message transfers. These
will be one of the
follow ing: BC to RT, RT to
RT, or RT to BC.
bus_used string Bus A
bus_standard string MIL1553B
rt_response_timeout Time
The amplitude of the
signal on the bus (usually bus_ampl Voltage p\l;_Elglsg\./S
provided as a pk_pk value ’
as the signal is not a
sinusoid). This value is
fully specified as afixed
value w ith limits in MIL-
STD-1553. It is provided
as acontrollable attribute
to allow for testing of the
response of devices to
inputs, which are specffied
to be operable down toa
level much low er than the
terminal output.
minor_frame_time Time 5ms
message_cycles int 1
error_count int
UL int
LL int
sw_reserved_status_bits int
attribute string
bc_start_ext_trigger_out int
bc_trigger_on_ext_input int
read_analyser_only int
MIL1553 Frame
This time is the total duration Time oms
duration of the frame
being defined including
the 'dead' time after the
defined messages and/or
minor frames have been
transferred.
This attribute comprises a | messageOrFrames string
list of messages or minor
frames (by name) in the
order they will be passed
in the (major) frame.
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Parameter Values

The Bus Type Template represents a signal model design. This is typically encapsulated with a
spedific library (TSF) that provides value mapping between the Parameters values and the data. An
example might be an ARINC 429 message controlling frequency where there would also be some
expression mapping the frequency value into the data word.

Frequency’

Freq Msg ‘

data

Arinc429

5
A4
Measure

RX

ﬂeasurement

Figure 2 TSF using Bus Type Template Design

The expression between the Frequency value and data value is provided using a suitable script or
programming language expression. E.g. data = (int32)((frequency-offset)*scaling_factor). It’s
therefore easy to run and simulate but difficult tointerpret as part of a larger requirement.

Translating parameter message values was discussed and a high level solution mapped out at the
“2015-1a Digital Busses Whiteboard Meeting” [3]. In ATML, these mappings are being defined in the
revised “IEEE Std. 1671.3 UUT Description” that has a new section outlining each bus message
mapping [2]. This will provide a data model for mapping the abstract parameter values into the
necessary bus messages and, as such, automate the expression generation mentioned above.
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Figure 3 Overview of Proposed ATML UUT Bus message description

Mapping from the dataworld to expressions then becomes an easy exerdse with standard
expressions for each of the data mappings. The Parameter Values and expressions still become
useful should any requirements fall outside the available data mapping.

This will allow an implementation to enact these mappings within the test program, outside any
signal environment where the signal bus parameters just become raw encoded data e.g. 0xBDA4.
For a lot of solutions this is likely to be sufficient, howeverit useful to consider how signal data
encoding help can provide a more flexible digital bus solution.
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Figure 4 Three-Tier Abstract Model

Signal Streams
The IEEE Std. 1641 Signal and Test Definition, considers a signals to have four discrete states

e Value/Active (H)
e Inactive (L)

e Gated-Off (X)

e NotThere (2)

The transition between these four statesis characterised by four signal types. It should be noted
that a stream always has the potential to be in one of the four states. It's the associated signal
functions (Sum, XOr etc.) that give the illusion of a signal being one of the following:

e Physical Stream (never inactive)

e Events stream (never gated off, value is only active)
e Digital Stream (value is only active)

e Abstract Stream (can have all states and values)

Physical Streams

The Tx & Rx of our Bus Type Design template is an example of a physical stream. It represents
multiple communication lines that represent voltages, currents, electromagnetic waves, etc. The
Physical stream can be considered something tangible that could be seen on an osdilloscope, but
bears little, or no, relationship with the bus message value.
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Event & Digital Streams
A digital stream represents “bit” information. The 1’s and 0’s of the communication. It represents

the packets of data, but no definition of how this is being physically translated, or what the message
represents. Digital Stream is analogous to looking at memory in hexadecdmal, each bit represents a
state of HLX or Z, and a signal comprises of multiple channels of this bit information.

Note for Event Stream, X&Z are considered Z.

Abstract Data Streams

The abstract data stream has the same logical states as the Digital Stream; however the H or “value
state” can have more than one value. The Abstract data stream can be thought of as a Physical
stream but cannot represent Physical values like “Voltages” but abstract types, like string, Int, floats,
etc. A physical type can be realised by streaming it to a connector (real location); the same is not
true for abstract data streams.

Internal Generic Template Design
Our second design template represents three district regions:
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Figure 5 Universal 3 district regions

In this case, the message is being convertedinto an abstract data stream, thenin to a digital stream
and finally produces physical signals for the bus type. Note this is conceptually no different from the
generic send and receive design template, but now these internal mappings are visible and therefore
we have full control over their internal behaviour.

The mapping from one stream type to another is relatively fixed, using the Control BCSs,
Encode/Decode' to move/to from abstract data to Digital Stream and Select** (Selectlf or
SelectCase) to map into the Physical signals.

To complete this approach, there are some ‘corner’ issues the need to be addressed, namely:

1. The IEEE Std 1641 Encode & Decode is written around converting attribute datainto digital
streams. With “Decode” it also creates an abstract data stream, but to be able to get the
equivalent behaviourfrom “Encode” is more complicated.

These issues should not, however, affect the current bus work, because they represent a technical
challenge on using the standard consistently, rather than preventing agnostic bus transaction
definitions.

' Encode is defined for creat ng digital streams from data attributes. Needs to be extended to turn abstract
datainto digital streams, with the “linked attribute method”.
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Parameter values, either via scripts or through the encoded data, represent static values. l.e. the
value is not time dependent. To change a value the test program must change the parameter value
and the next bus message will contain the new value. The complete bus transaction is therefore
represented by both the bus signal and the test program changing the bus parameter values, using
an APl around attribute assignment and signal Change method. E.g:

arincMsg.Frequency = “100.2 MHz”
aringMsg.Out.Change ()

An alternative approachis to consider bus messages being streamed information and converted into
discrete message transactions. In this model the basic message passes through several stages each
one adding discrete information, where each stage represents an encoder/decoder function.

Msg

package

Figure 6 Message Encoder/Decoder

When we consider what type of encoding our bus templates require it’s worth recognising which
Signal stream is appropriate. If we want to add physical noise, or attenuate the signal strength,
operating on the Physical Stream would be the most appropriate. Similarly, Bitwise operations are
best defined on Digital streams, where the signal has discrete channels and we can add more
channels. Equally abstract data streams are best for manipulating information and creating message
events and responses.

In order to “jump start” complex bus definitions there is a need to produce a (TSF) library of reusable
building blocks, for each of the different stream domains. An example of such a TSF would be Parity.
Generating the Parity bit is a function of the Digital Stream domain and possibly applicable to all bus
types, butits definition should be (andis) universal.

Parity Example

Even Parity can be described by using the recursive nature of TSF definitions; a feature that stems
from its roots in functional languages. The definition can be read as XOr the first digital channel with
the Parity of the remaining channels. Note the use of channels="-1’" in the XML to indicate “all
channels except”. When the problem reduced to just one channel, the model becomes simply “XOr”
of one channel.

<Signal Out="XOr" In="In" >
<this:Parity name="Parity" channels="-1"
In="In" />
<XOrEvent name="XOr" channels="1" In="In
Parity" />
</Signal>
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Figure 7 Universal Even Parity

CRCExample

Generating a CRC is a requirement of many of the serial data buses. We can define a generic CRC
generator that produces the XOR division of a digital stream using the recursive TSF definitions. The
following model models the recursive CRC generator. For simplicity, the “Start” and “Stop”
conditions for creating the CRC digital stream and adding the CRC channel to the original message
and not doing this when the message channels numbers the CRC channels, have been left out.

Channels

<Ins>

</Ins>

<Channels
<AndEvent
<XOrEvent
<Channels

/>

<Signal Out=

<In name="Msg" In="In" />
<In name="CRCn" />

<this: CRCn namez"_CRCn" CRCn="CRCn" In="_CRCn_Recurse"

"_CRCn" xmlns:this="BusTSFs">

name="Cl" channels="1" In="Msg" />
name="maskedCRC" In="Cl CRCn" />

name="_CRC" In="maskedCRC Msg" />
name="_CRCn_Recurse" channels="-1" In="_CRC" />

Figure 8 Universal Even Parity
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Suggested Bus Library Components
The following table identifies useful generic components that can be used to help define multiple

bus signal models as part of the internal Generic Template Design.

A core set of these provides components which act on multiple channels rather than on multiple
signals. Typically, operations are defined for multiple single channel signals, e.g. Sum, Diff, And, Or
and XOr. However, when dealing with Digital Streams its useful to be able to operate on the
channels as if they where separate signals, e.g. XOr all the channels asin the Parity example above.

Table 2 Standard Bus Types and parameters

Bus Type Properties | Type Default | Description
Parity In Digital Stream Generates the parity of the digital
stream
parity enumeration Even Odd|Even|Node|Mark|Space
CRC In Digital Stream Generates the CRC remainder of the
digital stream
CRC Int
CAnd In Digital Stream Provides logical AND of all Digital Stream
channels
COr In Digital Stream Provides logical OR of all Digital Stream
channels
CXor In Digital Stream Provides logical XOR of all Digital Stream
channels
CReverse In Digital Stream Reverses the order of Digital Stream
input
- lyl | 1
Scaling In Abstract N = sgn(y) - lf+ 5J
Stream
where y=x-offset
offset double
scale double Is the step size
IsEqualChannels | In Digital Stream Returns an even signal active is all

inputs have equal number of channels
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