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Background

e Current avionics
databuses
developed in
1970s

e Speeds of 10
Kbps to 1 or 2
Mbps

e Higher speeds
needed

1 Mbps

100 Kbps _ _

HI MIL-STD-1553
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Why not use Ethernet?

e Speeds of = 10
Mbps

e Readily available
low cost parts

e Well established
software
protocols

1 Mbps.___ —

100 Kbps

ARINC 429 HI MIL-STD-1553 Ethernet
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Avionics databus requirements

e Deterministic
— Bounded latency, i.e., fresh data

e Reliability
— Redundancy
e Light weight
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Ethernet

e Probabilistic
e Non-redundant

e Switched star
topology

e High bandwidth
e Growth capability
e Scalable
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Ethernet is probabilistic:

e Unbounded latency
e Terminals compete for bandwidth
e Random and unlimited transmissions

>

100% Success Rate

e e e e e e e o — — — — — — — ——

Probability of success

Time
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Ethernet is non-redundant:

e Faulty line may disconnect a terminal or
a switch

Switch Logic

Switch Memory Bus

Buffer| |Buffer Buffer| |Buffer Buffer] |Buffer

End End LR End
System System System
A B n
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What is AFDX?

e Avionics Full DupleX Switched
Ethernet

e ARINC 664 Aircraft Data
Network, Part 7

e Flight-worthy Ethernet
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AFDX vs. Ethernet

o AFDX e Ethernet
MDeterministic QProbabilistic
MRedundant ONon-redundant
— Switched star — Switched star
- High bandwidth - High bandwidth
— Growth — Growth

— Scalable — Scalable
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AFDX is deterministic:

e Smart, preconfigured
switches Switch Logic
- FUII dupleX Switch Memory Bus | ten
- RX/TX message —— — Rlx TXI
b u ffe rs Buffer| |Buffer Buffer| |Buffer Buffer] |Buffer
4] n A n A [i]
e Predefined message rulidupiex /AT 2 (AN "N
. . . data transfer ¥ U Y u Y !
routing in switch T ¢ b
_ _ T RX X RX TX RX
° Adm|SS|OnS Control Buffer|] |Buffer Buffer| |Buffer Buffer| |Buffer
. End End L End
— Budget your System System System
bandwidth” A 5 "
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AFDX is redundant:

|::> Network A
Switch Logic
Switch Memory Bus |

RX TX RX ™ RX TX
Buffer| |Buffer Buffer| |Buffer Buffer] |Buffer

e Messages transmitted — — —

onto both networks raauptex JU (MR (M.

(A and B) AN AN e 1]
Buffer| |Buffer Buffer| |Buffer Buffer] |Buffer|

i i nd nd nd

e Receiver accepts first B S0 N e

valid occurrence ¥ g pa
BJf;(er BURF?F(EI‘ BL-_Ir'F);EI' BURf)f(el' BJ;EI’ Buffer

e Embedded sequence — T T

Full duplex X n X N X n

n u m be rS data transfer.l\g“.f X \! ¥ \, X
BLTF)I‘{er anf);er BS#er BJF);er Bff?er BJ:f(er

Switch Logic
| > | Network B
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Virtual Links

PY \\VLII
e MAC used for VL

e Connects end systems Switch Logic
— Logical SwitchMemo;Bus | -
— Unidirectional x| [ ax | [x R|x TXI
Buffer| |Buffer Buffer| |Buffer| Buffer| |Buffer]
— 1 source
: . Full duplex
— = 1 destinations  datatransfer
BuTXFFer BuRf);er Bqu'};er BLTF);E[’ BLfofer BLTF)IEer
End End mmn End
System System System
A B n

VL connects ES A to ES B and ES n.
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Budgeting Bandwidth

e BAG = Bandwidth Allocation Gap

e Each VL has preconfigured bandwidth
- Max packet length
— Min packet interval

e 1 ms <BAG £ 128 ms

BAG o BAG

L Minimum packet interval
I‘N

E E m

.l

: l time (t)
Maximum packet length
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AFDX system designer

e The AFDX system desigher must
define:
— Virtual links (VL)
— Bandwidth allocation gap (BAG)
— Ports (Sampling and Queuing)
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AFDX system designer

Dynamic Network
Allocation
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End System Communications Stack

Maintenance
Application

Avionics Application

File Transfer
TFTP

:lIIIIIIIIIIIIIIIIIIIIIIIIIIIIm-- —-IIIIII\IIIIIIIIIIII IIIIIlllllIlIlIlIr__rllllll:
: End 7 Application sampling | Quening - : e
: System 5 . :
: 6 Presentation 1 :
: ' :
g n :
: 5 Sessi - :
. ession 1 :
» , SAP 1 .
0 AN . .
g = = = Management :
: 4 Transport UDP: User Datagram TCP 3| Information g
a Protocol (Optional) Database E
§ 3 Network IP: Internet Protocol :
E Network level 2 Link :
: deterministic :
* characteristics Ethernet ARINC 664 Part 2 = | :
: 1 Physical :
:llllllllllll'l'l' —_—-———_——_—_—_—-—————_——_‘.
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AFDX Ethernet Frame Structure

7 bytes 1 byte 6 bytes 6 bytes 2 bytes 46 to 1500 bytes 4 bytes 12 bytes |

Destination Type P upp AFDX Pavload Padding |Sequence Frame
Preamble St;":lti:"i?:r‘e Address Asc?durrv::s (0x800 IP Header Header  [FERYS 147all.yb::es} (0 to 16 | Number Check Intt:;r;rame
(VL) va) (20 bytes) | (8 bytes) bytes) | (1 byte) | Sequence P

—MAC—— AFDX Msg—

€ UDP
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AFDX Payload

e AFDX Payload

— Functional Data Set
e Functional Status Set
e Data Sets

AFDX
Payload

Reserved
(32 bits)
S
Functional !/ Functional
Data Set 1 / Status Set
/
)
Functional ,!/ PP
Data Set 2 | /
/
Functional
Data Set 3 Data Set 2
\\‘ Data Set 3
\
\
i
\
Functional
Data Set n ‘.“ Data Set 4
1
\
\
Padding (If \
necessary) \
‘,‘ Padding (if
\ necessary)
\
1
\

Functional
Status 1

Functional
Status 2

Functional
Status 3

Functional
Status 4

Datum or
Field 1

Datum or
Field 2

Datum or
Field 3

Datum or
Field n
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AFDX in CoPilot

B AFDXMonView? - Monitoring AFDX #0 count-64

Fecord

Dizplay Display Filter GoToMeszage  Search

Mo =

L
= 0x0001
3. 32884655: ﬂ 0x0001
2471434 seC A 112 0x0001 b

=-He DemodFDXCard!* AFDX card
- MetwarkAR
=] ﬁ" Wirtual Link 0 [¥L 0 Receive]
_|_| F'n:urtI:I Sampling
= |._ Functional Drata Set 1 [FDS 1]
s DataSet 1(DS 1)
-8B Field 01 [[45-49).32 bitz]
@ Field 02 [[50-53],32 hits)
El _L.u F'-:urt'l [Fort 1 - Queuing]
= |._ Functional Drata Set 2 [FDS 2]
- DataSet1 (D5 1)
----- &= Field 01 [[46-49].32 hits)
...@ Field 02 [[50-53].32 bits)
(28] Sequential Monitor

H FHFHFHE

Gequential Record 0
Frame 0 [63 bytes)
Ethernet II, 3rc:
Internet Protocol
User Datagram Protocol
Avionics Full Duplex Switched Etherhet
EDst Addr: 03:00:00:00:00:01
}-Eonstant field: 03:00:00:00 (correct)
“AFDH VL: 1

#5rc Addr: 00:00:00:00:00:20

EIP Dat addr: 224,224.0.1

-Clazs: D

-Constant field: Ox0EQ [correct)
-¥irtual Link Identifier: 0x0001

EHIP Src Addr: 10.0.0.0
-Clazs: &

-Priwate IFP address:
-Network ID: 0Ox00
-Ecquipment ID: 0x00
-Partition ID: 0Ox00
-Wetwork: 1 - &4

- AFDY Payload: 20 bytes
-REN: 110

O0:00:00:00:00:20, Dst: 03:00:00:00:00:01

[(VL:1 R3N:110 NET:4)

0x04

[elelelelelelels]
Qooooo10
Qooooo20
Qooooos0

03 00 Q0 Q0 00 01 00 Q0 Q0 Q0 00 20 08
Q0 3F Q0O 00 00 00 00 11 COC CC 04 00 00
00 01 00 01 00 01 00 1D COC CC 54 &8 59
73 20 73 8l eD 7O aC 65 20 &4 8l 74 &l

oo
oo
73
2E

= zsample data.n
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AFDX In Review

e Avionics Full DupleX Switched
Ethernet

e AFDX uses, but deviates from
Ethernet and other specifications

e "Smart” switches
e Deterministic
e Redundant

e 100 Mbps Come visit us at
booth #2009
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