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Communication systems for vehicle electronics

Presentation overview

O Background
automotive electronics, an application area for timejtrigg eﬁ{ﬁcommunication.
Q Time triggered protocols T e N ;

TTCAN, based on popular “Controller Ar@ St (i_rk’.’ (-CAN,)/protéE:‘d.\ <%
alora 1 S
TTP/C, Operational in civil aircrafts. 't“ i | a | ey ""”"E’

FlexRay, based on BMW's “ByteFlight”.

=Sl ) b
TTEthernet, based on classical Ethernet. - . '.n ;5& : ¥

0O Hybrid scheduling : ol ~%

combining static scheduling with fixed priority scheduling analysis.
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A premium passenger car is controlled and managed by 80+
Embedded Systems

Infotainment:

Comfort Electronics: Telematics Solutions
Thermal Management Car PC
Chassis Control  [RS=mlavs™ O SIS e—— Wireless Connectivity
Parking Assistant s s wsron — Car-to-car communication

Floating Car Data
e PR

Powertrain:
Engine Management
Transmission Control
Power Management

Adaptive Cruise Control
Electric Power Steering

Courtesy of Daimler, Bosch
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Virtual differentiation between variants

= All variants of a specific
model are physically
identical and differ only in
their individual software
configuration

® The various included
physical components can be
activated or deactivated by
the software

Entertainment
configuration

Variant 1

Motor
configuration
A

Entertainment
configuration

Motor
configuration
B

Variant 2
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Example of the electrical system complexity 1927-1997 ;

/

awvan © vorre

i
q 1200
No. of
No. of fuses meters of
electric
27 wires

Wiring diagram, Volvo OV4 (*Jacob”) 1927

1944

1956 1966 1975 1982
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The evolution of functional requirements on the electrical system

Power production
and distribution
Simple
components

More complex functions
stand-alone systems
ABS, Airbag

Integration of syst
Optimisation of infor
Common data bus

1970 1980 1990 2000

Features

450

400

350

300
250 / & #of
functions
200
150
—a—# of
100 A ;
/‘ integrated
50 functions

19301940 1950 1960 1970 1980 1990 1995 2000 2005

2010
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Automotive electronics roadmap

High | |==== Passive safety
(reduced personal injury Smart adaptive
in event of an accident) controls
Underfloor P"ﬁ;ﬁ wgmnunnesen=”
m Active safety concept L punn®
(avoiding an accident) Side air bag apwut muR®
Sida impoct protacton | e ®® %" Adlomalic Autonomous
Active seat belts ." driving Auto-
o 0 : pilot
Ai bag ,® Collision avoidance
& ; i o
2 Pt Highweay copilot 3
5 ‘.’ Platooning 5
g Deformation & EMB & EMS é
2 elements o Emergency brake g8
] R SHW (wb) 2
Compound &% Environment recognition Co-
glass &* BOW (wh) pilo
o B[F:iuad recognition (LDW)
3
..‘ Seat belt ACC (Distronic)
Safety cell &
L J
Jane® £8D Pilot
Low s ETC
| | | | ] | |
1960 1970 1080 1990 2000 2010 2020
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Example of the electrical system...

Lock
Window Lift

Universal Light

N Lig!]ht

0Oy

Instrument

Power Train Central

TS — T

| Body Citrl
oo |
[ ® Light
St-Wheel Pane@.-..l

Universal Motor

Universal Panel
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Multiplex Networks

Conventional

Network
system

.y
Engine Control g
E — g nannnnoaaan
Module
E '- Driver Information
Control units _'- g —
Automatic
Transmission JULUN JULL JULNL
———m —

Central Module
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By'ere COﬂthl Electronic

information

carrier

Fly-By-Wire
Controls

Hydraulic
information
carrier

The F-8 Digital Fly-By-Wire (DFBW) flight =
research project validated the principal ~ ~ .
concepts of all-electric flight control § S a
systems now used on nearly all modern | :
high-performance aircraft and on military
and civilian transports. The first flight of
the 13-year project was on May 25, 1972.

Courtesy of Dryden Flight Research Center
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Electronics in distributed control

traffic control

O T 17, |
l!@' il @!.-
) O

(¢ | ) wayside control
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Control system implementation strategies

Local control ofb ofb
= Local information processing o%b
= Independent control objects dEb

Centralized global control
= Local and central information processing
= Interconnected control objects

Distributed global control %
= Local and distributed information processing o — =

= Interconnected control objects —5= %

Roger Johansson/2012
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Non-functional requirements

Systt_em life Maintainability
- Ime - Extendability
Interoperability Q Changeability Portability
Safety QC @QTestability Restructuring
Performance/ .
Efficiency O QUSablllty
Security D <]Availabi|ity
Cost-eﬁectiveness@ QReliability<g Robusmess
Fault tolerance

Produceability@ O
L\ { T~ Understandability
Timeliness ﬁ

Conceptual Variability (variants, configurations)
integrity

System
Architecture
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Tradeoffs from Safety/Reliability requirements
The extremes from reliability requirements leads to safety requirements.
Safety requirements implies redundancy, (Fail-Operational, Fail-Safe, etc).

Safety requirements also demands predictability, we has to show, a priori, that
the system will fulfill it's mission in every surrounding at every time.

e In adistributed environment, only time triggered protocols with
redundant buses can provide this safety. Contemporary TTP’s are:

TTCAN, based on Controller Area Network (CAN) which is widely used in
today's vehicular electronic systems.

TTP/C, Originally from TU Vienna. Operational in civil aircrafts.

FlexRay, based on BMW'’s “ByteFlight”. Operational in contemporary automotive
electronic systems.

TimeTriggered Ethernet. TTEthernet expands classical Ethernet with services to
meet time-critical, deterministic or safety-relevant conditions.
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Time Triggered CAN =

= Based on the CAN protocol -- :
= Bus topology

» Media: twisted pair ‘
J Closes
@ Node2

= 1Mbit/s
Transmission
) Columns . "Exclusive” - guaranteed service
Basic _— — h
cycle 0 N
Basic W "Arbitration” - guaranteed
- basic N e [ o~ E | service (high ID), best
cycle 1 effort (low ID)
Basic ,THN e —
cvcle'2 EI "Reserved” - for future
P o/ ~ - | expansion...

cycle 3 L

Time is global and measured in network time units (NTU’s)
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Time Triggered Protocol /Communication
= Double channels (one redundant). C:F)

Bus topology or "star” (optical)
» Media: twisted pair, fibre |
= 10 Mbit/s for each channel D

"TDMA-round” A network is built on either

twin buses or twin stars.
"message slots”

All communication is statically scheduled
Guaranteed service, Non periodical messages has to been fitted into static slots by the application
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Flexray

Double channels, bus or star
(even mixed).

Media: twisted pair, fibre

10 Mbit/s for each channel

"Static segment” (TTCAN “Exclusive”)
- guaranteed service

Guaranteed "Best-effort”
periodicall aperiodical
aperiodical

Guaranteed periodical

- "Dynamic segment” (TTCAN "Arbitration”)
- guaranteed service (high ID), "best effort”
(low ID)

o =N W

Static segment
(m slots)

Max 64 nodes on a Flexray network.

Dynamic segment
(n mini-slots)
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Time Triggered Ethernet

Classic Ethernet bus topology
1 Gbit for each channel

Lor jest Communication Period in this :xample: 4 ) Base Perii d (P w.)—

TTEthernet
|
| P e 2P e {] P owee | P ns 45 P e || Poass
[RC | [_RC ]| [RC | | RC_| [RC | [__RC |
—B5 ¥ Period— - —~Base Period ] —Ba's y Period - -Base Period
-

Compare with TTCAN "basic cycles”

Roger Johansson/2012
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Comparisons

All protocols targets real time applications.
TTCAN and Flexay combines time AND event triggered paradigms well.

All protocols are suitable for scheduling tools.

TTP/C has commercial production tools. Tools for TTCAN and Flexray are
anticipated.

CAN, many years experiences, a lot of existing applications.
Implies migration of existing CAN applications into TTCAN.

TTP/C considered as complex.

Poor support for asynchronous events. High complexity, lacks second (or multiple)
sources.

Flexray is the latest initiative.
New hardware, promoted in for example "AUTOSAR”.
TTEthernet.

Proven technology with lots of existing hardware,

Roger Johansson/2012
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What to choose?

Hercules™
MCU

TMS570LS31x MCU Power, Clock, and Safety

OSCAL  POR B

ARM
?1‘ Cortex-
R4F
Up to 180 MHz

Key features

¢ ARM Cortex-R4F core floating-point support
o et mm MOSY orioce * Up to 180 MHz

SDR / ASYNCH * Lockstep safety features built-in simplify SIL-3/ASIL D applications
* Up to 3-MB Flash/256-KB RAM with ECC

¢ Memory protection units in CPU and DMA

. ¢ Multiple communication peripherals:
Serial I/F Network I/F ADC Timers/I0 © Ethernet, FlexRay, CAN, LIN, SPI
MibSPH 10100 EMAC MibADC1 2x High End * Flexible timer module with up to 44 channels
el 458 G4Bufiers Timer (NHET) * 12-bit analog/digital converter

MibSP13 12-bit, 24 ch 160 words i
128 Beflers: 668 8K Message RAM (16.ch Shared) Np e &4 ples ¢ External memory interface

3xCAN (64mb) pgpaDC2

MibSPI5
128 Butfers; 4 CS

Sh2 263) ! = 12-bit, 16 ch Targeted transportation applications
SPI4 (1CS) Fc (16ch Shared)  GIOB/INTE (8) » Braking systems (ABS and £SC) » Rerospace
* Electric power steering (EPS) « Railway control, communications and signaling
* HEW/EV inverter systems * Off-road vehicles
Roger Johansson/2012 19
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Combining time triggering with events:
Example of Hybrid scheduling for TTCAN & ‘};4

‘ﬁimh?l

Messages are sorted into three different categories:
e Hard real-time, for minimal jitter with guaranteed response time.
e Firm real-time, for guaranteed response time, but can tolerate jitter.
e Soft real-time, for “best effort” messages.

Roger Johansson/2012 20
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D.
" T N Rn N >
TTCAN detal |ed StUdy forrn:'ling = - -liu;;.l-:n;-- Tttt | Transmission S e O
Response time analysis Q T
- C :I
r L2 I s ) ' i) B

7} ¢——p !‘;v:”d.ium priority
@-}T < > n'.l::a'. ¥
0T ¢ . Ri e s R.s i

R=B+T +Q.
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Time triggered messages M"

After structuring:

Transmission Columns

Basic cycle 0 .d

Basic cycle 1 > .

Basic cycle 2 > ‘

Basic cycle 3 > q

M : {Mh, Mf, Ms}, assume that at least M" is defined. We now construct a matrix
cycle. Due to protocol constraints, the schedule has to fulfil:

LCM(Mh)) =x 2"

where:

e LCM is least common multiple period for the MM message set;
e x is the preferred length of a basic cycle within LCM;
e n is the number of basic cycles.

Hardware constraints:
Hwcl:

Hwc2: 0 < n < k, always a power of 2, constraint in hardware.
Hwc3: # of triggers < Tr, columns in the matrix cycle. Limited by the number of

available trigger registers.

1 < x £ 2Y, has to be consistent with a hardware register, y bits

Roger Johansson/2012
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.................

Multiple solutions satisfies the equation...

Choose a strategy:

Strategy 1:

Minimize number of basic cycles, requires a longer basic cycle, and more
triggers.

Strategy 2:

Minimize length of basic cycles, increase probability of finding a feasible
schedule for large message

Roger Johansson/2012 23
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Persuing the strategies...

Construct a schedule for the following set:

Mh = (M1, M2, M3) with the following attributes (NTU):
M1, = 1000, M1, = 168
M2, = 2000, M2, = 184
M3, = 3000, M3, = 216

It’s obvious that:
LCM( M1, M2 , M3 ) = 6000.
and:

6000 = x 2"

Roger Johansson/2012 24
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Strategy 1

Minimizing number of basic cycles yields: 2" = 1, so n = 0 and x = 6000.
Hwcl and Hwc?2 are fulfilled.
Total numbers of triggers for N messages in one basic cycle is:

- LOM(M)
in this case: i1 M
# of triggers = 6000 6000 6000

1000 2000 3000
So, strategy 1, leads to a solution with:
¢ 1 basic cycle and 11 triggers.
e MALtrix cycle length is 6000 NTU.

Basic Cycle Triggers
0 (168 [352 | [1000 2000 2168 3000 | 3352 40004168 5000
M, M, M; | M, M, M, M, M M, M, M,

Roger Johansson/2012 25
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Strategy 2
Basid 1 (at0) 0 168 352 |} - - ’“rrigger
cycle| 2 (at 375) - - - - - - Information
3@750) | . - - 1000
4(@t1125) | - s S
5(at1500) | . . -t
6 (at 1875) |- - 2000 [2168 |-
7(at2250) |- - - S
8 (at2625) | - - -t -
n=o: 9(at3000) [3000 |- . - 3352 |-
: 10 (at 3375) |- i A C L
6000 = x 20 = X = 6000 1 8&750; N A A L L - la000
12 (at4125) |4125 (4168 S L L
(same as strategy 1) 1 (Zt4500) A A [ el -0
14 (at 4875) |- - - S - [5000
n=1: 15 (at 5250) (- - - - - - - Minimurm
_ _ 16 (at 5625) |- - - - Triggers|
6000 = x 21 = x = 3000 1 M, | M Vs 3
2 0
n=2: 3 [ M, ] 1
6000 = x 22 = x = 1500 . :
6 M M 2
s G [w, [, ] :
6000 = x 23 = x =750 8 0
9 M, ] [ M | 2
—A- 10
n= 4'_ 4 _ 11 (1™ 1)
6000 = x 2 =>x =375 12 2 M [ M, | \ 7
13 ~F0
n=>5: 14 (M [ 1
6000 = x 25 = x =187.5 S 0
16 0
26

Roger Johansson/2012




CHALMERS Communication systems for vehicle electronics

Chalmers Unieersity of Techaciogy

Strategy 2

Avoid this conflict with the requirement that:
a basic cycle shall be at least as long as the shortest period in the message set.

Applying this restriction we get:
n=2,(x=1500)
which yields a feasible schedule:

Basic 1100 168 (352 |- - - 1000 Trigger

cycle 2 | - - 2000 2168 | - Information
3 3000 | 3352 |- - 4000 4168 Minimum
4 | - - 5000 | - - Triggers

1 M; | My | Ms M, 4

2 M, [ M, 2

3 M, | | Mj M, [M, | |4

4 M, | 1

Roger Johansson/2012
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Verifying the events... (Mf)

Basic | Grey slots are supposed to be allocated for M "

Cycle | NTU-slots (Columns)

1 Go

2 of1 (o)

3 . ds da4 ds

2" On-3 On-2 On-1

for each message m in MT:
for message m = 1 up to last m
for virtual message VM; = 1 up to last WM
if( Qm + Tm ) falls within ( VMi,Start H VMi,compIetion )

Qm = VMi ,completion

else
1
Q=Y {Qﬂn
Vj:Pn<P; tj
endif
end
end
end
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Conclusions

Q Applicable real time communication protocols for safety-
critical applications has to provide strictly periodical
(minimal jitter), periodical (jitter is negligible) and a-periodic
communication to fully support control applications.

O Scheduling periodical and a-periodical events requires a
combined approach, hybrid scheduling.

O Hybrid scheduling is sparsely found in today’s literature...
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Thank you for your attention.
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