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ABSTRACT

This paper describes the
communication protocol, BEAN (Body Electranics
area Network), developed for body control system on
passenger cars whu_:h in recent years has increased
ihe Scope of multiplex communication. BEAN is
pased on a protocol developed in 19}?2 (SAES20231)
put expands upon the performancg in areas, such as
he suitability of the iD system forincrease of ECUs |
the variable data length erabling !r_m }ransmission of
diagnostic data, and the transmission rate, while

muftiplex -

keeping the cost and radiation noise levellow. The

software size of BEAN is compact enough to be

implemented by general purpose 8bit MCUs which

have recently seen improvements in performance.
The BEAN communication devices are available
comesponding to the scale of the application and
configuration of the ECU taking into .account the
software capability. This protocol was evaluated
using simulation with the body control system on
luxury passenger cars. < ¢

INTRODUCTION

In 1982, we developed a simple and low cost
multiplex communication protocot for the body
control system. This system was aimed mainly at
door controf systems such as the power window and
door lock control and has been used in mass
production on the LEXUS LS400 since 1995.

Recently, the number of functions avaitable
@n the electronic system for the body control has been
increasing, and it has become necessary 1o enlarge
the area with muitiplexing to reduce wire hamess
volume. For example, the power window function
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"ncorporates a jam protection controf feature as weli

fFemaote pawer window cont : :
rol.
lack control syste Moreover, the door

™ is linked 1o the airbag system for
lr:]ﬂ‘g[fk‘ control. Figure 1 shows the data to be
Multiplexed in  a body control system built into a
Passenger car. Switch data has been the main data
of the conventional body system, but the use of
control data, like vehicle speed, cooling system fluid
lemperature and ambient tempersture are aiso
iNcreasing in order to reduce the wire hamess size
and to share data ameng different ECUs. Though

the da_ta is not transmitted frequently, it is still several
bytes in length.
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Figuré 1: Number of data to be multipiexed

Figure 2 shows an example of a large scale
body control system.  For the servicing of such large
systems, diagnostic ~capability is required.
However, each ECU implementing the diagnostic
iterface circuit (1ISO9141) would result in an
Increase in cost of the system. To scive this

 probiem, it is more efficient that one ECU has the
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such complex dats. it
handie Under thep; circumstances, fhie" :gwil;malso
variety of the data to be transm

jonal
' ics area, optiona
increasing. In the body elecliofi® (Tt Tqirong

' Guently change A
;ub?uc:ig,en;n‘f:rquiveybelieve that the sefec(t;ogo of :2
optimal network system is needed. an bom'high
inftiated the development of 8 protocol with b
performance and flexibility that keeps
mtmmur%.ﬁs paper summarizes ihe fequi_reme:ﬁ :ef
the protocol and describes the specifications -
protocol that was developed for the body eledrz;lua'
system (BEAN). Next, we present some 2 -
examples of the data communication devices
tools necessary for the development of the system.
Then, using the LEXUS L5400 as a luxury cal

example, a case study of the BEAN application is

conducted. Finally, the future issues of buitding an

in-vehicle network for the body system are
discussed.

REQUIREMENTS FOR THE NET
ELECTRONICS SYSTEM O\ OF BODY

The requirements for the network
electron 5 of bod
CS system are summarized as follows: 7
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6. consumption when the ignition key is qf

Ability to transmit diagnostic messages;

loped for the Ls
The protocol develol ; 400 4
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poth low cost and expandability.
SPECIFICATIONS FOR BEAN PROTOCOL
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In this section, the physical layer ang datg

ik layer, the primary features of BEAN o

PHYSICAL LAYER - The specificatigng
taking the adaptability to passenger cars iy,

consideration for the physical layer of BEAN are ol
follows: 5

Low electromagnetic radiation noise
CSMA/CD method

Non-shielded single wire

Resistance to ground offset among ECUs
Resistance against surge noise

Larger clock tolerance

Low Electromagnetic Radiation Nolse - :
Recently, the use of the glass printed antenna for the
radio has been increasing. Because this antenna,
however, is easily influenced by noise as compared
with the conventional rod antenna, it is vital that we
limit the electromagnetic radiation noise generated
from electronic components. In the bus interface
circuit adopted for LS400, the wave form output to
the communication line was controlled in the form of
a trapezoid to reduce the noise. The bus interface
dreuit is shown in Figure 3.
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Now, We confirmed the radiation noise Jaye|
similar control method by changing the
jon rate to 10kbps. (We chose NRZ a¢ the

trgnsmézsdi ng method and adopted bit stuffing o

bil eﬂe the clock tolerance. ) However, as g
incﬂ’ha the noise increased largely because the
resu 'of the wave form edge had to be increased in
slop® ance with the transmission rate. (Figure 4)
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gg{a“s of this driver will be explained in the next
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Figure 4: Comparison between 5kbps and 10kbps
using similar control methods.

Current Control Type Bus Interface Circuit-
The block diagram of Figure 5 shows the structure of
the driver/receiver corresponding to a non-shielded
single wire, transmission rate of 10kbps and NRZ
encoding method. :

The driver/receiver gradually outputs current
to the bus in order to reduce the radiation noise.
The voltage wave form is quickly changed to stably
receive the data. The functions of the circuit are
described as follows and the wave form is shown in
Figure 6.

The driver consists of an integrator circuit
and voltage-current conversion circuit.
The tfemminating circuit functions as a constant
current source.

When the output (VTx) of the communication
IC shown in Figure 5 changes, the integrator circuit
changes the output (Vic) voltage gradually. The
output signal of integrator circuit is connected to the
voltage-current conversion circuit. The voitage-
turrent conversion circuit gradually changes the
Output current (lvc) according to the output wave of
the integrator circuit. In this way, the driver outputs
Curent to the BUS. The voltage of the BUS (VBUS)
s Shown in Figure 6.
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Figure 5:  Block diagram of bus interface circuit

A The termmatipg circuit consists of a constant
Wh Source working as current limiting circuit.
en the output current of the driver begins to drain
current greater than the limit of the terminating
Circuit, the voltage of the bus is high, and when it
begins to drain a curent fess than the limit of the
terminating circuit, the voltage of the bus is low.

VTx

VBus

Figure 6. Wave forms
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Figure 7 Bus intertace circuit (current Control type)
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DATA LINK LAYER - The data link layer is_a
very imporant section that plays a farge part in
determining the system performance and_ greatly
affects the cost of the communication lq.
Optimization of the data link layer of the protocot is
studied by taking inte consideration the requirements
descnbed in the previous section and the scale of the
communication device.

Optimization Of The Data Link Layer-
In the in-vehicle network of the body controf system,
major communication data is triggered by the
operation of a driver. Therefore, the most efficient
transmission method is the CSMA/CD method,
suited to signais with fewer periodical properties,

The system's drawback, namely its inability
10 ensure the data delay time except for messages
which have the highest priority, may be negiected in
a body control system. ff is improbable that two or
more transmission requests originate at the same
time. because the probability that a driver and a
passenger operate switches at the exact same time
S considered to be an extremely rare case (most of
p Sanals are triggered by switch aperations)
Features of the CSMACD, such as better
expandabilty and capabiity of eag g or

: easily adding or
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data).
variable. ultiplex system, extemnal no;
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m ofined 0 ensure_ the reiiabi}ily of the datby
’ occurs, the data is au{omatlcally resen :.
i Trr:r::?f{mes to prevent the omission of datg P
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Outline of data link layer -The outline of

link layer for the newly developed in-vehicle “et\rm}:

hows the .
i ped. Table 1 5 Brim
;;ec?fie:ac;?ons. Figure 9 shows the c:omrrmnicaﬂnn
frame format.
. gpecification of data link layer

Lo SPECIFICATION

Access method CSMAJ/CD with bit wise arbitration

Error check 8-bit CRC

Response ACK: Acknowiedgment

NAK: Non-Acknowledgment

"Datalength___| 1- 11bytes
| SOFML_MESID CRCB RSP
L 1;4141 8| 8 [8x1~11] 8 1’6[11:;, 6 1
1L "l—' T T d] 2 _;
" PRI DST-D DATAT~11 EOM EOF |y,

. of 16 priority levels. '

| - ML (4bits) shows the length of the message and

| the number of bytes of [ID + DATA](3 - 13).

! « DST-ID {8bits) is an D showing the

! communication destination,

[ « MES-ID (8bits) is an area showing the contents of

| the message.

; - DATA (8 - 88bits) represents the data area and has

! length variable from 1byte to 11bytes.

+ + CRC (8bits) represents the area of error check

i code.

. - EOM (8bits) shows the end of the message and
controls the time to prepare the response for

: sending,

' + RSP (2bits) represents the response area.

- EOF (Bbits) shows the end of a frame.

' v .
Is (i.e. switch signals g, ar;:?-
e

T

Figure & Frame Format

bit is § i stuffing rule is employed - an inverted
| valis i "I.’e" 5 consecutive bits have the same
ueéinthe period from SOF to CRC. Broadcast type

< are available in addition to the Point-to-
Jype messages, and the communication

" switched by the pST-ID. When the
metho js FFH, the communication is set to the
DST;:Ea sting method. If the DST-ID containg 4

prod er than FFH, that value represents 1he
vsg;,a?ilgn ID. The length of the dala arey s
de

le up to 11bytes whiph allows the packaging of
rotocol messages into the data area, Mis
to include 3bytes of header and 8bytes of

other P

pgSSib'e

data-)
wake-up/Sleep Control - Some ECUs of the
ptrol system are required 1o function even

b ’;I‘:ﬁe ignition key is set‘ at OFF. To prevent
ﬁ;?niﬂg the battery, a function to enter the power

ing mode when operation of the ECU is not
savgled and to return the normal operation by
33’; cling voltage changes on the transmission line is

£XAMPLE OF BEAN DEVICE

This section describes a communication
device (data link controller) which enables
communication with the BEAN protocol explained
in the previous sections.

EXAMPLE USING GENERAL MCU - Using
o general single chip  microprocessor, ajf
mmunication is  controlied by the software. This
ic:app]]cable for small scale ECUs and is a small load
| programs.
zz\f:::;geﬁ gof this system are shartened
development time and ease of modification for
changes in the protocol. For example, the load on the
MCU is 61% on average using assembly language
when BEAN is built using a Hitachi H8 MCU. (Where
the clock frequency is 8MHz.)

EXAMPLE USING CUSTOM
COMMUNICATION IC - Wired logic circuits are
achieved by using the custom communication IC
independent of the MCU. This system can be used by
any MCU without limitation. The advantage of this
system is that the system reduces the load on the
host MCU. Figure 10 shows a photo of the IC chip.
Table 2 shows the primary specifications.

Figure 10:  Photo of the chip

T‘abie 2: ana__ specification
I TEM SPECIFICATION
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Chip size 4mm x  2mm
fosi N rule 1.2um rule
Circuit scale 4000 gates

EXAMPLE USING ORIGINAL MCU FOR
oDy CONTROL - The body control microcomputer
BOS-microcomputer) used for BEAN is an 8-bit
high speed,  low power microcomputer designed for
in-vehicte use_ with buitt-in communication hardware
that implements the BEAN protocol using
Customized communication software.
. Using an original dual-task MCU, each task

functions alternately based on the time sharing.

and processes 2 instructions at 0.5 it 5 intervals when

the extemal frequency is set at 8 MHz (internal

frequency is 4 MHz). This enables high speed

processing because 96% of the available 48

mnstructions are  executed in 1 cycle. The
Communication software is processed only in the A
task (one task of the dual-task) and the L task (the
other task) is not influenced by the communication.
Therefore, the L task can be programmed for the VO
controller such as the input/output process or error
process, without worrying about the communication

process overhead(Figure 11). Features are as
follows: '

1. The application program can be created easily,
independent of the BEAN protocol

2. Simplification of peripheral circuits (Figure 12)

3. Builtsin malfunction prevention (l.e. watch dog
timer)

4. Low power consumption

J

L task

processmg

Commumcation
procassing

Figure 11: lmages of L and A tasks.
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BEAN DEVELOPMENT TOOLS

The multiplex transmission protocol has the

advantages of simplified wire h
as the scale of the system be
dsvelopment and evaluation be
The development tools COTES|
development phase -- such as
development, prototype mode

amesses. HOWeVer,
comes larger,
comes more difficull.
ponding (0 _each
the simulation prior to
ling of each ECV,

functional checks of all ECUs, and confirmation of
functions an actual vehicle - are needed. For_ l[lese
purposes, development tools called "LAN testers” are

available.

The primary funclions of the development

1oois are explained below:

1. Collection, recording, and display of
communication bus data.

Detection and display of emors.

Specified data sent at a specified timing.
Specified collection data such as switch data
output from ports in real time.

Analog signals (i.e. the vehicle speed, water
temperature) output in real time.

Functions 3 to 5 are usefui for the funclional
check of a single ECU or used as an altemative ECU.
Functions 4 and 5 are useful for monitoring the signal
of sensors and switches on an actual vehicle.

_ is’-‘ligure 13thshovgca custom LAN fester. Figure 14
WS e card(PCMCIA
development too! i s

oo

b

Pigure 3. Custom LAN Tester

.wa:

Figure 14:

PC card type development tog),

CASE STUDY USING LS400

This section describes the BEAN ¢ase i
using the LEXUS L8400 which has a complex el
scale body efectronic system. Figure 2 shows o
configuration of the system. The number of nodes
connected to the body control network is 15, _

STRUCTURE OF THE NETWORK - First
the structure of the network is shown. Funciigng
restricted by the protocol, such as fauit tolerance are
performed within the respective application taking
fail-safe into consideration.

Multiplex_Transmission_Signals - Multipley
transmission signals are selected as follows by taking

into  consideration the reliability of i
communication: '

Signals necessary for the control of a nodg,
even during bus failure, are inputted directly by the
node and then transmitted to the other nodes. For
example, the vehicle speed signal is calculated by
the combination meter ECU and the ignition key start
position is detected by the engine ECU and then

both signais are transmitted through the network by
the respective ECU,

__Inthe body system, there are many signals
suutahlg for asynchronous event triggering. If an eror
Tocus In the message, some of the data will be lost,
to ;‘{;ve 1hi5_pro_biemr signals like the warning signal
s c?r:‘:smr::gg? meter ECU is not only sent by
transmission. on, but aiso by periodical
Communication Method - E
A rroe ol 1OG ach node uses
gﬁiﬁ?e:emqesm“ding to the vehicle mode — the
Diagnosis Y is set at OFF, Accessory, ON, of
received f'romEaCh node basically sends the data
For example Sensors and switches to the network.
conirol is reaq when all sensor data necessary for

ad by an ECU, (i.e. engine ECU), Data

the RPM of the engine ang W
su ::uw is sent to the network dy ring atll:;
(Emg:ical transmission only when the ignition o
p !'li the ON position even though the amount of the
sel "racgived from the body control system is smayj
data giciently design the wire hamess system, s Qﬂais'
70 end the nodes are inpuited to the ECU 1o seng
aray to the network, even though they may not pe
th ded for control. For example, the engine ECy
the hydraulic pressure switch of the engine ang
the data to the instrument cluster ECU.

Bus Reliability - Siqce this protocol's goal is
Juce the cost o'f the physucal layer, the following is
aken into consideration on the vehicle side to
- orove the bus reliability. The bus is connected In
:;:gy chain configuration to ensure safe
mmunication even if‘a \.Nire'in _the system is
broken. Multiple bus terminating circyrts are mounted
DChe n etwork to prevent the entire system from
ma[functi{)ﬂing even if a terminating circuit fails.

Gateway For Diagnosis Data - in Figure 2,
{he engine ECU and body ECU are nodes that use
the 1509141 interface for communicating with
diagnostic tools. The other nodes are connected to
the diagnostic tools thrpugh BEAN The messages
specially designed for diagnosis is set on each node
peforehand and is sent only when In the diagnosis

e.

L The diagnostic message is placed into the
DATA area of BEAN by the body ECU. Since this
message is sent via the broadcast method, other
ECUs automatically read the message and confirm
that the diagnosis request has been sent. If there is
diagnostic data, the ECU returns to the body ECU a
message to transmit the diagnostic data to the tool.
when the body ECU determines that the MES-ID is
for diagnostic data, the body ECU puts the DATA
area into a diagnostic message to be sent to the tool.
Thus, the body ECU is able to transmit the diagnosis
message from other nodes without reading its
contents, resulting in a reduction in the load on the
body ECU.

COMMUNICATION CAPACITY AND
SIMULATION - Using the model shown in Figure 2,
the volume of communication data shown in Table 3
is needed.

Table 3: Communication data volume.

Transmit datal Transmit mode Data volume
Switch signal {Periodical 272bit

Not periodical 136bit
Cantrol data [Periodical 41byte
. Not periodical 176byte

Since short interval periodic data may greatly
affect the communication capacity, ta insure the ,
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Performan
transm;

Utilization target of 40% or less. In order to verify the

Performance of the n :
m etwork, the following
simutations were performed.

simulati
details
SAE p

Paper.  The simulati .
capable ion system was designed 1o be

line as well as : IR
items wh processing of individual signals.

follows:
1.

Ce of the CSMAJCD system, the interval of
SSion is optimized based on a average bus

Simulation System - The configuration of the
on system is shown in Figure 15. The

of the simulation system are contained in the
aper 910463 and will not be described in this

of evaluating both the entire communication

ich can be evaluated by the system are as

Signal base evaluation: Number of data
onginally produced, number of collisions,
number of data discarded, delay time.

2. Node base evaluation: Number of data sent,

?‘r:ount of data sent, Average data sending
ime,

3. Communication system base evaluation: Total
size of messages, Total data discarded.

SIMULATIONP ROGRAM DATA BUS

SIGNAL ATA DATA
GENERATION TRANSMISS ION RECEPTION
DATA NCOE PROTOCOL
DESCRIPTION DESCRIPTION | DESCRIPTION

"GENERATION MODE “TRANSMISSION NODE  "BIT RATE

*GE NERATION “RECEP TION NODE *ACCES S SCHEME

PROBABILITY

Figure 15. Configuration of the simulation system.

Result Of Evaluation - According to the

results of the evaluation and simulation, the
performance of the communication protocot was
verified as follows:

1. Delay time: Fig. 16 shows the delay lime

distribution of all passenger seat window UP/DOWN

signals which have the highest priority and the

vehicle status signal which has the lowest priority.

The delay time refers to the interval between

occurence of the transmission data and the
completion of its reception. For the highest priority,

the delay time is 20 ms or less.

2. Bus utilization: The bus utilization is an index
representing the rate of time when a message
(including headers and eror check codes) is on the
communication line. The bus utilization is
calculated based on the formuta below:

Bus utilization = (Frame length) X (Number of
transmission frames) / (Measurement time)
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Figure 16 - Delay time distribution.
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JTURE jsSUE OF THE BODY CONTRqy

FETWORK

NE
wing subjects will arise g4 th
trol network incrﬂasese Usq i
Il'l %

thy

EXPANSION OF COMMUMQ
. It will be necessary to COns'A oy
jon of the comrguglcation Capacityld:r-‘ha
ication items and communicati
ﬁ‘c‘,:r;;n;::a one method to meel this i;?o"&q“enc;
the transmission rate. However, 10 achieye i c,‘

ary to develop faster COmmuS-‘""\ffﬁ

avoid increasing the cost of lhmcaﬁ"n
thod is to reduce the ame Eg |
<ion data for each btock by dividing ?um of
For this ¢85¢. it will be necessary to feduhe bug
the gateway by dividing the bys atcso.'he

i

purden 07 mount of transmission d
n i
where the 8 oun ata s Smaj.

IMPROVEMENT OF FAILSAFE - ¢,
atrol system network handles qp Mently
{hat do not affect control even if commumcat)ifosugna{s
to fail. As the _number of systems i“CFeasen We
signal communication range s enlargeq 5, (!m
improving the redundancy of the commyp Whilg
lines. Additionally, depending on the { Catiop
vehicle, the wiré hamesses may need to {}De of
through an area where it may be exposed tg a:'
noise level. To solve this, it may be necess igher
use wire hamesses which have a higher ay o
resistance.  As @ result, various physical ianms.e
including a faster transmission rate, will be n eedzzfis.
n

the future.
CONNECTION TO OTHER LAN - |
&

near future, several types of LAN wij
implemented in vehicles. Examples are ShO\I::

below:

T
: }%o%e rrfobs% 'Iow speed, flexible body coniy
. High speed, large capacit i i
e ey
e or use with service

Since each LAN has differen

: / t features a

g:fh vghfcle has different equipment, we do‘:‘jl

LA;:!W? itis @ good idea to integrated all in-vehicle

e blsmninéc; Lz:sjf,mgle LAN. The in-vehicle network wil
ng several LAN

il ke bt s that take advantage of

the body €O

we have developed a new protocol that is
appucable for large scale network systems, that can
a impmmen!ed by the software program of

eneral single chip mlcrpprocessor. S0 engineers arg
free to select conjmgnicalion devices according to
their speciftc applications. We also developed the
nysical layer for a high data transmission rate and
jow radiation noise. Case studies using the 1.5400
WEre conducted and excellent results concerning the
pus utilization and data delay time were obtained
Additiona"% the effect of wire harness reduction wag
calculated, and we found that approximately 15% of
the wire hamess could be reduced. As the bod
control system continues to change and evolve ;
while there is increasing pressure to reduce cost 1he;
lect an optimal system that can meél all

ability t0 S€ :
our design needs will be a vital issue to be tackled in

the future.
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ABSTRACT

in applying a LAN to automotive electronics systems, an
optimal protoco! has beeq adopted for each system so
far, such as body electronics syste_m, entertainment sys-
tem, service system and power ltrain system. As low cost
communication protocol "BEAN" (Body Electronics Area
Network; SAE paper 970297} adopted to wider range of
functions on vehicle, ECU's numbers are increased
which have BEAN communication and that is branched to
plural communication networks. We have succeeded in
rationalization of those network systems with the gateway
function on a delegated ECU for each LAN system on
vehicle. And this system also realized the connection to
atter market products by data exchange through the
gateway function, while securing vehicle fail-safe.

INTRODUCTION

in applying a LAN to automotive electronics systems,
these have been developed independently in severai
technical fields. We have introduced total control net-
work, which is J1850 type of protocol since 1991. Since
then, we are now deveioping the standard communica-
tion protocol that is suitable for high speed and periodi-
cally timing communication. That aims to simplify the
optional connection and harmonized control in between
power train system and chassis control system and so
on. For entertainment system, its communication tech-
nology has been developed in order to be common con-
nection method with the combination by components
such as audio and navigation, communication and also
after market product connection since 1994. For service
system, its development has originally started with the
!egal requirement on diagnostics. Then it has been
improved since 1994 in order to become common con-
nection to tester tools and enhance diagnostic contents.

For body control system, single way communication to
the driver's door ECU trom body ECU has been adopted
Since 1992 in order to reduce wire harness 1o the door
and function enhancement by information sharing

between ECUs. After that plural ECUs have adopted vl
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bitateral communication in 1994. BEAN has been devei-
oped and launched in 1997, BEAN is communication pro-
tocol that is low cost, low quiescent drain to drive and

Secure response characteristics for less frequent data
transmission,

By the expansion of BEAN application to automotive
electronics systems, ECU's numbers are increased which
are connect to BEAN communication lines that is
branched to plural communication networks. It is aiso
requ}red for after market products to connect to that com-
munication network.

RATIONALITY OF VEHICLE LAN MOUNTED
GATEWAY FUNCTION

GATEWAY BETWEEN ENTERTAINMENT LAN AND
BODY CONTROL SYSTEM LAN - it's difficult to com-
bine entertainment LAN had registration function for add-
ing dealer-installed options to body control system LAN
was required hi-response and had different operating
power supply. The foilowing to the vehicle control func-
tions are connected with these two LANS. '

» Operation of air-conditioner on multi-display
* Interactive control of navigation system and engine

* Integration of body contro! switches and audic comrol
swilches

To mount the gateway function on representative ECU
that communicated between each LANs enabies to
reduce communication circuit parts and 10 decrease
communication software load.
i ey Body Comtrol

MultrDupls Seouem LAN
Navigatwe {BEAN)

%”%] t _ :
el £ i rrasnsmoe

Elh.mul;.u:ﬁ Cheraie Congal ) i {_m\d
= Sigrais k Sigrut

Figure 1. An Example of Construction between
Entertainment LAN and Boady Control System
LAN -




GATEWAY BETWEEN SERVICE LAN AND BODY

- CONTROL SYSTEM LAN ~ To enhance serviceability, it
function. Caonven-

whigh a diagnostic tool

is essential to improve the diagnostic

tionally, there are many cases in
cannot be used for diagnosing body control ECUs,

bacause of a refatively small system size and cost res‘t(ic_-
tions. The malter is as good as after introduction of in-
vehicia LAN, Since it's difficuit to combine body control
systom LAN was required hi-response 1o service LAN
was required standard, it's necessary forlcor_mechng_a
diagnostic tooi to mount communication circuit .and wir-
ing. In this case, diagnostic tool is connected with many
LANs. By mounting gateway function on representativg
ECU can be connected diagnostic too! enables communi-
cation of diagnostic frame format between the.bod-y con-
trol system LAN and diagnostic tool, resulting in the
following advantages:
« Only ona EGU has to be connected to the diagnost{c
tool. It is not necessary, therefore, to install addi-
tional hardware for diagnosis result outputs for muiti-
ple ECUs. _
» Service LAN communication software is not required

2 : Body Comtrol
P Sysiem LAN
(BEAX)
Of|cateway
Service LAN Serviee LAY ungnasticp
A0 9D 1509141y e Jlect -
Communication

Figure 2. An Example of Construction between Service
LAN and Body Control System LAN

GATEWAY BETWEEN BODY CONTROL SYSTEM LAN
AND DEALER-INSTALLED OPTION LAN - Connection
of dealer-instalied options is indispensable to satisfy the
drversitying needs of automobile users. For wiring to
each optional ECU, it is necessary to connect joints to
the cables of existing switches and actuators. If an in-
vghicie LAN is introduced, # is possible to obtain various
signals through the LAN.  In connection of dealer-
installed options, adverse influsnce of defective wiring of

the wehicle 1s considered. it can be avoided by connect- - .-

hjg gateway function ECU isolated each bus electrically.
.DE&GN OF GATEWAY FUNCTIONS

Each of the above-meniioned three gateway funclions

SPECIFICATION  OF  GATEWAY . BETWEEN

ENTERTAINMENT (AN AND B¢ ¥
SYSTEMLAN WOV GomAOL
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 Emterziament LAN Frame fomwi(FE-BUS) -

_ Figure 4. An Example of Frame Conversion

" both

LAN. The following points should be taken into °°’:’5idg,-.' :
‘gtion in selecting such an ECL:
» Aflowance for gateway processing software Inag
. Reduced traffic in pach communication line
mentioned application example, data g G on: :

display. We have therefore deciggy i -
tunction in the display. An examen

in the above-
gentrated in the

© mount the gateway FUIX Al
~ construction is shown beiow.

{including gateway function)

' fﬁfavig'ation |
ECU

Figure 3. An Example of Construction between BEAN B
and Entertainment LAN ' g -

Protocol conversion — An example fram_e conversien s

presented below. _

The entertainment LAN uses E-BUS protocol. Since the
IE-BUS can handie longer data blocks than BEAN, the

BEAN frame format is inserted in the data block of the (E- =

BUS frame format as shown in Figure 4, to enable the =
gateway ECU to process all data regardiess of content.
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This type of

both LANs access data using the CSMA/CD system,

miﬁd to handle a refatively smali amount of gateway

Climate Engine T
-Control ' Controi ECcU | ]

Body Control System LAN(E;E:Ny

Entertainment LAN(IE-BUS) B

=i

gateway function has been achieved simply:-' _:-

provide close communication speeds, and both are '

A

TION OF GATEWAY BETWEEN ep;
SPECIS::?SODY CONTROL SYSTEM LAN - T?\iRWC'E
cripes the method ot transmitting data from

conversion as. & relay, and -

< do
o stic tool to & gateway ECU connected 1o the bod: "WPOHan i data according 1o the content whichis
dlﬁ:ol system LAN. | 1809141 O ot ensuring future expandabifty, .
¢0 ' U4 protocol ' : :
. _ the m USes a master and siave. with a
;0NNe AAgnNostic 100l —~ Figute 5 ghg Fhae 10T, Whereas BEAN i _atooi_as_ :
X | construction in which a diagnostic tag) i e | These O protocots difor uses the CSMA/CD system. s ok
angxam% the bOdy cantrot ECU. - Con- . 180 9144 Specifieg the '_n basic c?\aracter!stics. The
goted Vi e EEU) Tesponds to g requgitnt?o?r: :.:h 'ch a slave {target
: ¢ BEAN, on the o g @ master (tool). For

COmmunication gelg

hand, it is difficult 10 specify an exaet -
y time, since it uses the CSMA/CD -

. ' B Ss dala. To the request that an 1SO §141-
 Other | res:gn:?;ir_ transmits to a slave, the siave is required o
ECu Figure 5, 1 " 50 ms. With the construction stown in
ol Jvee ~ cannot re . hare is a possibility that the stave
ECU Noy | rest;uire:;et‘!;;p %gf;:':‘" the specified time, due to e time
: ( nsmigsior body control ECL
B 100 targot ECU, and from the treet Kot o i by
i _ Em_!\‘_o.l- ; : . Gﬁnlrol ECU. e X . g . U!O the m )
Figure 5- An_ExampIe of Construction between BE_AN_ o ) Busutdization agw 0
and IS0 9141 : P - Messagepriosity : Highest =~ .
| T el Messagelength  Max(i} byms data)
gasic operations are as follows: Ay e X 6?§= ot a Wy bmda!a}
1, Request frame for a target ECU is transmitted from - gy 40 A - TS N
" ihe diagnostic tool to the body controt ECU, e H o Detay Time WP TR
5. The body control ECU converts ISO 9141 frame for- o B K !‘“‘!‘""_“3‘ " T
‘mat to BEAN frame format. | gwE T wa o TR £ O ST
3 The target ECU transmits data in response to the 53 ” : : o
request from the diagnostic tool. | _ B AL Nl 0?3 77715 20 35 30 35 ; S ‘
4, The body control ECU converts BEAN frame format -~ Figure 7. Messace Laten T
to ISO 9141 frame format. _ PR T P
5. The diagnostic tool receives the response sentbythe ~ - e o
target ECU via the body control ECU. . %ﬁ:’ i qum
An example conversion between SO 9141 and BEAN - mof
frame formats is shown below. _ T S
Pody Contral System LAN Frame format (BEAN) E s&

3| i [MessagelDestna-{Message]  Daa -~ ferc [eomiees Teoff .
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Figure 8. An Example of Frame Conversion

IS0 8141 frame format comprises 11 bytes: 3bytes of-
header and a maximum of 8 bytes of data. Since the.
BEAN data fength is variable to a maximum of 11 bytes,
e entire ISO 9141 frame format can be included as data
n the BEAN frame format. Except at initialization, the
CUservingas a gateway betwaen ISO 9141 and BEAN 43 -
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- The serie 00l has the

function of receiving negative response. Negative

' response provides th )
me-oul value in cases where a response

 yransmitted within the specified time.

e specification for extending the

A sxample of an operation sequence IMVORING & Nega-
An axampie shown below with reterence 10 Figurs 5.

tive 1eSponse I8
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1. Initiglization of service bus LA Climate _ g:f::' ggl;r b e ﬁ:‘sp heavy traffic, frames to be transmirt‘tzg_ﬂach ~ EFFECT OF _

i uest to target EGU " - | Control . N has bus buffer. A communicati may LAN F GATEWAY BETWEEN ENTERTAINMENT
. Gonnection ™4 = control ECU (o target ECU) - ' BEAN(Vehicle LAy | . .1 romalf py i 'u:vent the remainTun;catIOH data butfer of AND BODY CONTROL SYSTEM LAN - The  ulifity

3. Response fom DOV O © ey 25 e 0] TE ppnecesetly g ng frames frombeing g qiorn Lo StWeen entertainment LAN and body control

4, Cmrﬂﬁnmﬁm.m"ﬁs‘ - \ECU Body Control System LAN@EAN}T._?' o1 st . - applying 1':' but in Figure 13 shows only one example of

&. Gateway operation by body contro L ® j p lpgaleviay fciiog 1 < B axample, in multa_-dlsway. is expgc_tgd expanding, for _
6. Negative rasponse from body control ECU | (inchudin fony 2% in data transmission from the b“_’e'ﬂ*galion engine ;mdefaf-‘hve_ control of navigation system and

7. Response from farget ECU _ ' _ o s rOV‘t’:::dLAN t.o the dealer-instalied option Mmmm‘ ~ Clusterto nav;zzgn ?v:‘:-data. "°'Y‘ instrument-panal-

8. Gateway operation by body contro! ECU Dealer-instalied Option LﬁN(’BEAﬁ] ;1; of frames remaining in the bus buffer bet'mmea t:'; 5 m and audio confrol. :
e ot fam e el ECU 1 Sy =l D estwhen & con;‘blnati;nt of successive long and short BE’;?,CT OF GATEWAY BETWEEN SERVICE LAN AND
contr inues to send a negative responss 5 ' o o « | qamesocours as SNOWR elow. - CONTROL SYSTEM LAN - Figure 14 shows the
the s’.’iﬁ”ﬁ anabling the tool o wait for a (sporse erinstatied | . e | i fe8ult of a number of ECU can be diagnosed, in which -
from the targe! ECU. Time-out process has been ?dded tion ECU - ‘ el R poyonel [ e il ,J ST # mﬁ? afer introduction of gateway between service
10 each step of the procedure. 10 prevant locking in the ' ] gAY | e AP LN [T ] _ body control system LAN with before. o
case of failure of any equipment. - Figure 10. An Example of Construction between Vehiglg, < FEAY) o . B . _

' ’ - and Daaler-installed Option LAN e l l . »
5 b s : L ' ] 3 2o
Shm— ECJ EBEN G - BEAN has been adopted as the communication protogy - T oo T Ls - 5
: _ " for the dealer-installed option LAN, as well as for fpy e s oo™ - L. B L. -
' body control system LAN. Basic gateway operation jg = : o | 5 : _
foliows. m N TN T % Menage | : . - § 150 | ten- _ .
Gateway from the body control system LAN to the dem"-f M - wom e — | " e _ applicable | |
o . installed option LAN : e 1 memas e . - . 0
| Reguest_5f ' : & Y : 10 i
o e 1. Dealer-installed option bus buffer receives the BEAN - 4 Data Flow in Bus-Buffer _ a ect) |
' : LR 5 * frame format from the body control system LAN, Figure 12 | &
: e . T = : _ o S 1 3 .
oo Repor i . 2 ARrerchanging the destination 1D of the BEAN frame |  Based on this finding, it has been determined that any TN A::&hcazle _
- , ' format, the bus buffer transmits the format to the galer-installed option requires six stages of bus buffe 2 TH ' e
e : o dealer-installed option LAN. _' e . L | e i =
epse gﬂl 3 T ' - mo 98model
Response _ : Gateway from the dealer-installed option LAN fo the body - EPFECT OF GATEWAY - Fig o '
| g Respomse s & S control system LAN ddh .. FHgure14.Number of ECUs Communicaling with
o 2 _ _ | VEHICLE SYSTEM CONFIGURATION - Figure 13 Diagnostic Tools = 5
1. Dealer-installed option bus bqffer receives the BEAN | shows an example application of the above-mentioned ; _ :
frame format from the dealer-installed option LAN, |  gateway functions to an actual vehicle. WS By the introduction of the gateway between ISO 9141- -
N . ; i - 2. The BEAN frame format undergoes a security check. ?gsg%:f Ns and the body controt system LAN(BEAN],
. Figure 9. Operation Sequence PR e 3. The frame is reorganized. | £ £ s con e indeeelly conbciad & e heghoatic’
» - B g o _ 4. The re ; 4 i . : + R Busssns / Rewr i ~ tool. As aresutt, the number of ECUs can be diagnosed
“the g o : T v | organized frame is transmitted to the body - T Body ECU , has increased by 8. ' '
mwﬁmﬂ@ﬁm tools has been real- control system LAN. i (. : - Bk : : :
i . _ } k! airBag) Foorvice LA —| Dealer-iustalted y implementing the relay function between 1SO 9141~
; o _ ‘Figure 11 shows an example framse conversion. : ) FrPe Pl Gprion LAN o based LANs and the body control system LAN (BEAN),
: !;S:'SETC!FICATDN OF GATEWAY BETWEEN DEALER- = . ‘ T Engis Coatrol Multi-Dusplay| EBtertainment | the following functionat enhancement has been achievad
SYSTEM wmm {AN AND BODY CONTROL Mody Cosmiol S smcrw LAN Braice Kocums (AN ' Climate Coatrol LAN easily. ' _ :
' ' o H m.ahﬂ,jm Messagd " a - Power Seat Contral iy
: Methoo CI— ‘ . ! g wcirylicageh  ftion D m {CRC qu j = Sweering Potition Controt ] Aangegale 8 i forma !._" on-board - ay m
ama' u. of dealer-installed options ~ . - : —— " I g Combiration Meter Sliding Roof Conarol _ the diagnosis connector installed in a completely assam-
 installed options 10 the mv;rhvemﬂa:d of connecting dealer- " - | [me Body Control Svstem LAN(BEAN) bled vehicle, it is possible to set each ECU connected
PR i it LAN. Figure 10 shows - : “ 1 s No.2 . with the LAN memorizing shipment information, from the
L AN Eoinedor it tha g the dealer-installed option B B : - ; o~ Driver Rear Left ' facility in the vehicle assembly iine. This feature is useful
gateway function. We call Lo;ng;oié&w&;m viathe = o4 Qpion LAN Prame Giomes (GEARY 525 Dot oY Door BV to minimize parts numbers of ECUs. .
gateway function for : U that mounted qmu-j?_. TR G g = S I | . ) —— -
| ay func dealer- i sbagh e lio eomfre [l - Figure 13, An Example of e According to this shipment information ECUs connectad
D butler. :__"'”"'l'g_ lerinstalled options |7 > oo ]m —-l | ple of System Configuration 1o the LAN can behave properly in accordance with dest-
| . . Figue 11.An Example of Fram s - S:‘Wav function between entertainment LAN and body nations # has shipped. '
: e Conversion _ ! wa’)‘:’ft'ns!:?i&? LAN is mounted multi-display ECU. Gate-
" The gate _ : ction between service LAN and body control sys- requests (Customize function)
. the dgeat ay between the body control system LANand | '8m LAN js mounted body-ECU-No.1 Gat:wa tuncg:n : : : ‘
aler-installed option LAN is d hatlt | belweg : ) . y nected to a diagnosis connector linked to ISO 9141-
184 is designed such thal _ n dealer-installed option LAN and body control A O d
i ' sl based LANS, if ECUs are set memorizing custornized

deal with relatively high traffic volume, providing for ¢ System LAN is mounted bus butfer 188  |nformation in rdance with customers’ ts. As
; ' nformation in accordance with © requests. As a
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the LAN it gateway tunctions &re mounted.

EFFECT OF
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Figure 15. Gateway Data Volume

There are 319 kinds of data in body control system LAN.
Gateway data are 45 kind of entertainment LAN daia and
54 kind of dealer-instatied option LAN data.

FUTURE TASKS

1. it is anticipated that gateway function handiing ECUs
number will be increased with LAN application
expansion. And the processing load of ECU for com-
munication becomes higher according to the incre-
sed ognmunimtion data. It is predictable that an

- exclusive gateway function ECU could be required to
develop to apply for valian! vehicles as i is possible

3 to save software and hargware development cost on
the conventional ECU to addttionally add on. Thus
musm ECU could be achieved both high reliability

Cosi reduction by the drastic IC customization,

2 :Wugh :ehscie manutactuters adopted their own
ltepmh" ‘or LAN, these are slandardizing step by
o ' recommended to improve the automotive

; S System architecture by degres '

Wity function adoption 1o avoid the prod

_J
N ( Entertainmest LAN J [Du}er-inst:ﬂgﬁpﬁﬂn[-lﬂ

with gate.
ocol modifica-

ound volume of the
optional func*

ECUs connected 0

. instalted
en dealer-ins
S om LAN, we could

stem L
work for instafiation

The following diagram
among entertainment LAN, dealer-
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tion in short term with enormous dav%p E

expenditure.
it will be necessary to protect vehicla ing,

3. leakage and improve fail-safe capability qq
e e connection, i.e. ITS bus, ang enh o

_ ment of communication information. We wiy
ateway _ _
gjnctlon and security function. :

CONCLUSION

i t exchange data among thyeq ;
teway functions tha g three
Gidemy LAN which are body control, entertainmgn,
trol and diagnostics system has been developeg Thi‘
function makes easier for ECUs to adopt LAN comm., ¥

: ! mm
o with saving cost increase to avoid each g e

Catio CU c{m‘ .

nects 10 plural communication bus, while ECy
are increased which are connect 10 different LAN Systan
The method for data communication on body contrg "
10 outside through gateway function has also been 4
oped. This method has brought after market Products .
reduce instaliation workload at dealer with ma;

£ ; Ntaining
the same fail-safe capability as before installation

These gateway function has realizgd whole vehigla n.e[.- :
work system which effectively applies the each network

merit and adopt own strategy for each system.
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ABSTRACT

This paper describes the architecture and the
implementalion of a software for the communicatio
petween networked in-vehicle ECUs. -

The communication software is based upon a real-

ime multitasking operating system. The operating -

system and the communication software form an
iication-independent platform for the implemen-
ation of distributed ECU software.

The software architecture consists of several
communication layers and a stalion management
module. The communication layers provide network
driver, data transfer services and an application
interface that is independent of the used network
protocol. The station management module is
responsible for configuration and initialization of the
communication controller, error detection during
operation and error handling.

The modula r structure of the architecture suppons
the simple adaptation of the software to different bus
systems and communication controllers. The
network-independent application interface frees the
programmer fram knowing the details of the used
communication network and supports the reuse of

application software in dififferent projects. The

software is part of the diesel engine management in

‘production cars. .

The paper presents the architecture of the
communication software, the operating system, the
services of the different communication layers, the
?“a'i"" management module and the results from the
implementation of the communication software.
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cation

~Hane-Jérg Mathony and Stefan Poledns

1. introduction .
Serial data buses are increasingly being used for the
networking of in-vehicle electronic control units.
Protocols such as the Controller Area Network
(CAN) and the Vehicle Area Network {VAN) have -
new been standardized and are supported by
several semiconductor manufacturers. A wide varnety

of components is available today to implement the
CAN protocol in hardware. Software support for
networked ECUs, however, is still in i#s infancy.
Harmonization of software interfaces and definition
of additionai communication functions (petwork
management for example) has been done in the
frame of the OSEK project {Open Systems and
Interfaces for Electronics in Cars) [1]. Specifications
of services and interfaces for reat-time executives,
communication and network management are now
available [2] and will be used in vanous pilot projects.

This paper describes the results of a project which.
aimed to create reusable communication software.
The work was based on the architecture model .
described in [3]. The software developed represents
a concrete implementation of the archhecture -
proposed in [3] and conforms with the OSEK
specification.

2.  Requirements and design goals.

The aim of the project was the  deveiopment of real-
time communication software for data exchange -
between the components of distributed ECUs. The
software platform used in these ECUs © 3
muftitasking operating system. The operaling system
represents a programming and runtime environment.

" on the basis of which the application sohware is

implemented in the tormoi a modular-stiuctured set
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