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Abstract: 1t is required to cooperatively control automotive embedded software across a number of ECUs
(Electronic Control Units) connected through networks. However, the complexity of interactions among
ECUs makes it difficult to design the cooperative control. This article proposes a design methodology of
architecture for automotive cooperative software based on the behavioral properties. We define the property
as the attributes and states of the vehicles, surrounding environment and users. We propose the extended
DSM (Design Structure Matrix) and associated models for modeling automotive behavior involving NFRs
(Non-Functional Requirements). By designing the architecture based on the set of models, we can design the
cooperative control across the distributed automotive software systems for meeting the NFRs. We apply the
proposed methodology to the VDM (Vehicle Dynamics Management system) and evaluate the effectiveness
of it.
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Fig. 1 Property model of cooperative control software for

automotive.
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Fig. 2 Classification of behavioral properties.
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Fig. 3 Metamodel of behavioral properties.

TNETaNRT A FEFECETVTETMET S, ZOT 1

ISTFAETILVDOATETNVEE 3 IIRT.

(1) 7T EEET N . TunT 1 L ZOMOREER
ARG & R R L5 % .

(2) 7ENT A IRIECETIV | FHNT 4 12D X HBE
ERO 7O =N RiREVEET VLT S, I
ROPFECEFTR EMBFEABRET AN 2 5.

1) REEVEERIER . 7u T e — A, - AL
JERE TR O E 2 T T ML T 5. IRV RETER
F—EANE TONTF 4 ~NDOEELFTF -2 T
08T A RIEVEREFER (S2P) & 70 8T 4 o -
ANDEERFT T 0T 4 —EAHEEE (P29)
W23l ohns,

2) MARIMRET IV L TuoT 1 WE T a7 1 LIERE
RE 2R [ D3R HE  DARLFBIAR & Bk DSM CT& 7 VAL
T5.

4.3.1 TAONRTAIEBEETIL

Tuns 4l TuT 4 LIERRREER L OREY T
INT 4 DINZHD EREEILL, 77 AKTRT. LrH%
T F AT =Y OROENEMGILL T, TERT 4D
S 2 T 2 2 0DE TV TH A, B 4 IRTHIT
X, BARMZALEREICIE DS SR L2 7 a8 T 1 2 gL
L, 5HBHNTORRERT.

4.3.2 Hi5E DSM IC & 2 KEFRIRET L

fitsk, DSM 4] I3ZEFR &7, HIZ & ) ERM OMRAERLR
ERT7ZOICHLEN TV,

AEGTIIERD DSM Z ik L C 7187 1 B OARTE R
FRIZINA, JERRRETSR & 70T 1 R OAERIFR % F3H T
BEZe ik DSM 22 %5 % (K 5).

PR DSM i, 7'u3T 4 BOEE L b TTu/T 1
IR TR OB LRI T 5. Thbb, B AE
IO T UINT 4 ~NOFBIMNZ T HI3T 1 %4 L 72 IERfE
TRNOHBELRET D, I, T—ECADFETIZLE T
T8 4 OZALIIM O 7T 87 4 12 DR L, (EI% oS
%l L CIERRE B RN ET 2 HICEH T 5. 2o 7ux
T A ORI & IR B RN OB LRI T 5 ET IV
Thsb.

) AYyTH

L
BRFREA—ILIIIHER

h
BiRZOY L/ VTR

e TR 1.
o i3 =
| i ! LA
! I
hot- 2 - |
m
[N i I
0y e
T o i
| [
[ | It
H iR il
I o
==z === RrzzzooqezoAT AN ~ \L

= i
FRAEA— LS ERN

:L, FL : Front-Left

N a
i FR : Front-Right

4 TunTAREEETIV (o)

Fig. 4 An example of property structure model (excerption).
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Fig. 5 Property dependency model by extended DSM.
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Table 1 A property dependency model by extended DSM for a hybrid car.
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Fig. 6 A property behavior model for a hybrid car.
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Table 3 Classification of interactions between properties and services.
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Table 4 Driving properties of VDIM.
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Table 5 Services-to-properties behavioral model for VDIM.

) —E XS DTEMERER | X n—FurLsiL

(Y —ExnE—TORTTRE

=rAva¢

2 2 2 2 2 & MPPIPIR (8
RI2R|TR[2 R aR QARIT E |0 | HE " #®| A% &
e e e e e e e e R R R R M E S A B E
Loy n|ER|yr[En|vr[En|y|an|EN|F| 2 2212|855 sIhLl=IE Ll <249l |® | =
SXIEITIEI[ESIERIERIEYE IN Clulx|e|a|alal 2|kx[X]|S LIS g
TAlEAEAEAZARAEAEA KT 2|5 |6k o me || 3| £[ 3] €| x INERIN G LN =
. ENERER AR ER R R RS R A R EHE PN S A R B N H R RS
HpR E“\“"'\un"\“'"\rm"\m"\?ﬁ"\m"\m\ \munnnnnuu!e!s!‘.k!‘.*g«ﬁhﬁﬂ.‘;\-wlymﬁi}ﬂ&ﬁ{r&Aélﬂﬂ
mjmjm| o E|ED [ o]%|E S SH|D KD
ILUUHIE XX XA XX | XX XX
JL— 4l XX XX XX XX O XX | XX [ [ XX [ XX | XX [ XX
ABS XX XX XX XX XX XX XX | XX
JL—%
7oAk x X x x xq X
FEIL—F
LRk X X X X xq o
TCS XX XX XX XX XX XX | XX | XX XX
ESC XX XX XX XX XX XX | XX XX
i-Four XX XX XX XX | X[ xx XX
AVS XX XX XX XX XX XX XX] XX XX | XX XX XX | XX
7\;7‘)‘/’7 XX X X I - > xx
ELRE—
ety XX XX XX XX XX
Ea?)
XX XX XX XX XX
|EfEH
FHOF1I—4
[ XX XX XX XX XX
— :ABSOD1—RH7—R/SR ABS$ TCS
:TCSDA—RIT—RIRR Y k J
+ HEHEAOEIL]
= NIVIRE
= myry | BEAY
e
A} I 7N LT B
CRI—)Y FRAA—| =
NN EN SYFH
\ y XS v
e/, | SR
< 7 < < >

11 7u37 412495 ABS, TCS, 7L—FT7 YA MEOH—E X

PEOTRIEOTRR

Fig. 11 Search for service interactions to properties of the ABS, TCS and brake assist.
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Table 6 Properties-to-services behavioral model for VDIM.
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