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Development of Data Communication Method In-Vehicle Network for Automated Driving

MITSUHIRO KITANI™® MIKIO KATAOKA™ HIDETOSHI TERAOKA'

Abstract: In recent years, the data traffic of in-vehicle network is increasing. In order to solve the problem, the introduction of
automotive Ethernet has been studied. In the network architecture with Central Gateway(CGW) for interconnecting Ethernet and
existing CAN based network, the challenges related to communication for automated driving are studied. Based on the studied
challenges, the data communication path control method and the time synchronization method of a plurality of sensor data are
proposed across between CAN and Ethernet network. CGW prototype which is implemented these methods are developed. These

methods are evaluated the operation and effectiveness to verify the application of the automated driving system.
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(Ethernet Network)
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Figure 6 Processing Sequence of Time Synchronization Scheme
(CAN Network)
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Figure 7 Overview of the Evaluation System
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Figure 8 The Comparison Result of the Memory Size(Ethernet-CAN Conversion Table)
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Figure 9 The Comparison Result of the Search Time(Ethernet-CAN Conversion Table)
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Table 7  Evaluation Result for the Time Synchronization Error of Sensor Data

X5y I [A] B3 AU LA i FE i 2= [usec]
(i) X2y NT—7 VAT A 510~1200
Ethernet X v U — 27 N 20~450
| OBT /3% v MaRLERAE 20~150
CAN v hU—7J7 N 490~750
@CAN ECU PNALFEELE 240~500*
BCAN A v & — IR 250
(i) 7 a7 kA 0~300%*

CAN N Multicast o
D gl T2 | sl x | EESEECU
vy T FTY =
0x101 o P 224.0.0.1 AD, MPU
0x201 ) H3f 224.0.0.2 ig, Zg ﬁﬁg
0x202 | fH#k KEf 224.0.0.3 Vie;v’ v

# 6 Multicast 7 K L Ak Et (57— & B fE)
Table 6 Multicast Address Design(Each Data Type)

CAN e Multicast e
I — =
D ol F—H Rl % #{E5E ECU
224.0.0.1 AD, MPU
0101 | L ’
0x201 Hi:ﬁﬁ%u«mﬂ sﬁ;ﬁ 924.0.0.2 AD, SC, MPU,
0x202 | 1H#H ] View, IVI

B)yr Y7 — 2 OFE R T
EFRIC L DBV T7 — & O R R O R
RER 7TIZAT.BT X7y ORHEM % 1[sec]icT 5 2

2016 Information Processing Society of Japan

*EHD CAN X v FT—2 Xy FFx L THE
**] FOEGEH 7= 0 O BEE

6. BHYIZ

AHFFETIL, Ethernet [Z#H2E S AL 4D ECU &, #HH#
D CANNRANERE SNTZCGW LR y VT~ T —F%F 7
F ¥ DHEH L AT KB NT, HEEIEREZERT L7200
Xy NU—IHEToT-. i LRy MU —ZHERKIC
BT L 725D, CAN & Ethernet W& 5~ 725 — % i@lE
ORRBEHIE TR, KOE 35— O R 54 Bt
L7z, 2o FREMBAATS CGW RIEMHE BT L,
FROMEROEIEZ R L, HENEERS 2T H~iE
TELHRBLERE.

Lth1E, RETOREVAT LML, EEOHB)E
FREEBRBEIC 1 AR EH G-l 217> T <

PR PG

1) M Kirsten, and T.Konigseder. Automotive Ethernet. Cambridge
University Press, 2014.

2)B.Triess, “Cost Efficient Implementation of High Performance
Automotive Networks”, Nikkei Electronics Symposium, In-Vehicle
Ethernet to Shape the Future of Automobile, (2013)
3)http://www.sei-automotive.jp/event/hito2014nagoya/pdf/2014n-13.pdf
(2015/12/17 Z: 1)

4) A Kern, D.Reinhard, T.Streichert, and J.Teich, "Gateway Strategies
for Embedding of Automotive CAN-Frames into Ethernet-Packets and
Vice Versa", in Architecture of Computing Systems - ARCS2011,
vol.6566 of Lecture Notes in Computer Science, pp.259-270, (2011)

5) BAHEM T EH R » b U — 2 IC81) D CAN-Ethernet 7’1 h =/
BT Y A4, fERILELEE Vol.2013-SLDM-160 No.7,
(2013)

6) OMNeT++, website: http://www.omnetpp.org(2015/12/17 Z:R)

7) A.A. Nacer, K.J.Runser, J.L. Scharbarg, and C. Fraboul, "Strategies
for the Interconnection of CAN buses through an Ethernet Switch",
Industrial Embedded Systems(SIES), 2013 8th IEEE International
Symposium, pp.77-80, (2013)

8) Raksincharoensak Pongsathorn fifi [HIRT X T & I VL —&|Z
K DBATHERMN LW ER S AT LD, BEIHEEINS A
HLE A2 30 SCEE 40(6), pp.1587-1592, (2009)

9) IEEE802.1AS, Timing and Synchronization



TR 2T IR E
IPSJ SIG Technical Report

10) OPEN ALLIANCE, website: http://www.opensig.org/(2015/12/17
ZR)

11) AUTOSAR, website: http://www.autosar.org/(2015/12/17 Zx &)
12) R.Steffen, “Design and Realization of an IP-based In-car Network
Architecture”

1 CAN /E, Bosch #o B EkFIIE T

2 Ethernet 1¥, L€ r Y s 2R EttosawmE o

3 BroadR-Reach |%, Broadcom Corporation X &kFE T .

4 AUTOSAR (%, AUTOSAR GbR ¥ §ikpsits & 7= 1A <9

2016 Information Processing Society of Japan

Vo0l.2016-GN-97 No.21
Vol.2016-CDS-15 No.21
Vol.2016-DCC-12 No.21

2016/1/21



