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Design of the Automotive Gateway Based on a Mapping Table
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ABSTRACT

The recent automobiles, a number of ECU inside the vehicle has been used. Also, each ECU is connected
to different types of networks in accordance with the characteristics. Therefore, efficient data exchange between
discrete network has emerged as a very important element. The gateway is responsible for the ability to
exchange data between discrete network. In this study, we propose the new gateway algorithm to provide the
structure of the mapping table to improve the efficiency of data exchange between discrete network. Also it
provides a structure of a new gateway algorithm with a function of adjusting the priority of the data to be
transmitted to another network arbitrarily. Moreover, the proposed gateway structure may simultaneously convert
the transmission data input from a particular network to multiple networks. Another advantage is easy to change

the entire data structure only if we change the table structure in the gateway.
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Fig. 8. Gateway hardware architecture

Interrupt name Priority Source Processing
FlexRay 1 Rx interrupt Low FlexRay 1 controller | Invoke FR1_Rx task
FlexRay 2 Rx interrupt Low FlexRay 2 controller Invoke FR2_Rx task
HS CAN Rx interrupt Low HS CAN controller Invoke HSCAN_Rx task
LS CAN Rx interrupt Low LS CAN controller Invoke LSCAN_Rx task
HS CAN Tx interrupt Mid HS CAN controller Invoke HSCAN_Tx task
LS CAN Tx interrupt Mid LS CAN controller Invoke LSCAN_Tx task
FlexRay 1 PDU assemble High System Timer-1 Invoke FR1_Tx task
FlexRay 2 PDU assemble High System Timer-2 Invoke FR2_Tx task

a2l 9. JHHE 1A
Fig. 9. Interrupt configuration
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Fig. 10. Software architecture

o] AAsle] A=Al Fozn] eolEe] W7
F23 Agol= A WAe] 7Fsdt F2E 2tk
£ SRAM2| ¢d%jo] S5 1 w739l
ROMel #|# HolEEx NES 2] AY
35 4 SRAMOE EAlslo] SRAMeIA Extai]
oz Hr} Py AelEes d& S lrk

—{o

34 2ZESof =

a9 102 2 =ellA] Aljbehe darelEs 918
TAEE AT EJY taskE, Hlo|E9] &E Y task®]
3% 55 A= vlgol) Alo|ESe]e] Az EL e
= % 09 3=H3HS- task(rer_Rx), EFY E|A
714ke] FlexRay &3$- task 270(FRx_Tx) L8] ©]
WlE Ez]7 7] CAN EH4  task 271
(xSCAN_Tx) = 73=°] )t

3.4.1 3 X218 2ZESof 7=

4789] Rx task= 3l ¥l HAEZH oA Adsk=
dlole] Al QlE[fEe] 2s) Eejxlct o] taske
2472t 4146014 AlotE = 1HE v Elo] &S o]
sto] slHd dlelels 24 Alss= WY
FlexRay-$ &% A& 52 Ei]O]%oﬂ/H 2|A }—'C— Ex
RAM $#|e] dle]el 5 AR5t CANS &4 415
= HolEellA AA sz Aol o] ohdA
$45=¢] E2WH(SCAN_Tx_Buf)ell =& Al3

<
ko3
T

oL,

=

m1n

tlebA| ©x14=9] ZHn)us she] Tl w B
N2 wlolel g AR = s PR B o) F F

< ]7} H“]'v— FlexRay 313 9]
9= o)A Alo]F€] PDUE RAMe| B3tsle] WA
5 dle 1E% &—% Wgl Agsto] AAHl Alo]Ede]

3.4.2 £ AM2|& ~=ZES)o| 7=
FlexRay W20 F#-2 Alo|Ego]olA| g



=i/ v Elel g 7Rk AEARE- Alo]ESe] A

B 233 A7bel|wt 71538)7] wjdiel] Al~H e}
oln] JEIHEE o] &34 FolR]= £F AT o]l
A o4 PDURS] WEklo] 7153k A|714] of
5 7L F713 02 Z247He] &9 task(FRx_Tx) &
FA7)=d =2 taskelA]E= 42749 S8 vy
Hlo] 58 o]43le] RAMel E014 Q= Do AlsE
£ ®olx 0|5 PDUR %3slo] 3% FlexRay ZE
E29] 3 Rzl vy AAgkeEsn Foizl
SIS 7|7kl HFo] ApEow EHEA g
CAN ®|~29] &3 FlexRayeH= t}27] oyl
E gl o g )= =d| 923} taskol|r]= wHEkE
BE ATES Y CANS vl $A459] 39
el A F FA EA CANE =Y
task(xSCAN_Tx) & £24 &35 %133tk CANS-
=Y task= 2F9 vt} Y oA EHu F
AN 71 4917 =2 #e] Ul8-S WA A
S| wkef A9 9] Halel 2% W8] ¢
< W= v Y e e Ue-S
CAN 71EE2]9] &9 HA|2EH=E &5 A4l
taskS £83M| "} o]F CAN HAEZFdX=
CAN &9 taskellx] #|A3t dlo]e]e] EHo] stgx
W =% <8 <JE{3] E(transmission completed
interrupt) & "HBA|7]3L o] JE|F] EolA] ThA] CAN
=Y taskE SF3t] A9 W] ohy WS
=83 5 oA szl ol=lgh Ak vhA] S
o] BE Wge] &4 k5d w7lx] wHEshA =

o Hlelike] FRE v g sl oJeg o)
3 Hlo] %3} FlexRayo} 252 ehe] =217 7]k vl
oA A8l ZH 4 vl o] vrelAle.
2h 2 e Rele] v ol 23 108149} %
o 47le] 31244 v elle] 5} 2719] FlexRay %%
§ o1 wlo) e AL,

4.1 g oiE Holg = ¥ wig LuelE

I3 11-& FlexRay 2219 413 W3} task] &5
Zolr] 18] 12+ 7|4 AREShe 918 v Hlo]
£2°] Fxo|t}. FlexRay H=19] Al4of do[el7}
dE=H s 2 EEe]e] 4] QJEIR E= FlexRay
214 ¢]HWE) taskS 553 ==d] o] taskel]
A= 91E% PDU A BE 7Hko R g8 vfs] o]
55 o]&sle] Al wheze] Wighe gl gi=d |
olEl&= Mo R T3] 12.a9] vhAE Ho]E2] Alo]

O]
©

‘converto
HSCAN 2

convert & save
Signal int
LSCAN_Tx_Buf

convert & save
Signal ints

Convert o ignal into
HSCAN_Tx_Buf

FlexRay2 7,

get
# of signals
to RAM

convert & save
Signalinto
handie

2! 11. FRI_Rx task®] 38%
Fig. 11. FRI_Rx task Flow Chart

s | Skt | sigratt | signa Signakn | Sigraln | Signakn
O | st | End | RAM Sat | End | RAM

S0 | gicet | ofset | Address ofsel | ofset | Addess

S 7 R
<b FlexRayT to FlexRay2 conversion table >

oo |0 4

Prev | Flex | HS | LS

Cyce
# POU | Ray2 | CAN | CAN

D #of

Signalt | Signatt | Signakt
el | St | End

Signalt

Signatm | Signabm | Signalm
oy End | CAN

Start

ofset | ofset | D ofset | ofset | D

m 0 1 03 0 12 13 128 2
<c.FlexRay1to HS CAN conversion table >

Signalm
ity

0 |12 ] ke | o |y {0
3 5] 0

[NERE::

Signak1

<a. FlexRay bus? input master table > Signak1 | Signab1 | Sgnakt
Ed | CAN
Prioity

o St

S0l | oieet | ofset | D

| 4 4 8 101 4
<d. FlexRay1 to LS CAN conversion table >

32 12. FlexRay 318 Az|$ v HolE +x
Fig. 12. Mapping table for FlexRay input

W3, IDE 31H%l dlolele] Alo]F WS, D2} H]
ate] Hlo]Eel| Udxw= ARt gle A, s dA
3ltj2le RAM kkkk##]ol A2 o]z PDUS} &
gk W4l A9ells AT Hev) glorz W
)& F83he PDUS| W7ol 9ls 735wt &)
o E(QlEln) o] AHWE o] 8-5}o] FlexRay W22, HS
CAN, LS CAN #2729 AEo]R-2 a2 wActs}
A Fck

Ale]E W5 0, ID 12014 31H= dlole]= 11
12.a0l|4] Ho]%o] FlexRay W22, HS CAN 352
Zkzke] W3t glo]E-2] 9127} xxxx, yyyyE A E ]
UOT R o] FAE o] g Wik} S 3 Fov}
9)-8-S oJvlsla, LS CAN &-Eof= omul)e] 9o
22 AT oot e ©JvIgith FlexRay H
2220 W3k} EHo|| AMSEE xxxx HA|9] W
Hlo]E(2¥ 12.b)2 3w PDU7ZL Z 7He] Al A%
E2 UrolRl=A9) Eald 7 AlsEe] PDUWeIA
o] 91X (A=} 912, 8 $1x) 2=l HEkE A5}
A= Ao)ES]o]e] RAM T4} Halld 4152 4
MR 9REste] el 7]EEch wWEk el o3
FlexRay ™Z24- W3] FE =] BE ASEol
RAMel| AA= o]Holli= HS CANE- Hlo|&] W&t

1965



The Journal of Korean Institute of Communications and Information Sciences ’16-12 Vol.41 No.12

Signal-1

Signal1 | Signal-1
Start RAM
e

End
ofset | Address

Signala
Start
offset

Sigatn | Signan
B | o
onset| Adaress
5 | o T« T 5 o]
<5 HS CAN o FlexRay conversion able >

HS CAN
D

exRay! | FleRay2 | L
FlexRayt | FlesRay2 | L,

[ o wyy 0 S|
3 o [ wn L

al1 | Signal1 | Signatt
St d | RAM

Address

<. HSCAN input master table > bor | St
aona | Sttt
ol | ofiset | offse
zz [ 1 | 4

<d.HSCAN to LS CAN conversion table >

32 13. HS CAN 83 A2]4 vl eol& 7=
Fig. 13. Mapping table for HS CAN input

< AAshET yyyy HIx]e] MR Hol (W 1202
-85 €lok yyyyHA1e] Wit glo] &2 A
Z CAN ®A]#]¢] 7§5%(m), PDUI4]2] *lﬂﬂr 3
2 $]x], Wzk=E CAN ID 2 HS CAN HAg &

o] $AIES ARE iﬂsFr—ﬂ °o]& o]-8-3| Hd%
AAsla WEhE W8-S HS CANQ| $-4159] 7]
A S AAEls e A" A5l
ukEsic) nE x#to] ¢k =w HS CAN
# tasks $E3)¢] CAN M= dlole]E &9
6}71] git}h. HS CAN4S- ¥izhzksjo] Fa=w Fdsh
W0 2 1S CANS- HIZk]S- AA|sh=t] & o 4]
oA vhaE] EHlolE(2H 12.a)¢l 022 YA <)
7] ool LS CANS- Hdﬁ&% *BF%EJD}

1% 132 HS CAN 3§13 W3} taskol|r] A&3h=
ujg] glo]E-e] FFolr) FlexRay-4 U upo R
o} wawe] W o595 3l %l CAN D9} 1§
vkE] v o] B(H 13.2)3} BlaLste] Aekslar
i o/\] _?_.i_o w3} F;]]o] b-o o]_Q_{;H H
3ksle] LS CAN =8 749 Wizt Eﬂ°l£°ﬂ*1 214
gt el e oA EEws AHAsia
FlexRay-§- S84 7% o] Zol|4] 24F RAM 9]

2ol AAFslA =

FlexRay W22, LS CAN 134 Aa|wta]e 7zt
FlexRay ®2~13} HS CANol4] Aw¥ 83} 5
gk we R FAHL

0

o

> b

@ﬁﬁw
o 8
B g
ﬂlﬂ

42 £F g HolE 7= ¥ g L12E
23 143 Hpolv] AERI S Sl FlH e B
%+ FlexRay &9 taskel|A] 21359 23H8 54
o2 Agsl=s FHE v HelEY Fxolth
FlexRay-$ &3 task™ &3 vhE] vijF dHo]E(2H
e A 4 2 el et 0
o]Z ol Held Aust W zgw(
14. b)—4 F4E zolA FlexRay 534 PDUE s
Al "ok Z233ell= PDUE 745K A15E52] PDU
Well4e] AtslE 912 AR 2 AksiE /}li%°] |7
£ RAMS| T4} elslo] ek, o] Ang Eaf

1966

Signal-1 | Signal-1 | Signal-1 Signatn | Signaln

I ignal- nal-n

it RAM Stat | End | RAM
s ess
4

-lagd

End
el | Offset | Address offset
1 0000 3

Cre | p | Linked
# s

o |12

N EIE

of | Sianal-1 | Signal-1 | Signal-1 [ Signal2 | Signal2 | signat2
% | Sttt | En M | Stat | End | RAM
offsel | Offset | Address | offset | offset | Address

[ 1 000 3 4 oo

<a. FlexRay bus1 output master table >

<b. FlexRay bus1 PDU combination table >

3% 14. FlexRay &4 2|4 v dol& +x
Fig. 14. Mapping table for FlexRay output

5014 PDUE FlexRay ZAEZ2]2] &2 #|x] ¢ o
ZAF=]o] FlexRay AEZE7} Foi2 &350} =
W header$} trailerS %3l 2% =Y Folo
=43 = Al Ak

FlexRay B, 22| &3 22| vl Ho]E<] 3t
= AR veAnt Fdd dueldez HejEy
CAN®| 7= o[HlE 7|uke] A]2]o]7] wisie]] Mz
o] 294 v | o=

qkeF FlexRaytt CAN ©]9]9] t}2 v = H}4]
o] Agd HSelw oWlE Er]A 7uke] UEYS
9l 7%= CANT} £t doz elg) EelA 7]
ko] W ES] =] 9= FlexRaye} 5U3g /dos
=95 AAskd A 8ol 7hssi

4

4.3 LuejEe| HE

AlelEdlele] 7P FlA el 7e2 l=d wAA]
5 Hglshar gk dlold S g A4 vE
A3 = whE ARE Wel] Asl= Aotk o]Fellx =
4 “ﬂ*]XH i&"ﬂlﬂrfﬂl ek e Y Hjﬁéi%

*17&01 UH
I'n 71]015%101«1 Hﬂﬂ %J_Eléﬂr 715«1 1:1 Ale 1
flote] Wk dwe]Felx] i HlolE FAA kel
gk AlEde]Ads XIS

] HlolE A FE A EHo|AAS dat
Ao g wol AMEE T 9)= ARM Cortex-A7 HEF
©](900Mhz) S ©|-43la A =& 722 RAMA
ol 4] Aegstalon A A ~gle] 7442 7] 7oA
o ko] 478] vIES A5 shte] Alo]ESe]e] A
= Ae® A3k

/xlzﬂzﬂ_gi uE ol?,:] Eﬂo]£‘£<>] 71—7_1'- 257H, 50
7N, 10074 :LHJ_ 2007H2] 1w A1A] ID2] F-5)
£ To3M Z= Zle® spdelick A o] % v
22 AT 2 uﬂ7:] } 0|2 s wpL ;] W3k
Aol 1in WA o] A& frAlslE R o] e
g *larzﬂovi% 2katelct

a9 15+ *]gﬂl'b] 1o] A¥=s Ak 1
I™-elA] & = gl%e] 71 1:1 gAY AS-3



=i/ v Elel g 7Rk AEARE- Alo]ESe] A

15 122

. 0.61
046
0 0.31
o M I

a8 15, AlEdeld A
Fig. 15. Simulation result

Hat A L us)

o] g} wlo]t 2 djo] Washt Lin WERPAe] H
3 e QI wlold o E mE Mkl of
& ARES AT S ol7] el Ln B
AR 11 et vk KR S-S
¥ 5 glatel. mak AEeolA AnE FalA] Aol=
Slo] Az A w7 4y ol el QY
2R 1D £F)2) 28 45 Ze] w9 2
23 2 5 sl
V.3 E

2 =roldeE A viE HelES ruke R
gk 2= Alo] VIEH =S Alo|ESelell et dare]
24 712 AAE A

A L] vlekst 572 vEY =7 9
gl Alo]EfelellA 1in VIEH =R Wt g HFoll
gk Al viAlS Algksldor megk CAN HE
Aaz B dolelE 23 ul= 7]E9] FIFOHH]
o] oyl Alo|Ego] Alxwle] A Ale]| F-ofdl= Al
22 Aol AN FEEAME vE S e T

o] Y93t A BE a8 Wk Zlo] oz}
4] vl o] EEws wdghe g 7icts] A8
T Slrths A= 7B glek =3 oWlE EEA
7]4kel CAN=} e}l E=]# 7]4kl FlexRay WIES]
= izt AEAl o, W3k E dwelEs
&3] Ak o7 wiieell FF ok el vIES]
Z7} FohE ASelE B due]|ES $8sle] A
#-go] 7hsslck

B =ollA= AlEE Alog- Alo]| Eglo] o} A}
$A15=9] v el Ee] Ay E o]E AelEhr] 913t
ofare] el whgk At & 7]EA Q] Fhese], A E

Aol Tzl tte] ohFdck

FFolls £ =il AAE daelg 71 A
A WEES 7Mkeg AAlY] AlxES 7Sty
7k A7t kR 2ty B3] e 233t
Z3ka} whak3o] OSEK/VDX OS, AUTOSARS} <1
F5 F3lo] e o7 goEch

References

[1] G. Leen and D. Hefferman, “Digital Networks
in the automotive vehicle,” IEEE Computer
and Control Eng. J., vol. 10, no. 6, pp. 257-
266, Dec. 1999.

[21 S. Tuohy, M. Glavin, and E. Jones, “Next
generation wired intra-vehicle networks, A
review,” in IEEE Intell. Veh. Symp.(IV), pp.
777-782, Gold Coast, Australia, Jun. 2013.

[3] Charles M. Kozierok, C. Correa, Robert B.
Boatright, and J. Quesnelle, Automotive
Ethernet: The Definitive Guide, Intrepid
Control Systems, 2014.

[4] H.-S. Oh, “V2X communication technology,
recent trends and practical issues,” J. KICS,
vol. 30, no. 11, pp. 3-7, Oct. 2010.

[5] Y. G. Bae, M. H. Kim, S. Lee, and K. C. Lee,
“Implementation of node mapping-based
FlexRay-CAN

networking system,” Trans. Korean Soc.

gateway for  in-vehicle
Automotive Eng., vol. 19, no. 6, pp. 37-45,
Nov. 2011.

[6] S.-H. Seo, J. H. Kim, S.-H. Hwang, K. H.
Kwon, and J. W. Jeon, “A reliable gateway
for in-vehicle networks based on LIN, CAN,
and FlexRay,” ACM Trans. Embedded Comput.
Syst., vol. 11, no. 1, Mar. 2012.

[71 J. H. Kim, S.-H. Seo, and N.-T. Hai, “A
gateway framework for in-vehicle networks
based on CAN, FlexRay, and Ethernet,” IEEE
Trans. Veh. Technol., vol. 64, no. 10, pp.
4472-4486, Oct. 2015.

[81 Microchip, MCP2515 data sheet, 2007.

[91 Sung-won Park, In-sung Kim, Dongik Lee,
“Implementation of IEEE1588 for Clock
Synchronization”, The Journal of The Korean

Institute of Communication Sciences(J-KICS)

1967



The Journal of Korean Institute of Communications and Information Sciences ’16-12 Vol.41 No.12

Vol.39 No.2, pp. 123-132, 2014.2.

[10] FlexRay Consortium, FlexRay Communications
System Protocol Specification Version 3.0.1,
Oct. 2010.

[11] A. Schedl, “Goals and architecture of FlexRay
at BMW,” Vector FlexRay Symp. Stuttgart,
Mar. 2007.

[12] J. Kim, H. Seo, and S. Lee, “OSEK OS based
gateway for interconnecting WAVE and
CAN,” J. KICS, vol. 39, no. 2, pp. 133-141,
Feb. 2012.

2 M| & (Se-Chun Oh)

1984 24 : w2tk Az}
T3} EQ@FD

198911~20104 : A A=),
AR}

20159 3U~3A] : =AY
sista AEgeat AAat
14

<Al FAlEEl AFeAgEl tiagelEt

1968

Z 9 E (Eui-Ryong Kim)

2010W 29 : g=RAksl7| Sl Et
o el EEAh

2012 249 : =AY |s st
TR E344h

20161 24 : =Rkl |s st
L AFE s EEhAh

<FAlEol Az ESelsl, A

WA, AR

Z ¥ 2 (Young-Gon Kim)

19831 24 : Z3Edsta #z}
FIHF3AD

1985 24 : At )
el AR s 2D

20004 24 : =l ]edd A
Abstal(-g-ahataly

1985%3~2007 : KT 54371

2007~A : =rakl7 e e el 2

<Fltol Az ESolFEl, AHHFAA 2, A

A& A 2 A



