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Implementation of FlexRay Network System
for Distributed Systems of Intelligent Vehicle
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(Kyoung Nam Ha, Won Seok Lee, Suk Lee, and Kyung Chang Lee)

Abstract : Safety critical systems such as x-by-wire systems require in-vehicle network systems that can interconnect various
sensors, actuators, and controllers. These networks need to have high data rate, deterministic operation, and fault tolerance. Recently,
FlexRay protocol that is a time-triggered protocol has been introduced, and many automotive companies have been focusing on this
protocol. This paper presents a design method of FlexRay network system and implementation of FlexRay-based motor control

system.
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Fig. 1. Schematic diagram of unified chassis control system.
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Frofof gt}

thiog Ze|2E AN o]Fz A Tt %’ﬂ
ko] Aol whe} z4zt EE wiaA £329] 715Ad
g Ao Folof gtk o]F Fall, AAAY FA iEQ}
Fal we Ea B4 fde] Ao o] Fofxit) of7]A
folafol & AMgke, A Zgelor /\}-%—E]‘:— | P R
S wieA] T oole BA AR FA ASHRES djoF g
th= Aok Iy 79l oleid A& 7%7(%*1 #45F =&
A1 g VP

Fejag AAlg == AAE AA HTHoE A7)
=HZ CHI 198 A =W v 24 FlexRay WESHZ
F ARgE 5 Qe AAVT ¢85 "ok o] cHI Y2 E
B2 AAle BE deuHE v RSl == A7 oA
oM o]Folr BE T4 ARE B Jv ASZ Y =
2o I B4 Ale)7]9 2Bl persEgoeH
FlexRay WIEQZE 78 5 A At

IV.FlexRay W E®{3 78 X ®J}

1. FlexEntryE O| &%t FlexRay U EHZ 73

B Ao M= o FolA Azt AA WS o= e
TZM A}2) FlexNodeZ ©]83}2] FlexRay WEY IS 3}
SATH7). FlexNodet= ZAER FreescaleA}e] 16H]E vlo]32
ZEZ#Q] MC9SI2DT256BE ARE-stT SloH, EMAH
(transceiver)Z PhilipsAFe] TIA1080S AME-8kaL Qlvk &gk &
Al 7)o} 7] 2= FlexRay Ver. 2.1 % A|¥38H= BoschAle] E-Ray
= p S AN

FlexRay WEHZ HAE %—8}01 TZM AF9] FlexConfigE
AVeste] cHI Fg AT, Hel TE WS GNU 7
BYde g olg3ted, 18 8% %01 colelz ZAs) b
¢l ZZ 78] X FlexNode?] Z2E9} E4l Alof7]9] 44
S 93 52E YLE KZ o]4dly FHIPon TAE
o} W& =gtolnle] QAL SPI A& o833t o]FAl
29 Tg) Z2IRL FT AEER ARE ksolA A
A ZYAL AFse F713E A=stn, 5V ¢nH
W EA AL E UollA] ARG Al R 2ol A vlo]E =
Adel Mol o] FAAEE 33T

>0
9
_>'|_
@
>
0L
0K
o
r

2X ® 13 &, X 10 = 2007. 10

*sync ZTHYUZ °FT FUR *ECE Z217
0_CDSTART); sistart Flayy Fifeef ws g
ile ((;(Cikaykzg SERSTaNsheg. U CCSY & BFAYFUC_STATS.SECTED) 1=, 7/ 240 KLCRIETAter SR, s 55K 12 MOE.2
ul6 puiconane_Acc;
prmf sl (o 15 syetrerizefan); int a_adcTevel;
.ﬂ' (1) fleat accrm;
t N
sf_Function Return = MJmem(&wkmswx F hEasurt sceReIee AW B
1f (si_FuncticaReturn == ){ FP_F1essG_TX_kode0 B, uspata[l] = %5
I (A Flesg sync. ausdataf] < 5 si_Function Return = PUT_FLOATHSG_ERAY{8FR_F2x56_TX Node0_B); fal
FA_Flemsysyre. astamalt] +e _3 s
i 1 (s1_function return == D
else( startComversioun(400_09, &cc, dpaiCordone Acc, RES ,m
FR_Flemsq syec. auspatals] = & iflace >m 3 84 e < %) { I/
} Ladc level - 15
} Fulmimr.‘ndeum ausbatal2] = 2269 + 309/20vaadc Tevel;
else iF (si_runction Reurn = -£){ sl o .
princf_sci("Flextsy st a2ty else if(acc > 10 8 Acc = 185) |
break; aade_Tevel = 9
1 FR_Flemsa T uoted A8, ausData[2] = 2266 + 3E0/0Madc_Tevel;
else if (siFenctionherun == -7){ g i }
printf_scifinkasen €reor = £aT); else iffacc » 150 & acc <= 5 {

break;

1% 8 FlexRay 78S 98 w9 Z2713)
Fig. 8. Main program of FlexRay implementation.

2. FlexRay 7|8t HAE HE 3

8% FlexRay VIENT A|2Elo] 58 Hrlstr) A8k
T AE A3 HAE W=E FEFIch Ao} thido]
HE ZUWERE DC AE FEZE ARREJeH 479
FlexRay ==& 19 99} 7bo] A3t

HE Aojg g =L A o]E (accelerator)2} E.#|©]
Hbrake)?t DB FHALE 01835} FlexRay UEH e
A&E e 279 =25 B3l o]Foirh &3l DC A
B BEE Ao = g o] =g BE wTel ¥R
Fol MEHZ X4 54 AEE S 18
I FlexRay®l M@ 55 54% 171 91814 2E WA
A= FAY LS AR Al ASE 4 URF A4
sk

dAgo|gle} Beold HES FE2W FE= A= o
g} ¥He £5 Z%7} 247} 2200-2700RPM, 1700~2200RPM
o8 A3 He= 2355 JHEE RPMEE Al
S22 AEEI BE =SoAs DCARE HES RPME
At Alo] =2 AFFrh Aol == Aoy &
Bjol=e] o s rRPME AL EE RPME
Bl 71& RPME %28 4= 9 &E pWMS Akst
HE =g AFd) PWM #E 9§ BE ==& 0]
% o]g-3te} DCH R RHE TEdrh whef %] 9F
A glE 7] Ao A9 2EE 200RPMES FF3}
=5 AAE0

FlexRay HEH Y dlojy A% £5E 10Mbps, T4 A
o)FL smsE AAFAT, 1 107 2o €F ID 2, 3, 48

N

rlr e

dﬁ}i.&

10 Mbps
FlexRay bus

Motor Node Control Node Brake Node Accelerator Node

219 9. FlexRay 714t AoJA|~H HAE W=
Fig. 9. Testbed of FlexRay based control system.



Journal of Control, Automation, and Systems Engineering Vol. 13, No. 10, October 2007 937

D@ M % %8 @ir s &%

B Motor Corirel_nodes 3 / v
= {3 Cycle Parameters Stotz ,\: S %% & s> /
IR

Z e Siatic Stota &

-3 Voo
At cakd
v Slot 4 Noge 2

Fiorcud
Woun s

on Siot 9 stera B B S S

Nede 0
Noda ¥

<

2 se0n Wode 2 -
& Bots Fioxcard
Nads 3

Stot 18 3

3 Setss Stot 4 "d’
Za Siot 20

4 Dynamic Stots e

~ & Node_0 Sones

- otie -

. 1
Intanrupts node 2 11
1]

T 11

)
30
%

L1

&
S
< %

&
RN

Timer Finxcord
= € Node_! Wode 3

[ Ry

<
A

Bufter

& Intarupte
& Timer
& FlexCard
Butier

Intattunts

Timer
& Node_3
@ Butfer
Interrupta
& T

»

<
Feady

13 10. FlexConfig ©]-&3 Az Y] &% D &3,
Fig. 10. Assignment of syncframe slot ID using FlexConfig.

% 1LEX DT
Table 1. Assignment of slot ID.

Frame Slot ID Channel
Brake sync frame 2 AB
Motor sync frame 3 AB

Control sync frame 4 A B
Accelerator RPM 5 A,B
Brake RPM 10 A,B
Motor RPM 15 A,B
PWM value 20 AB

3 Zyddezr geigict el By ==e Hile]3,
AAdgole]e} RPM #7 PWM #e A4S YaiMe 2}74
5, 10, 15, 209} &% IDE ¥-43}5131 & 1914 FlexConfigE
53 % ID €99 A4S Jehidnh o)F2A 24E 4
B2 T 13 2L A ARlES 743t Alo] AlAE
28515 THI).
3. HAE H|I=E o|E¢ FlexRay Al2E #It

FlexRay 719 Alo] Al2=®le] A5-& ER18l7] $181A] Vector
Al2] CANoeFlexRayE ©]-8-3FITH8]. WA FlexRay W2 74
of A%HE dlolEY] Alog AT 53 EUHIHS 3
&4 FIBEX(Field Bus Exchange Format) ©9-& %3 7}
2 ARSItk ks, AV FlexRay?] W2 =
UEEg 93iAE CAN databaseZ 334 ALgafolat 3}
td o1 M E AME U2 ZE2EZ| WATE 23
37 A% FU1EQ Aol dasp] wielth wheEbM
FlexRay®] HEY A2}l FHE o) 71x] dn|eiEx) 44
TEE Ao Azwe fF AMEE AR AAXE] o
g LSS NEA Adsr] As 2= 129 22 FIBEX
elg A

tgoz Aol Pl Byolas) AAdHHY 7&
RPM, 23 Alo] &8 DCEEQ] &3 RPMO] %} s
S 2UEH 3] 9 H 4] CANoeFlexRay2] Panel ¥ Graphics
71%6-& o) g3Isith AAl AFEAk] AV|HE EASHIICAN

Olr

. L Jo
| Cyele [2n+1] I Cycle [20+2] T
“ | static segmem& NIT ] static segment} NIT I “
[ 12]3]e]s}]o}-] 18] 20] NIT (Network Idle Time) ]

static sltot = 160MT=0.1 ms

static segment = 2060 MT =2 ms NIT = 3600 MT = 3 ms ——————)

If 1 cycle = 5000 MT =5 my ———————————>

T 11 9 E FA ALl E
Fig. 11. Completed communication cycle.

C m s N e asan et/ flox flexray Y 5000< £ (e >
FLLAPING - = bt/ fwiviss 5o et T/ ey > L <0LUS R JPIFT AVPING>

fexay GIEL TVPE >
R PRV i

ray:CONTROLLER-TYPE™>

Wt eml'> Ace_Controer </SHIR" Rae >
T fovwy.csam et oe excay'

2 EYNC>

Cr b fvae. st ol tonllexs 2y > 125 8

bty frevow a0 b Rl 1</ JSTER- R
1/ foewny.asarm et/ xerlfibx fflenray >B02404< /. ISTEN TIMEOU™
et/ sl /T Sfiexaf > 1202 M LagFT >

"Nttp:/ S asamnet/ el o fenrad >0</5a T SRS

m»nclixmh fox ffiewrsy'>0</ExER s RATE SORRECTICA>

1 svvew.asamact v/ o lienray >2¢,
&t/ fwig.asam et it bx ez > false /A LON-*LT SR 7O

it fuewn.asam.
"D Lorw. o,
bt //v:ww o

>fas il
w5, nct/vqﬂ/l:x,fnmy»u 012501 VICRGTICR >

nn:clnrl &) n = flexray:CONNECTOR-TYPE ">
arrell

213 12. FlexRay ZUEIRS 9]3) 4144} FIBEX.
Fig. 12. Generated FIBEX for FlexRay monitoring,

OB ik he Sy ] T 5

3% 134129 BoHE o8 TR TUHY Axd,
Fig. 13. Monitoring system for system evaluation.

databaseol] A Aoj3 27 WS AQste Y 137 o]
Bolast Addgelee il 23 DCXH] &3 RPM
o WakE FUHY B & gles FRsAcH

o]& o]g3led AAHR] FlexRay WIEH T A]2~8l9] 4
& 23 149 o] Delolast Aadolel] o] BE ¥
El9] RPM % A< Frlstke FHE olFoixn. WA
a2 155 dAdgely Hds F 63 BUE W, Y

o -
£ g4 g

RPM 33 38 RelFa ok O} 2ol A

q OIF

o



938

Accelerator RPM

SR
v : ;
7 //'/ { & Input
Lt
|

Brake RPM
Input

G e Motor RPM

ane D I A et e e
eraa b

[T

I 14.71F 4 42 2E RPM 5F A% 2%
Fig. 14. Result of control performance depend on reference input.

Accelerator RPM ™~

case (D : Press down the accelerator pedal rapidly
case @ : Release the accelerator pedal rapidly
case @ : Hold the accelerator pedal

case @) : Press down the accelerator pedal slowly
case B : Release the accelerator pedal slowly

Motor RPM™~
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Fig. 15. Output RPM of DC motor on acceleration input.
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- {case @: Press down the brake pedal rapldly
case (@ : Release the brake pedal rapidly
- {case @ : Hold the brake pedal
. |case @ : Press down the accelerator pedal slowl)
. |case B): Release the brake pedal slowly
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Fig. 16. Output RPM of DC motor on braking input.
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