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Improving Network Utilization in FlexRay
Using Reallocation of Static Message
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Abstract : This paper presents a mathematical model to determine the optimal length of static messages that can
achieve more efficient use of a FlexRay network. In order to determine the optimal length of static message, the
proposed model evaluates the given set of messages with respect to a network utilization index, which is defined in this
work. The efficient use of a FlexRay network is achieved by reallocating any static message whose length is equal or
greater than the resulting value to the dynamic segment. The effectiveness of the proposed method is investigated by
applying to the SAE benchmark data.
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utilization( U] £ 2 A8 3 &), Schedulability(= A& 7HsAd)

Nomenclature 2 sk vk 71Ee] & JES 9

R : worst case response time of message m ohe ARE AR o1l AR, A R A S

T; : static slot length to transmit i-word message A %f}:i X]%:Sé A g(mtihgem vehicle) = T—ﬂ%ﬁ\;
3 Al ¢ =3 % N 7

Taro  :transmission time for action point offset i - Askar Aot A P52 , Aok 2
MT - macrofick o o) Aelot 2el Bl e Ak 24

u : network utilization row 1o 2 g)E 5= glojof g}

Leyele : length of FlexRay cycle A Ak 71ze] A el wa, 71 A
Lused : length of cycle for message transmission o AAJRERE ofuf 2} AR AFof Qb vk Ao & 97
7= AA, Bl ALA, o]t AlA, GPS AlA 5

LM E Be o) AMsh o) B RES0] G

ATh? AEAE A Zsh=d AFEE = g Sl
A RAp o] Ak HF o] 20081 & 7] ©
R23% ol Tk AL ke R = v ST FUE
Ao diant? dxp 2Ee] Frek 3 AlA,
o F=of| o] ] 9} A =} | ©] 7|(ECU : Electronic Control

*Corresponding author, E-mail: dilee@ee.knu.ac.kr

113



Unlt)'E— z Tﬂ x4 HP
Al 2~El 8- v A o] 7
e BAHe e n
sto] A2 752 —r7P‘6}71
A7 gt e s A 7=
b=

olelgt LA sl dstr] flete] 7IEe] & o A
HiA A] 281 Al ske] U E Q] =L 7]9ke] Al o] A2~
go] tE ek Al A9 REL Eo] g &~
QA T e AFE U ES T ZREFE CAN
(Controller Area Network)®] AF-8-%] 31 9)\\3]- CANZ
19861 BoschAloll A 7kat Al2]dd
2 FH ] IMbps2] dlolE] AEE, T
O‘ﬁwﬂé R HAA] FE A Abs A
ATEY BAIRE CAN W ES) =L A
a7t 543 S74sHAl HlW CAN =
M7k e AuAE 713 A A
PR 7 v, e oz she
INAEE 457185 9 BowH 9
off WiAlA] o] o o] 3t o]
AAIZEe 2 Hlo|H & A g8t AE At

J>*

;(ﬂ z o

=

=]

=
73

i

ol r_l_‘
il

f
g, Mo

<
<5

:@wmﬂ

> N T
o M A
flo

-

ol
N o e
o

oot T ooh g o @ [y X on
Qg

z 4o 1

zS| Z .’5194 §LZ4
WA 7171 918ke] BMW,
DaimlerChrysler, Motorola 5-©] 5=57¢] =] FlexRay
AARA DS 7443 FlexRay WIEHAE 7)itst
21t} FlexRay+= time-triggered 2] ©] 2] A1
E o} event-triggered 21 0] &2 Al TTHER 4 &
o 9t} A HIHES time-triggered B2 O &
FAeke] MAA] AFo) S-S vt sk
Rl Bl o s AEstarat sk v
Ao Hol7t theFgk A9 UIES A E&7d0]
Hojx= wide] Stk F4 AU EE FTDMA
(Flexible Time Division Multiple Access)®2] 0.2
event-triggered 9} 7+o] WAIX] HFo] Q== AF
jﬂ'oﬂ T AR S ST w2 A A,

2 Falo Aol =& a84 T Aol 9ol A
= H]:L‘H Eo ot fy‘— 011:} FlexRay YE
A=) ALE & 5740

[e] O trl-
&A%, we

=

114 szXSXIZets=2F M2 M55, 2013

aES

Lo

o}
a4

FlexRay YES=S &
= ohelsh o] 47kA]7

-7 AlRE e AA
R REEEE

E EERECEREES
AR S T

A 7HA] A ThEet 71 o] A=

Park 2] =RV M= A4 AlarES] 2435 &
A Z o]&ale] A A 2HE S Zo]$} FlexRay A}
o] Z Zo|2 H A3} a4t} Martin®] =i A=
2191 9] Bin PackingS F3+] U EH A 5 &S
7HAZ 2.1 Ding 9] =Yl A= GA 78S 2
o] 2AEE S FHSATE sHAIRE o] HFF 7]

& B3 A3 E o] o] E@ il T o]

R oen

LU WL

9l3to]

A

i ok ofN

&
H
=
oA = U EL A AL &S FHulslslr]
M IZHEZ 2] WA X zﬂﬁ]’r"ro] o= 1
& 2AEE GaelEs AlRbsk

Hs

54

s}

2. FlexRay U EQ T Al
HAIX] xHEE

Id

21 AAE 7Y & IHY

FlexRay U E$] I = Fig. 13} 22 A| 2280 A] &
2lo] o] Fo]Xt} 7zt =t ST AEQl CPUS CC
(Communication Controller)”} CHI(Controller Host
Eate] Aol Qi) B AEEY
o2 BAsa gon AA =YD T
=7k she) A el Ade g

Interface) =

dug]E] AL VEHL TS A
;}0155': A= 3 22 HAA
4319tk A A, FlexRay &4 Al 2~Eh 9

-rr(Error 9 == 3 %KFailure) S L YA|

Of



X HAIX| EES 0[S 8 FlexRay HE

Node 1 Node 2 Node N
CPU CPU CPU
CHI CHI °e* CHI
I eTo % I CC IEECCE
Fig. 1 FlexRay communication model
etk =4, A5 5= FlexRay WA A 2] & 7

o

HE= o3 9tk AR ARE ZF A =29 &4
=9, AT, BHARE e Q) o] Sol ¥

A},

2.2 FlexRay A% & Z0| AHA

FlexRay 44 A1 E W] o] A4 &3(Static slot)
o] A7|= 7P 1 Hol& 7HA = A A WA A 9
3] 27d ¥t} FlexRay MAIA] ZH| Y2 SH[O|E 9]
3, 7He ] Ho| 2=, 3ulo| Eo] Edde &2 -4
et wiAlx] ZEQle] Eejxow AFsd A9 F
7HA Rl BlESo] Hast Ao igj=e] b
ol & HFst7] 9l AA &5 Hol= A (1)
Edy=

T,= (294 20X i) X gdBit+ 2X Typp (1)

21 (Dol A i A WA A 7F A E5h= dlolH 9]
HlolE 4= odBit = 1R ES A$ste=d 2= Al
7Y, T po= Action point offset2] Z<-A]Zke] T}, 8H]
Eo] wiAAE Hdetr] s 20 ES] BSS
(Byte Start Sequence) 7} 715 7] wioll i91=2]
o|HE dFsl7] flaiA = T 20x i v EZFZ
stoh w3k A2 %S dzdsh7] 9ske] TSS
(Transmission Start Sequence), FSS(Frame Start Se-
quence), FES(Frame End Sequence)2] 29H| E7} 57}
2 ARE-FITH

(29+ 20 x4) X gdBit + 2% Ty p,,
gdMacrotick

T prp = ceil(

®))

FlexRay % Ao E2 v ZE(MT) G = o]

FolA glom, IMTS] dol= theF 1~6usolth uh

ghA v A RE G9E V|Fo R Akt A E5

o] dol= 2 )} 2t} gdMacrotick & 1MT2] A
he YERATH

) X gdMacrotick

A3 ABEE M 71y

23 UERIS AISEE AW

FlexRay T2 EZo] G4 ATHES] 45 A4
S50 77 7 21 Aol o] AF wA Ao o5
A ARk e A2 ohE Zol o] A wAlA|
7F ot 79 A HES A £&2 "ol
Qq. B L«,ﬁo}]/xﬂb 7<47<4 /H]:LUJE )x;tﬂz?J S =
Sk FlexRay U EH T T84S vustax U EY
3 AF8-3 &(Network utilization) o] 2} 71d & A<t

3lal o] 2 Hlo g AA NIHE ~AZY T&
S ST M EY A AR E &S AlNEshE 4 (3)
< o}z &} At

l.. —usedslot
u(%) = q"del—xloo 3)
cycle

21 3)oll A usedslote A2 AZTHESL] HA]X]
¢} T4 AOHER A A AR E A
s 91al Bad %ol Aol B ML, 1, &
FlexRay UE$ 2] AA| Alo]F Ho]& on] gt}
VEYT AFE 882 A4 vAAE 7502 A
AbsE Alo 2 =24 AHOaHES §88 A

AL,

- =

-2 FlexRay Lﬂ 9z mrEZo 714 7
A WA Aol 93] AA &&Ee Aoyl AR =
AR AIHE E}\é
Fig. 2+ 227
Ak A= 01753._-

A HAIAE F

ﬂHNJ

d slot-& WA A

£ &3] f1ste] e Ll lﬂ 7 °]E mini

‘ Static segment 5035,?1%’}3
g 1 B W N
\ Used slots

\ Used slots |

Fig. 2 Static message allocation into dynamic segment

Transactions of the Korean Society of Automotive Engineers, Vol. 21, No. 5, 2013 115



Byungseok Seo - Sungho Jin - Dongik Lee

slotS 7] 22 ALk gho|th Used slote] Z7]
7} S5 FlexRay A WES A AHEa2 &2
Z7VakAl |k Ak 7IH-E 7Hd 71 Hol o] A A
HAIA & 4 ATHER @Yo =2y YEL A

o AHEEEE AL ol 2AEY
L AAEIEA L TEA7|A] I AV ¢ oA

AR MIHEANA =4 A1
A7F =
ﬂzq

HER o)A vlA]
97 e w7k wkE A o2 o]

1 Aojo] A& HAAE T4 AIHMER
71 FlexRay Z2EF2] A% Alz1d
o]-&sto] Al UES ] AHEESES
I+ A2 & AEA7HS 71 = vl
o] Wolx&= AA A1 ES] Ty
A= Wgolth
Wh QA v A] %] o] A7)} 2] W stel| ule}
ool E&5 7= HA LA digk 28 7F §
2= 7]¥el 23 used slot2] Z o]
& UEbdth ()0 45 2AEE S 485k 28
S 450l (b= 7IEe 2AEH 7IHE A8t
A= 7A-F-olth ARk (o) oF o] 7 71 Aol o] A
A AR E T4 AIHE dgste 71E9] 7]
HHT Bt B —’FQ] e AR E A4 A
ER sl 49 #29] Used slot, & & 2] AL
|EE&S Yehll= 457 g gk A )
AlA o] G- F714 0 BEAAE A == 54
A TAE R 9] ehd-5 Fsto] A& vA1A] o] HEA
Aol Eﬂﬂ ko R, 1?45 A gt ol 23 MstE

G- AR S =g Dok

iy r\{

oXL _}L
ol
o

At
2,
tlo

2 o\ (Moo
[o5

)
>
S
o

o

B
Lo
I
e ob
fo
nqo

o
A
JPE
QL

[

Dynamic
ment

||\|ﬁ’||||||||

Static segment

m__ﬁ B i = e

Used slot

\

Static segment Dynamic segment

o5 8 8 e e e [T

| Used slot

Static segment

Dynamic segment
o (memia_ e e (e | [ [ [ T[T IITITITT
| Used slot

Fig. 3 Comparison of used slot for various scheduling method

116 s2XISXIZets/=2F M2 M55, 2013

Zagd ¢ g -}—\—?ﬂi% o] *6‘1'4—%1]:]'
upeba] 2 =ioll A= A wAA| o] H A s}
£ Baolo] Auje] AL ELS UERE oA

ol&3 2AET 78S Aekst

25 HA MOHE AAHEE 7)™ A et

E =3 A= FlexRay UIEH A ALE-3& 74
= 9% AA AIME 2AEY 7HES AR
HAIR] 2= 7] H-S BE FlexRay WA A=
o SR ARE ALt 2= 0] 7 E A
el oL VEY A AR R &) S7Fshs 241 8t
oAl yhEZ o 7 sttt ek YESAS KE
HELS FlexRay Z2EF A7 A XA(Specifica-

tion)” 2] W-§-& Eo) & 3},

A AaE ~AEd 7|H Fig.
2 AgEnt 2AE" 7He] 271 4
Ray HEH A seprly s o= whett
st} E ol = FlexRay == o gk g 1.
A A% &=, FlexRay WA =] t)s R 7}
th ol Fr e o] EUH AHE Ed R
71 Y EY A F44-& gt

Z7) YEHY Y] 742 vIAA Y 29, 7 HA|
2] ID &4, 2=AEH 9] 7Fs/d(Schedulability) 2
U ER] L] AR & & AP = o] Foj Xt} A%
B 7hed(s) WIAIA o] Hdf S A A ARE F
3t A H ] FlexRay & WA A= AAAAF7]}
A Pae= e I = A PR K R R s
A4 A Zro] wA]A] o] mhEAIZE AJZEE E Al =W
A %] o] A ZF -2 Ao 5HA] = s w A A o
gk R E w5 = LA Erh FlexRay &4 w4
o Ao AFAA AIF A w2 2 (49 2

1‘4—.“)
R,=o0,tw,+C, @)
R, AA ] Ao D54 AZHS vheh o

0, & FIAA ] %A o] A7 AHRE ST AL

P28

=
=



Improving Network Utilization in FlexRay Using Reallocation of Static Message

Calculate
schedulability(s) and
network utilization(u)

e

Any more static
messages left
for scheduling?

Network reconfiguration:
1. Find optimal length of static message
which minimize ...
2. Allocate messages whichfoundin step 1
to dynamic segment
3. Calculate schedulability(s*) and network
utilization(u™) after reconfiguration

Schedualbility
S*=1?
Yes

Network
utilization
U==>UuU?

End

Yes

Fig. 4 Flow chart of proposed scheduling algorithm
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