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FlexRay: Protocol, Time Hierarchy, Message Frame,

Communication Controller, and Conformance Test

* * * -k * **
HE A 4o, d £ u A, o g A, o] A 5

’

ol

Seokjun Hahn, Sua Shin, Naeun Park, Chan Park, Daegi Lee, and Seongsoo Lee

Abstract

FlexRay is an in-vehicle network with maximum two channels and maximum transmission speed of 10Mbps per
channel. FlexRay exploits TDMA (Time Division Multiple Access) and FTDMA (Flexible Time division Multiple
Access) to ensure real-time communication with efficient transmission, so it is used for real-time electronic control
of safety-critical vehicular modules such as powertrain. This paper explains FlexRay protocol, time hierarchy,
message frame, communication controller, and conformance test in detail based on ISO 17458 standard and
FlexRay consortium documents.
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FlexRay= A W HIEYA(n-Vehicle Network® ZHd 2709 A= ZF Add FHd 10Mbps As £L5 74t
FlexRay+= TDMA(Time Division Multiple Access)2} FTDMA(Flexible Time division Multiple Access) B4 AREsto] &
&2 0= HolHE ASsHANE HARE T4l B ] wizol] HEDR] & Fa/do] Al A HEo] ARt A} Alojo
ARSEILE B =ERoAE [SO 17458 ¥ET FlexRay AAAY EAE vlEOZ FlexRay?] &2 EE(Protocol), A7 AlE(Time
Hierarchy), WAIA] Z#A(Message Frame), #HFUA 0l AEZH(Communication Controller), 284 A|¥(Conformance

Test)ell ol A48 At
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<2]<o] wt 2RFol| EA=l= ECU(Electronic Control
Unit)9] At 841 t9E A 24 S7Fstal Sk
I8y 7|0 e B4 IEEZE 7MY Hol A
€537 99 LIN(Local Interconnect Network)[1],
CAN(Controller Area Network)[2]9] B4l &= 7}
7+ 19.2kbps, 1Mbpsell Exstal AARE ASS HAS
= 7] 2o HHEHR] 5 ko] F83% BE9
AL Alojolli= 2RtstA] Attt wiizol ARsA; 4HAA|
= =2 34 S0 AR ASS HASE MEE &
Al ZREEZ /ET 2942 WA =St
FlexRay[2]&= BMW, Bosch, Philips 5 tr29 A5
2} AFAA7E A3t FlexRay ZAAAAolA 7Hagh A=
£ B4l 2 EFo|t} FlexRaye F 719 B4 A4S
5ol Z+ A Hd 10Mbps?] £E& HAXE s
9 A S glom, o] 7]E9] CAN ZEEF0| H]
S 10uiyt Wi &folot TR HIAR] Ao TDMA
(Time Division Multiple Access)2} FTDMA(Flexible
Time Division Multiple Access) ¥4& ARgoto] 4
A AEE BASPHAE 88241 HEo] 7Fsoltt
FlexRay+= A& B4 ¥E(Backbone), TFHEH Q1 A
AL Alof, ARA] AAF AJolE BIRRL THSRE =ofof g
AMEETE # 12 FlexRayel o AFFE B4 ZEE

g2 ulwst Zolck

Table 1. Comparison of in—vehicle network protocols.
B 1R SN Z2EZEQ| HlW

Protocol LIN CAN FlexRay
. Soft Hard

Target Peripherals Real-Time Real-Time
. . Backbone
Application Body Chassis Powertrain
Architecture | Single Master | Multi-Master | Multi-Master

e . TDMA/

Arbitration Polling CSMA/NBA FTDMA

Data Rate 19.2 kbps 1 Mbps 10 Mbps
Data Bytes 0-8 Bytes 0-8 Bytes 0-254 Bytes
Wire Single Wire Dual Wire Dual Wire
Channel 1 Channel 1 Channel 2 Channel

H =Roj4%= [SO(International Standard Organiza-
tion)ollA] At ISO 17458 =A®ZF(3]-[7]13} FlexRay
AAAGoNA EH3E FlexRay 14 #4121 Protocol
Specification (PS10[8]), Electrical Physical Layer
Specification (EPL10[9]), Protocol Conformance

Test Specification (PCT10[10]), Bus Guardian
Specification[11]9] W82 HIFOE FlexRay ZZ2E
9| AR Y8 Ayttt 2404+ FlexRay Z2&
Z9] 712 AR, 3= ARE AS, 40l = HAl
A =z, 5FolME ARrUACIA AEEY, 670l

L AP4 A8e e

[I. FlexRay Z2EZ

1. TDMA/FTDMA

TDMAE SH2EE F5ke §4l k=50l Ade
Aoz Faote] ARgdhe Wle Tt B4l A
42 9T e r e AR S £X01°) 5,
=52 SYLHE AT W SHAHY 4 k2o &
FEHT. ke AAOA 28 ARE SXeMT HA
A] a4

>

£ 743 4 ok FTDMAE TDMAS &%
S ZF ¢ s WS BrAloltt, FTDMA 4
oJME &9 Zolg HA|A] Zolof Wy 5oz &

d

il

AHEE 5 AEF gk

FlexRay ZREZL &4, F2 AIHEANN ZZ
TDMA, FTDMA 415 ARgSta] HIARIE St
AAT AR &F DFo| o|FofR= HA AlLHENA]
o] HA]A] S Bl REZA HA ] AHEH
AEE BAs, Bk fdsH ARE &322 d9ske
& ATHECIA ] HAA] HEZ F3) HEHZ 4
2 ARt

FlexRay Z2EZ2 A2 WAl &3 HAZ9] &
& Ao g YA oS 7hss AAIE YESA
e TET & e AR BAE ARSI 9sh
REEA] Abdo] YEQIT 325 Aofsta, 7iE w=tof
=52 Ffof 2ttt WEkA FlexRay ZREES E
A= o] F2Q Hale] thsshr] ofe, V& 2
BAE] 2R RE=E SRV of#es 9 S
AR

2. 3713 4

Al 2] B4l HEQAE Fdsh] HsiAe &
HAEE Aok =EF Alolo] AYUd =29 ARE
57131 o|FojAof 3t} FlexRay EHAHY HE
M e E4T §39Y WAR Zf U FAlste]
S T A A FERERE AT HELA Ale]9]
ARE QA AlbetAY, O QR ST LB AdH
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Time GatewayZHH A7t ARE $AISk 57|38k
EAAE YT 5 Sl

ojrf & 5713} R E YH AT YHE S
5t FYotesE e SYAEE TT-L(Time-
Triggered Local Master) EAEzE ohH, 2~157]9]
713 =5 ARES B7ISE sdcke SEAEE
TT-D(Time-Triggered Local Distributed)2t 3ttt
Time Gateways &9l & 2% S¢|AH 57|36k
= 4%t 29AHE TT-E(Time-Triggered External)
S AEEAL B

3. Architecture of Flexray Node

FlexRay 54l SRIAEE 4ok ke 19 1394 2
o] Host, Communication Controller (CC), Bus
Driver(BD), Bus Guardian(BG)2.& 4%t} FlexRay
9] Host, CC, BD= ZtZF CANQ| ZZANA, EEEH,
EAHO] tf-g5Fq BGe= FlexRayollet &3t

CCi= Host2HE = Ao A5} HAA] HolH&E
SHEE "o g Aesto] BD7F AA| 7] A= Het
3 ST & JLF 5tH, FAlO] BDE &6 AR &
A3 ZpAle] e AEE Host7} loid &= A &

Data N
Config | Communication Controller
N " 'y 2“ a‘
= K=
Sync O |C < o
| s[le 5|5
. R ] 8|3 ol
Host [ . 2 a
Config  L__{Bus Guardian @l |=@
r
CSotn:roI, Signal
{ Status ! (ChA)
< > < Signal
Control L Bus Driver (ChB)
< > y
Fig. 1. FlexRay node architecture.
J3 1. FlexRay =E 7&
' ldie Idle Data_1 Data_0
3.5V+  (Low i
Power)
2.5V
1.5V =

v

Fig. 2. FlexRay physical layer voltage level.
18 2. FlexRay 22| A5 Y 2

th. CCe= BDEh= E84] HA QIEHo|AE S5 AA|
A& viAo] dZ2€9. BD+ ALY =9 4ASE &Y
A AYo g Hgloh= ATS ofH, 4l =94 A
= CC7t AR &= Sl =0 4o HElgith

BD+ 159} 7HMdi A7) 5o gt 9k A
skel7] Qs 18 29F Zo] BP(Bus Plus)2t BM(Bus
Minus)®] F 7§9] HO & o]RojX A& AT ZE w4
= AR&RHt BD7F A HE= B2 A9 BPob
BM9] A2 ot 44 52 5 IDLE AHollA BP2
BMY| A2 2.5veH, & 219 A= glth. High
AEE 53 g BPE= 3.5V, BME 1.5V7F ¥ Low
AeE &S = BP7F 1.5V, BMe] 3.5V7F Hrh
CAN# 2] FlexRay+ High®} Low 41& Afolof 24
/8 A7 glom, ti4lof ZF AfdoA= g ®of s}
wo] keut ARE ASS 5= == sto Hloly w1}
g AR

BG+= Host®} BD9| Hlolg &/541 AAIES &elst
1, A g2 AR £X0lA =27 HolE HEZ
AZSEAY HlolEE $=4l5)
A3 77 sk A

o
O_;I
ol
o,
rir
18
m_orl:
o
ot
T

ll. FlexRay A|Zt AIS

FlexRay ZREZ2 G829 $A4lT AL} ATt &
718kE 9ISt A% #&(Time Hierarchy)E 7HA1L 9l
O Cycle, Segment, Slot, Macrotick, Microtick
gz AlEsted 5 Qo

Cycle2 FlexRay ZZEZOAQ] 7 & A7t T
olty. FlexRay= APIE 7I¥He] B4l& s, &4
FlexRay &4l S2AE= 7~63 AlololA] &5 79] AL
oFZ ALE T4E 4 Utk

Cycle2 tHA] Static, Dynamic, Symbol Window(SW),
Network Idle Time(NIT)Q] 4714 Segment® A&}
g 4 k. BE Cycle2 Static, NIT SegmentS HF
EA] Zg5foF o1, Dynamic, SW Segment:= Con-
figuration< &30 AME FE AEA A8 o SUck
3t CycleZ 19 33} Zo] 47H4] FeiE 7H 4= Stk

Static Segment= ZAHC] LE50] TDMA HH4]
o et HAE HRdks F1teloh A4 ATITHEE
o 1023719] Static Sloto& € 4= 9Jow, 7} Slot
=2 SHAHE S W 7 AE of IEE A
H B 4 Mol I Static Slotol A9 Frame
< B2 & Q.
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Static SegmentS 7-J5k= Static Slot2] Zol= A
g5, Slotoll BA H&E= X Static Frame?| 4
o] JA] FYsltt. mEbA ZF =E+= Static Segment©]|
Al Frame°] A =24 oiFet o= 9loH, ol &
3l FlexRay SSAEE A0k 4 B2 FAlEE
ST AR ZEdEY ARE JRE ol&sl 5718}
AdE L 5 AUtk

Dynamic Segment= Z1¥ 42} Zo] SAH L&
E°| FIDMA Ao wie} HAS HRshe F1telth
Dynamic Segment+= Z|tff 79887§2] MinislotoZ -
A4 4 o, EX MinislotolA] Dynamic Frame©]
AEd A%, NG FrameS A 5 A=F ofF
Minislot®] Dynamic Slot2& St} Dynamic Slot
9] Zol= A3l Frame?] Zolof w2} g4l

Cycle n+1

|Cyclen-1 I Cyclen

Variant A |

Static Segment | |§|eetv¥?,:; |
Variant B | Static Segment Dynamic Segment I';f;‘f'r?;t |
Variant C | Static Segment | Dynamic S ‘l stsllrr:llbo?l:l | Izlr:v'vl'?r;t |
Variant D | Static Segment | VSV}:::;:)::I | I:r(:v'vl'?r:; |

Fig. 3. 4 cycle configurations in FlexRay.
J% 3. FlexRayQ| 47tX| AfO|S HEY

Static Segment | Dynamic SegmentlSymboI Wi ndowl Network Idle Time |

[ar] [As][er]i[e1]; |[A& ][ D1 ]| Ghannela
[A2] [c2] [c3]] [ea Channel B
Static Slot Diynamic Slot  \Mini Slot

Fig. 4. Slot assignment in static and dynamic segment.
J8 4 34 2 SN HOHENNM2 &5 &

channel |[A1] [a3][c1][B1] [ A4 i D1
A .
Channel || A2 c2 |c3 C4
B
Static Slot Dynami(lz',sl':;d't
Macrotick & B2
el [TT - | 1 - 11 '\|| | -
Action Point Action Point
Microtick

Level ””I””

Fig. 5. Time hierarchy in FlexRay.
J2 5. FlexRay®l A2t A=

Static, Dynamic Segment?] &% ZANA Z} ==
= HAIA] BiEof A t9] &% 7RE ®HE el
vSlotCounter &2 YA|ol= FramelDE 7Hl Hlo|g]
7F A=A FRlskal s HlolE 7t AR S52ollA
HAXE AEsHA =t

SWi= ZEEZoA E53 5207 ARE= Symbol
< A5 4 Qe oy SWolld= CAS_MTS
(Collision Avoidance Symbol Media Access Test
Symbol), WUDOP(WakeUp during Operation Pattern)
W 22 Bt i HSo] ESAE 4 Slth

NIT= Cycle ZgollA ofwdt BAIE LojubA] b= +
Ztook. NIT9| o= 7H&o|n, S=7|AH9| 7} Lkt
NIT #tollA At 25 &} HAYAE 2-8sto] 2
2ERle] F718kE @Ak J9 H(~0.3%)= AR §F
AfolZof| EFE= Macrotickd] e A AR
2, NIT9] Z4oJ& Static, Dynamic, SW Segment©] &
FER] k2 Zol9] Macroticke] Hr.

Macrotick 719 59} o] g4l S|AE0] &3 &
= TVt 3Fske 7HY 2R AR ©folt). FlexRay
SPAE 9 LEEE 5YI ARl Macroticko] Ay
SIEE =7|5kE ], Macrotick®] 4ol: 1~6us AR
A D 5 ATk

CCE BAlY FHEE Aol Segment E= Slot
Boundaryoll @74 Macroticke] 7Tt Ao CE
(Communication Flement) A%2 ET|ASK=H|, ©]
Macrotick 44 ZX%& Action Point2} ¥t}

Microtick< CCo] 2A4lgoly S50=25E A3 u}
AEl= AR 2R, 2249 JE =27t 77 714
I e 7FS 22 A7E g9joltt. FlexRay: 5713k
s Macroticks Rtk o A2 ©@9= AlESRRt
Microticke AMEFO2A Bt FJdet 243 575t

£ 7FssH gtk
IV. FlexRay HIAIX] g

FlexRay Z2EZ9] Hlo|g= 2] FH= 1T F= o]
&/AEn T Y2 I9 63 Zo] Header Segment,
Payload Segment, Trailer Segment Al F-&92 1}

= 5 9tk

1. Header Segment(5H}°]|E)
Header Segment= ZH| Y9 A AEES HAl Q)
= FEoZ 1 ol 3 sHIolER 11 E|o] it}
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Header CRC
Covered Area

o

Header Cycle
CRC count Data 0

Data 1

Data 2 Datan| CRC CRC CRC

Payload
II

11 bits

6 bits

0 ... 254 bytes 24 bits

~

ra

FlexRay Frame 5 + (0 ... 254) + 3 bytes

Payload Segment Trailer Segment

Fig. 6. Flex message frame.
J8 6. FlexRay MAIX] T

Header+= Reserved Bit(1H]E), Payload Preamble
Indicator(1¥]E), Null Frame Indicator(1¥]E), Sync
Frame Indicator(1bit), Startup Frame Indicator(l
H|E), Frame ID(11H]E), Payload Length(7H]E),
Header CRC(11H]E), Cycle Count(6GH|E)Z LTt

Reserved bite= 9 TZEZFO] SRR Qo] of|eks]of
Ql= v|ER g4} 0ot} Payload Preamble Indicator
(PPDE ol Z=H Y9] Payload Segment 0] Network
Management Vector(3Z] A1HEO|A ZEE+= T
21U B9 Ei= Message ID(EA AlLTHEO A 2
He ZEde] A9 7F 2] QleA] ofRE YEhd
ot PPI7F 12 A3 =9 4%, Hosti= Payload
Segment®] FlolE UHRE & ZETH Ho[HEHN
AREEF 4 Itk Null Frame Indicator (NFD)E= 3lg
Zdo] Null ZHJRIA] oPdAE YEFH™, Frame©|
Null ZFdY A% 0, ofd A% 19 3= 7ok
Sync Frame Indicator (SyFl) & ald Z#¥o] Sync
Frame?lA] oF-E Uehdich. 7' =7} F-8%F Sync
FrameZ AT 4%, sid ZH 9] ARF FEE CSP
(Clock Synchronization Process) L&A 50| &
= A S5t BARE Alieke o AR o 9L
t}. Startup Frame Indicator(SuFD+= dfig T o]
Startup FrameQlA| o7& yepdict. 78 =7 f&
St Startup Frames 41T 3¢, o ZH U< CSS

(Clock Startup Synchronization Process) E-E©lA]

BA AR A SYAHY BHE LB AIZRE 573kt
= STARTUP ZEA|A0] AREE 4= it

Frame ID&= s Z# o] AEEojoF Sh= Slot=
ZJolgttt. TDMA/FTDMA &4l 48¥61+= Flexray T
FEZOA e Lte= @A SAEY SlotCounter
#3 AA|5k= FramelDE 7H ZE|deh A5 &= Q)
t}. Payload Lengthe= ZH 9] Payload Segment]
Zolg Yedt}t. Payload Length®= 7H|EZ (0FH
12774419] & 7H 4= 9le™, Payload Segment9]
Zol= Payload Length® 2¥ie|tt. Header CRCE
Header®] SyFI, SuFl, Frame ID, Payload Length,
Z 20M]|Eof i3]l CRC(Cyclic Redundancy Code) ¢
AR =345t Z3to|tt. Header CRC= CCollA] Alilst
A| %31 HostollA AlitE]o] MgH k= ARESHY CRC
oigRAlat 27181 Wy g2 4] (1)1} 2t} Cycle Count
= LT ZEQJo] HEE uf, MAC(Media Access
Control) ®E°| 7FA|1L Q1= CycleCounter?] #F2 L+
Epdth. MAC E&2 T892 Assembled @ Header
9] Cycle CountE @A ==9] CycleCounter o=

4
Gla)=alt+ 2+ 28+ 2"+ 22 +1 )]

(2713} HE: 0x014)
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2. Payload Segment(0~2545}°|E)

Payload Segmenti= ZF| A4 AFste= AA H
oJE}E "l Sl& F-Eolt}. Payload Segment®] Z0|
+= Header9 Payload Length®] 2812, A4 A ot
9 vpolEE 7HAY, O(Null Frame)¥-E| &t 254H}o]
EZHA]9] HlolgE ZgT 4= QUtt

3. Trailer(3 Byte)

Trailer Segment:= Header?} Payload Segment®]

= HIE(~257H0|E)o]l tis CRC A4ks 433t 2
= Al = FEolt}. Frame CRCE AXEE CColl
Al o]FojAdt.  CODEC(Coding-Decoding) &2
MACO.Z2HE H%5l#= Frame vIF Frames AR
o} CRCE ARt CRC tigHAlat 2718} WE g2
A (22 2t

Glz) =2 +22+ 220+ 2 + 2% + 2"+ 21 + 2
T o L S L P L I Ry |

Gg A9l =713} 9H : 0xFEDCBA)
(g B9 z7]5} ¥E : 0x ABCDEF)

V. FlexRay HRLIAIO|M ZHEEZ
Flexray CC(Communication Controller)y= 13 73+
o] 859 o REZ FAEH Controller Host
Interface(CHD)E A|2Jst UHA] 7£9] ®E, = Protocol

Operation Control(POC), Media Access Control

To/From Host

It

-

L ]

To/From Channel Interface

Fig. 7. FlexRay communication controller.
12 7. FlexRay HFLAOIM HEER

(MAC_A, MAC_B), Coding and Decoding(CODEC_A,
CODEC_B), Frame and Symbol Processing (FSP_A,
FSP_B), Clock Synchronization Startup Process
(CSS_A, CSS_B), Clock Synchronization Process(CSP)
£ PE(Protocol Engine)& -23it}.

Host

l

| Host Processor Interface

A A Y

y \ 4 v

Message Message

Configuration || Control || status. ||Message || Bufter || Bufter
Dgt Dat Dat Buffers || Configuration Status

ata ata ata Data Data

| | ! i

| Protocol Engine Interface |

Protocol Engine

Fig. 8. FlexRay communication host interface.
O3 8. FlexRay ARLIAOME SAE QIE{HO|A

1. Controller Host Interface(CHI)

CHI= Host@} PE Alo]9] Hlofe] wehe Hgohs &
E°|th. Hosti= PEAIA Y HHE WAY Ao
4 eH, Al Host:= CHIZ otold ARl S
PEC] A4d3t P4 o2 ALstes it} uRI7IX|E PE
JA] AF419] Status FE-Z 2H Hostoll AT 4= glo
o, tj4l PEQ] 7+ mE2 #}419] Status DataE CHIC
&Sk, CHIE= ol oA AES F4os Helsto
Hostol] HgsiA =t

CHIE= 93] wg} Protocol Data Interface®}t
Message Data Interface®Z Wt Protocol Data
Interface= Host@} PE7} T2 EZO|A FA45H= 14
92 Protocol Datag 18-S 4= =5 3t Host=
CHI WH-9 Protocol Configuration Data Register®]|
Writedlo] PE7} ¥ok= ti&2 52&5He= Configuration
o1, Host”} CHI 59| Protocol Control Register©]]
WritesPd CHIZ} 710 w2 &3t CHI CommandE
POC(Protocol Operation Control)o] Z<sl= 14
o2 PEQ] &2& Aojgitt. E3t PEQ] ZF g2 A4l
9] Status JEE CHIO| ¥8]1, CHI= °o]& 4lsto]
Protocol Status Data Registero] A3 ¥ T2 &F
o 74% FAHZ Hostol] &2]A Hrt

CHI®] Message Data Interfacex= Host?} PE7}
ZEZA 4ok WA 22 Message Datas FaiF
= & UL 3k CCPt AR HAIAE &/54lsHoF oF
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EA]0) gt HRE Communication Slot Assignment
2}l Sk=d, Hoste ZF = CHI W59 Message
Buffer Configuration Register®] Writedto] dE=
Slot AssignmentE <33t} T3+ Host= Message
buffer Register®l| $41%/5=418t Frame Datag A%
Sto] Hostet PE7F a2 4= QIE= oFH, 5418/
Ago= FAH ZF HAIA] Huo] Higt Slot Status 78
= ARt

2., Protocol Operation Control(POC)

POC= PEY ZAIFQl &4 Alofok= ZEolth
Flexray T2EZF9] 522 I/ 4714 HY ZRAMAZ
o] & o= =T, Flexray S2{AF A S4lo] X3
E ufj /¥ ==29] PEE= Coding and Decoding, Media
Access Control, Frame and Symbol Processing,
Clock Synchronization®] 4714 Z2AAE HHEZ O
2 93t} o|nf POCe CHIZRH #H&¥k= CHI
Command®} ZHi19] @A e HH, B HEs25E
$AHER= Signalo] W, PEQ] SHY ®E<91 MAC, FSP,
CODEC, CSS, CSP, MTG&Z &t SDL signal¥}
DataE EuWjo] PEOIA 9 4714 wiAYEo] B34
o7 FYHLE

POCE= S4lo] A& of WUP(Symbol)< &5t
Adof| AZ2H s =E2] BD7F AXE HEojx &4
HEg Aol gttt o] WAKEUP ZEAAe) 3
o CC= & Hiof shte] AdofAgt WAKEUPS 43
o 4 QUok

3. Media Access Control(MAC_A, MAC_B)

MAC CC7} 559 CE(Static Frame, Dynamic
Frame, CAS_MTS, WUP, WUDOP)E £H}Z Elo]7y
o HESIeE Aofohk= IS ek MACZ MTGER
E] A% MacrotickS 7[HEo2 F&el=t], MAC2
Macrotick 4122} 71 9 g HESEHE $4lske
o] 455 B9l 4 SHAENA S4lo] XY 2
A o7 Z#AHY Global Time(Cycle Counter,
Segment, Slot Counter, Macrotick Counter Zb)&
& 4= Atk MACE o] JEES v o s CODECOIA
CE H&5Z EfASH=: 4S8 &4 Ao dsto=
# CC7} CE AsS Al&sHA gt

Zr =+ Static/Dynamic Segmentol4] @A MAC
o] 7IA]1 Y= SlotCounter #F LA|5F= Frame ID

£ 7 mZHddRt A5 5 Utk MACE Static/

Dynamic Segment®] Z} Slot Boundary©ll4], CHIC]
Memory buffero] @A SlotCounter} YA|ok=
Frame IDE 7}zl AS ©lole|7} EAsk=A] SRIgtt
H o] 2AE P=5= Data’t Jthd o|E vICHI ++
AR $AoF vIFR Assembledt F, ©& Slot9]
Action Pointo] 9% CODECO] #&3roz2H T
A4S Triggerdttt.

SWolAlE CAS_MTS, WUDOP(Symbol)gt #3t
4 Qltt. MACE 1 Cycle®] SW Segmentoll4] CHIZ
He 23 CAS_MTS, WUDOP % ojyg AAshe=
ATE FAlekal, SWel Action Point Ao 9
CODEC®]| Symbol A% Triggerdttt. olof Hlojod
NITOA= BE CE Z&o] A"

4. Coding and Decoding(CODEC_A, CODEC_B)

CODECZ &g A< BDo 2 AZd=o] TxD,
TxEN 435 HUI RxD AleE A5 REO|C
CODECZ &<+l glolEof gt QT Y /HFd= 3
5= CODEC ZEAA Qo%, Bit Strobing@} WUP
Decoding Z2A|AE FFck= 2709 sh9 HEE<
BITSTRB 2E¥} WUPDEC 2ES 7FAaL Qlth

CODEC2 MACO| CE &g Triggerstd MACLZ
HE ZH$HES Frame Data T+ SymbolS € HIE
AEYO = W] BDE A3t o] o HE9] A
S 93 CODECL Frame Data®]l TSS, FSS, BSS, FES
59 B4 8AE VIR s adste] As3lct.

Flexray Z2EZO|A F4lo] o]FojR1L 7] ok
o A= High AJejoltt. #p4lo] CEE A&stal A
&1 Ado] 95 AEd wf RxDOA Low7l A=
CODECZ &4lo] AIRESS QIAstL HIEAETY
AT OFYS AIRRIE

RXDE &3l A1E BIEAER = of2] 74| 8912
2 QIgE AL} o] 27} It o] Qirt, HEAEROR
HE CEE 2424 "adgsl| foiies HIEAEYS
A5 AEF tAE HlolE= E-sfof sl=t °l&
Bit Strobinge]g} gt} CODECY] 3+¢] X% BITSTRB
£ Bit Strobing Z2AIAE HHRItt. CODECY] Z&
Decoding ¥ ZZAAE= A5 HloJH 48 RxD
#HZ I= ARESks Aol ofdel BITSTRB Z=AA
oA MEF I Voting windowS #A o|ZZE A|A
3t Data %= ARSSITH

CODEC®] 31¢] ZE WUPDECS @A wAofA
WAKEUP Z2A|A0] B CE7F ASE I lEA] 7
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earliest point in time for all
nodes to leave startup

| | | ] | | |
- -
:;:sll’:a:mde ESS ready a;::;'ﬁn coldstart collision resolution m%?ednbs?m normal active
sdcr:ldzle no schedule cycle 0 f cycle 1 [ cycle 2 | cycle 3 | cycle 4 [ cycle 5 | cycle 6 | cycle 7 [ cydeB |
:::s‘gmde ;gtg ready I C:Iistehlrann si;‘“;%ﬁ;I imegramtdmn ] coldstart join ] normal active
Nodae C POC o initialize X | Y normal
stale ready Iin.tegrauon listen schedule integration consistency check |__active _
CAS| S S S S S8 SS S8 88 S8
channo 1 1 1 O e S e {0 e D 18 Ale[el
CAS S S
Legend [I : CAS symbol : startup frame of node A :slanup frame of node B : frame of node C

Fig. 9. Example: STARTUP process in TT-D Cluster.
a8 9. GilAl: TT-D SHAHUAMS| AEEY DZAA

Alstal olE tiigst=t], °]& WUP Decodingelzt
Qht}. WUPDECE 841 A2F A S22 AE 9] WAKEUP
IZZANA Fof| AEE= WUP Symbol E= 41 X8
% 4 719 SWellA &= WUDOP Symbol&
Azl ol& tyyEFdstal, Symbole] HYIGEISS

e

== g

CODEC2 ZHUE tZgst F¢ FAIgH ZH Yo
gt JEE vRE 2A] Hol CSSet FSPE H:s}

o, WUPE $:415F 4<% POCO], WUDOPE $=A15H 4
2 FSPofl, CAS_MTSE 4415t 9 POCS} FSPo 3l

Z Symbol& FAIFTH= A5 A3t

5. Frame and Symbol Processing(FSP_A, FSP_B)
FSP+= CODECe| s#4Igt CE7} AlZF o, Exizo
2 ZHEA] HAlels EEolth FSP= tE BEolA &
g3t oIEZ} AT 9o s oHIEZF WARITk=
A5 $AIBHH, TS MACOZHE 1l Segment, Slot
Boundary"ttt 3f3 Signal¥} Cycle/Slot Counter #r<
FAlsto] AR o] ARF AHE FS3IIT) ol B
O = FSP&= AdolA &/5AIEAL = 2 CEoll tish
ZE2EZHO0F SHIE AIZH] $AEE=A] FAR
T 7IF CODECO] Frames FAIGE 749, $4I8H
vRF F2A°] tis] F7F4Q1 Syntax AARE 35t

A AIE vSS FEAO] "ol CHIZ Ad9to=H
Hostoll $=415F Zg}lo] gt JEE Al5sHA ot o]
W Timing Error, Syntax Error’} §l& CEES &gt
CE=kal sttt

6. Clock Synchronization Startup Process
(CSS_A, CSS_B)

CSS= STARTUP ZRAIAE Fdoh= HEolth
Flexray = TDMA B41& A|Hst7| sl A5 4
AlZE o SAE9 BE LT ALY A 43S
z718Fskal AFA19] Local Al7EE S21AHQ] Global A
7ol &713k5k= A< 3%t ol& STARTUP Z=2
AlAet gk

STARTUP ZEA|A ARPA] $35= A S8
E|7} et 5713 WA(TT-D, TT-L, TT-B)#, g
L7t SYAEOA EEAHE LEQIA] AR kEQI
Aof| et th=n) £ =EollA= 119" 99+ Zo] TT-D
5718} WAE AMESk= SUAE 9] STARTUP ZLEA|
AE AR Fo] ATt

TT-D E2AHA Trt SEAHE LTtYU HL
L= oA FAlo] XY FAA FiRl AlRE 53t
A, ZdoA ofE B4 HA|EX koW CAS
SymbolZ& A&7ttt 2e /E SEAEE 571 CAS
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Symbol& AESHANE, A 43710 44 o she] =&
9t CAS SymbolZ AEsHA =t o] i A& CAS
Symbol& HESH| He= LEE A3 SEARE k&
2}l gk

TT-D E2|AHA SEABE RES2 APA] A4
ko] 3173t KeySlotIDE 178 2= Configuration®
o Ay FEABE kT A 4 F7|91A Frame
Header®] SuFl7} 12 #7]% Startup Frame& AHAl
9] KeySlotID?} ¥AJst= Static Slotof|A] HE3itt. o]
FrameE9] A7t JHE 7|0 " §8 FEABE &
=°] I o2 4571914 Startup Frames Z&olHA|
SEAE F718EA HY, BE FEABRE L TE0|
718k mpxeto 2 ohE UEt lTE0| 573k
202 STARTUP Z2A|A7F $PEct.

8Ao|Zol|l A4 STARTUP Z2A|A7} GgHo= F
259 E8AH9 2E =7 POC= POC: Normal
Active StateZ ZIYsHA =il CE 5412 AFE 5
UA =t

7, Clock Synchronization Process(CSP)

CSP= 78 =&9] Local Timed} S AE Q] Global
Time Afo|9] Aol SA45I, 25 57|13k #%t 2
At BAYAE Aklsl= HEo|t

SYAHE ok LEE F Sync =E= YA
B A4 5713 Z2AAE 35| {1, Headerd]
SyFI7} 12 #7]9 Sync Frame& A3ttt o]sth
Sync Frame Static Segment®] KeySlot oA A
54 & W "o, E84H9 BE =5 2 Sync
FrameE0°] AIE|Ql0foF Sh= AlZH AARE A1 A
7k Alole] AlolE 4T 4= Utk

CSPe= A% &4 5 o418 & Sync Frame®] AIZF
BEE AT 5 = HolE= WAt o 72+ 29
AEE HE Sync Frame©] tis] of 7]uict dukEo]
Azt QA7F WARP=AIE 57330 ElolEo] A3ttt

CSPi= ©] HolE&9] ARt FHE 7|5tog uff Afo]
ujc} Zp4lo] =7g8fjoF k= Offset 22 BAZA|E, o
< Cyclenttt Rate 2&F HAR|E AAFE 4= 9loH,
ARt @2} HAPRE MTGOA ASect. 2t @4 A~

L oA 2~
‘C’E:*r‘%_]"l‘ 9}\‘:]'

o iy

=

8. MacroTick Generation(MTG)
MTGE "132E& Aok otk MTGE POC,
CSS, CSPEEE AISE Hlo} Macrotick AL AZ+

Upper Tester

F 3
A 4

[ Y

IUT
\ \ 4
Test
CcC Coordination
Procedure

v

& »

Lower Tester [+

Fig. 10. Test architecture in ISO/IEC 9646-1.
& 10. ISO/IEC 9646-12] HIAE O [ElX

ShH, CSPolA] AAtE0] $=418F Offset / Rate 22 B
BAE FAlor A=Y A4 F7]0f ¥t
Offset 22} BHAGA]= uf = Cycle®] NIT Segment
oA Hrgd=H, Rate Q& BEAA|= f #<= Cycle A
o A3 WFErt. MTGoA EAZAE A8l AFdgk =
A=EE MACC = o], MACO] M=Z=E THeiolA
2412 Timing®l| CE A5 EFAT 4 JEE i}

VI. FlexRay X&Hd A&

FlexRay Z2EZO] HZ2 FlexRay FAAYGOlA
9 34 HgA Al¥(Conformance Test) #4111
PCT10[10]9] W&-& vpgos ity PCT102 AARH
CC7t 34 o] wet S8l2A S&bet=A A55H]
3F Aol

IZR2EF H3S2 19 1032 o] ISO/IEC 9646-1[12]
HFE WEE Test Architecture stolA €t 1
2 1094 Upper Tester(UT)= FlexRay CHIO| 24
=1, Lower Tester(LT)= BDoj dZ2%c} CC AZSLS
AlEElold 9 FPGA ¥4 27 38 4= 9loH,
ok=9] Test Vectorg &9l +@% 74 A=golA CC
7h SHIEA A=Al 2 Case BE A5

PCT102 Z} Test CaseE 53l 47F4] SegmentOllA]
CE &pAlo] ZHI2A| o]f0fA|:=4], Host7} CHIE =
H}27| Configuration@ 4 J&XA], POC2] Zt Stateo|
A AE E% CHI Commandol sl 2424 52t
Sk=A], HIAA] HEE Yol 2 44T 5= U=A, &
£ 5713} mEAA7E SHtEA $9EE=A], WAKEUP/
STARTUP ZgAIA7L ZHIEA $3=E=A 58 35
5 A== FAE] Sl
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vi. 22
B =RoAe 1% AATE ARF B4l Z2EER]
FlexRay©l tfsf = % he, Az AS, HAIA] e

o ARA A=, 20 -

_,,i,.o}o:] ﬁ:rLX}EO] 0131?— A E =Fo
FlexRayE #4otal A
Hrct
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