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S ko] SlofAl, Tt 2ol 107H4] /i o] 9let.?
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(Upstream proc:

Strain development Fermentation

ess) (Midstream process)

T2 7. N A THAF 25t H2F (Lee et al., 2015, Nature Biotechnology OflA 7%

Separation & purification
(Downstream process)

for a non-native bioproduct

b (‘Seleciton of a microbial host B Use of effective, cheap and

easily obtainable carbon sources

Construction of a biosynthetic pathway and chemically defined

minimal medium

Use of effective, cheap and
easily obtainable carbon sources
and chemically defined

minimal medium

Improvement of self-tolerance Optimization of culture conditions and Minimization of byproducts
against a bioproduct feedting strategies
. Optimization of culture condition
Removal of negative i of batch (low pH)
and fed-batch cultures
Flux rerouting for cofactor A
and precursor optimization Evaluation of production performance
Optimization of metabollc ﬂuxes Scale-up of bioreactors
through relevant pathways

: Use of high-throughput tools Iterative design and construction of strains
for systems-level metabolic analysis

Aol A AF3t AjAH giabget Age 2ste] FYdte e ZFEHE A (Corynebacterium
glutamicum) #5014 L-arginine HaF AJAFSH Algl&= ofd] Z1&of| A ZA5] &olg &= Qlr} (1 8),

T2 8, A AH| THARESE M2FS 25! [ -arginine CHEFAMAL F2|HEHH2|S 73 71

Glucose
a b (and sucrose for AR4, ARS and ARS strains)

o @b Pu B i ope >

5. Knockouts of argR and farR pgi | (ATG -+ GTG)

~

Strategy 1 Strategy 5

Selection of
abioproduct

Removal of negal

e
requiatory circuits

1. L-arginine

Strategy 2

Strategy 6

6.0 lation of pgi
Flux rerouting for 9. Deletion of Ncgl1221
cofactor and/or

precursor optimization

Selection of
ahost strain

Glycolysis

~
[argc arg M argB argD){ are)

(G166C — C166G)

2. Corynebacterium glutamicum
ATCC 21831 (AR0) Strategy 7 &8

of PPP genes

7.0
rmunlanmnng L Gaaol et
o ol I 0. Removal of the point mutafion

and culture cunumﬂn
(G166C) in argF e
11. Overexpression of carAB
d

12. Overexpression of argGH

Native
producer?

Strategy 3

Fed-batch cultures
for each constructed strain

System-wide analysi 219

- L-Arginine
13. Microarray and real-time PCR analyses biosynthetic
pathway

Strategy 4

Production
optimal?

(Step 12)

c ™ 16
(Step 6) (Step 11)

Improving product | 2. Random mutagenesis
tolerance with L-arginine analogs.

£
E
(Step 8) 2
80
I 12 &
Strategy 10 E} (Step 5) (Step 7) H
Scale-up and 5 % g
. Genome analysis of up s 2 08 3
St 4
the evolved strain bioprocess § 40 {Step4) E
4. Genome sequencing 14. Fed-batch culture H % 04 &
Point mutations introduced in L-arginine biosynthetic pathway using a large-scale (1,500 L) bioreactor 8 )
argF(G166C), argR(DB7G), carB(T10851) )
0 [
]
£

AR ARZ AR3 AR4 AR ARS ARG
Engineered strains
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(a) L-arginine A #55 7do7] A%t Z2AA. F 107H4] ALE tiARSeE A 5 A 38
o] AtolA= 1A ATt (b) ()l A HoARl AAE tARSSE A A0 whebA] FHAF 22
efujEte g F59 A AE X A BAE AL 24" vheE Uee, X glo] A
U A5 wdo] ofgF 24d §E-E 7t (o) WA Bof 2&d FYyEtd e
L-arginine®] BAtEE, & 9 YA, ol 4= BT 5 28 AENHS7IE o83 f7H4] Hief (fed-
batch fermentation) 2258 @& Atoltt. 7] ()2 (b)oll EAIE AAF thakgste] 7t @A o
Fohe (0049 At 27 4% 2= #AHOT Itk AR, AR2, AR3 % AR4 o5& ZE=3U2
S4U0% AFEH WhH, AR4*, AR5 % ARG = EEGT AR} FA0 EEHIT. (o)A
0 9d 2z F2 9 2 Ee 4 45 e £E2 YEdh kd tololEES 9le
A e 7 fF2HEH Y2 L-arginined] AJ4AH3S YERATE PPP, pentose phosphate pathway;
akg, e-ketoglutarate; arg, L-arginine; citr, L-citrulline; f6p, D-fructose 6-phosphate; gbp,
L-glucose 6-phosphate; gln, L-glutamine; glu, L-glutamate (Lee et al., 2015, Nature Biotechnology 4
2E2).
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OJYE CHARS SIS CHEXQI A AL S

1) 0| 413 crm

20124 33 WEeol YHE WEF AL AL FF Av] 1208 sl RE e gUFL B
42 WE 42 YRS Anel AAH 047t Helt (12 o0, 7] 42 SRS JAH 0T EAfst
EMEAY A2 HREA FEAT 7h WA ZART BN 4o 94 E3 1S Hold 208 LA
9108, B3 DuPont A4 e 1742 T4 H99 AZeHKevlanol 45 3= B7hE3 ek
Az QAN ARG S 0714 gk AR 53] WRe] $48 BT o] 7RsstaL

%< David kaplan 2H2 Av] A3 @do] FHAE 24T = =S HIAA B4 dHEE
VS

g
ARt DNAS WEAA FA% AGH2AY AL 7Hs 4% Holg o2 1 857t e B35l
alh (22 9B).
Avle F 77H 9] T AnlEs AR 4= oL, TSl A stk €22 major ampullate
AF7t 7P $5 21 itk Major ampullate A3(MaSp1,2)& 2F 3,500719] opv] iAo 2 S48
dd s geidat Fe4lo] FHOR RHEE E4 il do|tt, o] F 7j9f ofu]inAt] HHE O 2 Qls] Aw]
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AF7F 7L Qe B B A9 AEE 9 £ Qe Aot getd ofn| iAo 2 o]FolX] BhE F7k2
=2 QDTS Hol i Al vhE 77k e E S HA st Av] A3 o) oisk Y4k
A= 19969 FXJof AEZA(Pichia pastoris)ollA 663 mg/LE AFASHAA AIZEQLE=H], i<t
AE, o, 121 F9F G4 T of ] AEA A AYito] AlLE oLt &2 379} n]=F] At 131,
gk A7) e gwolAl Avl AAst AF S JAT T7IHA AR 4.24) HojR)= Ao yepdtt!

E3t, BHK (baby hamster kidney) A|ZJAE A4S A st ott BN AL 88 et
A& 44 TES Zo] A ARloIA AREBl7] fsiAE BT Aate] BAoAT AvE Higes
ARgote A2 An Y 244Q0 542z s AHA; =7k ottt o obyEt A2 o] =R
ZfAnEo] EAQ} WHEAQl HEE Qg A4 XY, 1T 92 %> mRNA"Y 27444 LR E
A st An] A T ato] ool i, Al An] A4 o) o] g o]ojA
oot g o) ik et ":’}74]7} ATt olet AE SEIIAL A 2719 Av] A4 EHAS
ool Al ARt A7k s Aol o) BauEgich’ ARy dEHdR £4& B9 ol Y
LEHA A R e g ?l?: O=2H ol o R FE4l t(RNA T A|Z W9 f44 5%
2 =24l (RNA" 9] A Alsto] F 1.8 g/Lo] S A AAksiet (32 oC.D).

EOE dFES 2 guEo] 2534 § F4o7t A 5~10871A] Ao e EA4E
o]-gsto] ojo}t TAE FHAE Aol A HHAA An] A3} FAR HRE T FFotgct
1079] FEefo] =7} 308 HHEE| o] R3] aneroin T &S iAo A AJAksEaL o] Ru(ll) (bpy)y &
ZWj2 o= Flshast ¥h3-& B3] dityrosine cross-linking” & BATOEH aneroin T3
sto|=2 g ST olEA /il Tl stolEe A2 A0 ARl A543 A MM e ddi=
ZHEA = W42 7= Aol E4olt.

iv_ 8f Q0] A= DNA R HEE oi=ot0] MEH ot] 2|2&0| MEok= RNAY| oiLt. DNA2| G FHE= mRNAX MAIEC 244
mRNAY| &7} &

v_ HEE R PE0IA 22t ZE(MRNAS] RTLS)0 S 0| its 286 2= RNA

vi_ AR A AJO], CHEEDL SHAL ARO], TEi= DNA 23 715 MO| SO0IM SRAT(27HL] 2Rt 710] & 74 MRS SR311L = HENO]




C 0j2Ho] MR8t MRIS THFIE AAE (HALES} 7|2

%mi EH 2|.: 7.||:|| H|._H|0|H°| ‘l}or

T2 9. 40| AT TR (A) 32 0] 12001012 2EE S A2 0|%8f01 o
. (C) RO R 7O ATTHE MALS OISt [HAIE|2

Andrew Purcell, NewScientist). (B) 0| 439 2%
2F. (D) WD CERE MAE 7{0] 43 Hhe,

MEDIUM

i CYTOPLASM
3-phosphoglycerate )
serA

serC!
Serine Cysteine

C1 moiety. gevi THP

Glycine C1 moiety JRUAIEIIEY
Silk protein
glycyl -RNA synthesis
tRNASY

2) HIO|2 Of|LX|

H}o] @ ofuf ] = HEo] @ o, Hlo]Q ©3leAr, Ho]Q kA, HE] T o] QlT} (T2 104). HIO|Q
o2} o] LR HER HEF = vole 22 FTRo} vt |etE, FH7F 59 A= dee
7HAAL Q7] el 7HEd AR diAlste] I 2 AR < e Aol Atk Hlol e "elkeae A A
AR2A, A7|gket EAtelsA, vidE A71Es), el 2y Ve e 53 22 dEsT
sk 29 342 S Addn volL 7kAE 2 HR(CHY) A} ol Aeh2(CO,)Z /3o
I, gut 2)7], Ag, Q& 42 R gEollt A THE H AR SEEHL e
< SAEH) vto] @ 7hAo] i, FAZEAY] thAA| 2 Zgar Qe vho] @ T2 Bfok E/4do] frAtsiLt
T E40] Hof o] A thAA| 2 Zgutar Qi
o] 2 o| ] FoA 71 Akeel "ol AAkE 9t A7t vlEolA wol A Hof gt 73k

ol

X0 R
O

oM, M

22} 7]go] o Fo His) & FHE0 AoH dAb g Al S0 & AFHA e
gl A AR AL oD o AH) BAR 200990] A& BEATE® £ A4 Hio] QT Aa}
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FARRE AAE o o AE(Fro]AZ2HA)0] 2 E whEolfied I FHAEY AolHEYA
I R2]A(Zymomonas mobilis) #5F9] pyruvate decarboxylase(pdc) % alcohol dehydrogenase
B(adhB)& =ste] 27|ui P eioflA ofehe2 AGAI71AL T thE < GAARR] otA | EdLE H Y e
(Acinetobacter baylyi) #59] wax-dgaT +AAY] =Y} S AHoleic acid)E W49 H71E 53
A B ofgtZo] o AH 2 WSS AA A4 oE o AH7F AHEHEE AR =S AEASH
At olFA AlAd Axgt TS EEFORRE oF 1.28 g/Lo] AFAt o o AH7F BAEIN,
g8l ANYY] HEE +YPHAS W, o 19 g/LY AFAL olF o AETF BAE E THE
AFfM e 2=T A A7Hee Ho| QujAQl AE 39 GorRE ity T2 A4k
F7H 08 FHotA] il A4 ofE o AHE AAtel=d AEotdith. F9 A4 F5 il
g9 thioesterase(tesA) FHAAE FLAAAA AAto] AEo] HFOE YAEHEE 5al
oA AE AHAto] A EA| FEE p-ARIEEg ol o= fade FAAE ZAAT| L, e BHEE
A=A FLE fadD FAA HolAE =Yt oA AFH 3] A A+ 5LsHA pdc,
adhB 9} wax-dgaT FAE A =Ustgih 3712, AR A4k o o A89] SE7HA| 2202 M,
A 5= 674 mg/L AT4t oE oAHE PO R RE PAetgltt. o|FA AXE #FE
ojflol= Zrgo] ofd AU ©AYCE AT & ULE 7] s, 2719 < FAARL
ZZAETE AHEFoo|E(Clostridium stercoainum) #F9 xynl10B A9} Hrg 2ol=
QHFEA(Bacteoides ovatus) 779 xsa RS EYote] Y osmY AR A HAAT] &
2% ALHE 0] 835o] 11.6 mg/LY A4 ofE o AHZE AT (Steen et al., 2010, Nature).
Aol Ao d7Halkale)ne) AAF GA] H1E ]t} Alok-Bre]gloHcyanobacteria)?] €7+ A3
AR ZE ZotA 11 S|Z2ujo] EAohe A4 iAEE S Yo R AEA7|=d Hofshs + a4
(aldehyde decarbonylase(Adc), acyl-ACP 2+ &4)5 433t FARE A+l EY ot
B oZH o]zt o2 &3 47HC13, C15, C17)2 0.3 g/L AR 4= YSich ! FZol&, haFst
Zolo] kg BAts7] AeiA AAE Al A WA dA o 2t digt AA9] FabHE 34 240]
g =& 12FBacillus subtilis) #32] FabH2Z tjA|5te] gk A HYE Sojgto 24 C13,
C15, C173} g 0] C14, C16 L77HA] AAtstgiet.”

1 Ak Beleadks 2 7RIS dAE 5 Y B2 ARE(C4-Cl12) Balpas AAlshs Hlole
T2 ojg] o] 3t} 11 olfr= ulEo] 159 AlxH 9 Al PR R ARESH] oA Ao R

©

ofr
rir

|

N ok

o

d

1o
BASHE AaE0] Zol7t C14-C189] sl Q7] Wiolch Weby Be At Hskeas A4
JANE B AL AR D T SEAS BAsHE Aol AREolof Fth A& Bolk Aol

A APz s 2AH. A4t A ADA M= acetyl-coA”t 7HEAS}E 0} A]
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malonyl-CoA7} AFATE 1L, acetyl-coA2t malonyl-coA7} ketoacyl @440 oJa) &3tEHA 4709
Et4E ZH= B-ketoacyl-ACP9l acetoacetyl-ACP (C4 acyl-ACP)7} AJAHt}. o] acetoacetyl-ACPE=
T T2 malonyl-CoA%} &&= HA malonyl-CoAS] B2Y 150 & 3719 &4 F 2707 A4t
Abgo Hsfidlol wet 270 s 2719 ©AE T 2= C6 acyl-ACPE SHE T o|A4d, <
APAFB ZE AAH acyl-ACP 2719] ©47F Solual o] #Ajo] AL 02 WHEEH B4 Sasutg
ZojAl= 71 Zol9] gto] A/H . AAA o EAch= A AR A Y] tlFE B4l HaaE Fof itk

2 IEE Ao B2 ketoacyl F4 8AE F&ASH9] acyl-ACPO] &t il
SE50ZH FL A ©oleA S IF AXSIATED BoF S0 Ba LolE Zhe B2 AR AWARE
BAe7] QIaiA gag7t E4+91 ZE 324K propionic acid, 3719 HAE A5)S 71AE ARESHAY
propionyl-CoA A4 4= =45t BAW propionyl-CoA F=7} O =% sto] A4 At
2719 acetyl-coA HA19] propionyl-CoA7} #oiste 2 tAIS| 2 & A 51"

E OE dFoM e B2 ARE(CO-C12)E 4% €72 580.8 mg/L AJAtoh= i+ EH%E
shoAch (72 108). 1 A 7hFs] afskE, WA APA B HAE S5 YA AHA S
Adfsl= 845(fadE, fadRyE 2AAZ|IL FXA7]= 84(FabH) ] A4S A7t 181
BE AARE Eoficte 84(fadE)E AlASHY tidato] A2 AUA YO E ARESH= As 9SIT
gaa7t 16719 2ol 71 AE9 acyl-ACP W& AlAte 2 #2384 Sl TesA 849 +25 HPAIA
SA7F 22 acyl-ACPE AAICZ £ 4 I GARISHIA, FadD 845 &3 A4S
AL acyl-coAR ABAIZT. 71800l = WAL acyl-coA AEY] AWARE: FE5to] n|YE Hhojl A
F7H57S AABIALY, of2fet 34 §lo] A4S fsiA & Aol A= A4 acyl-coA oA
7HER 0 R AR E = AEE AUl M=ol AAste] =yl 71 HelA acr(acyl-CoA
reductase), CER1(fatty aldehyde decarbonylase) 2719 9= FHAE 2&3) gidto] 22 Aol
acr B AH4AF oF-CoAE SA7]=H, o] oF-CoA7l SHIEH CoAw w25 L, A4t opdl
gesto] =& vt CER1EZ AFAE dE|sto] =04 dEsto| =715 Hojul= &40]al, o] &3
7HER 0 R HF MgolA .

1 8ol oiA] =9 A A7 APt E-H ZH(Monoterpene)> 10719 Ba4E Z2t=
ofo] AL o]=0]n geranyl pyrophosphate(GPP)Z5-E S ¥ th GPP= GPP ¢4 &40 93]
5etA ©FA &, Isopentenyl pyrophosphate(IPP) T+ dimethylallyl pyrophosphate(DMAPP)
T+ 249 352 F9) BAE, AdH GPPe olojA HiH2H T4 84 od] HrHEHOR
Attt HirE 20 A AF A7H| Be I EA ARSE QAT 2 tiA AREA 9 74l
0 oLE B3 ZE Q). ot Aol W2 W myrcened limonene?] YA 21 2,6-dimethyloctaned}

L=
A =

a7F AFHE &5

1

T

¢
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1-isopropyl-4-methylcyclohexane 7]&9] A9 A7 EAH £2 A5 HY 4 Yot P ®

2 AFof|AE, 318t Zuff vk3-0 2 AAE camphene, pinene, limonene® Z-2 129 R 24
ol&A 9]  39.5 MJ/L AHELFE HA0 2N 5e AR A 7S A
AmyrisAbe 74 AE9] Aulo] g 2H JEA]91 AMJ-7000|2H= Hlo] @ AE AR (bio-jet fue)S
A-goto] AlFHIHE 33t HF AATHURL: hitp://www.amyris.com). ©]9} 22 Hl-H2ZH | 953
7P o E e, it ol8sto| RiegEHS AAibelr] §3t ERHEZ 7Esh] As] B2 A7t
AP Qlovt, B4k ofl wr[siet, AAZ HheE]otoA o] Ri-g 2 A2 20039 Ha=tol
S. cerevisiae2] mevalonate HAHS] 20 Thojsl= GARES WAAZ 0 2H AL A3t

T Ao s diAH] TR 242 53 Rig=d 7]uke] vhojedg ARl Atvjdl
(sabinene)& AJAF7] 9Jgt ZEo| HHEAL} S. pomifera +F 19 Al &4 a4 TdS

&l 82.12 mg/Le] AHIdE BAeRlTt o] #5E ol&ot] SPYAES BAYUCE st Iadt A}
2.65 /L] AHHIYLE ABAtot gt AAFIH 23 (Sesquiterpene, C15 Ofo]AX 0] E) F T2 T4
ofo]aZ# o] E R0 tiA AT Mol ofn] F-E3tE| AL, gl T EEE0] AR AE
£0], H Amyris AF= HAMESHS B35t S, cerevisiaeZEE AYAHE farnesened ARESH A4 7155t
Od3 AE Az TS Y8l Total-Amyris fuels partnershipZ WHTHURL: http://www.amyris.
com). L8] 1, ti&<t 7|4t bisabolane AR $J3fl Arabidopsis thaliana, Picea abies, Pseudotsuga
menziesii, 18]1! Abies grandis #FE25H FHg 659 tE bisabolene 34 A4 ES XA
o]F A9 a&Z Hole AAE F&3 A oAl 0.9 g/L o144 bisabolene Aottt

J2110. (A) EtgjeA MAS QJ5t MQ DI H0|Q 7|8 IPHO| H| 1 (Lee et al., 2015, Curr. Opin. Biotechnol. OilA 2%)
5t LA} 3|2 (Choi et al., 2013, Nature O A 242"

f
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AP E 3] PlasticEurope E110] T2 A A|lA| E2tAE ik 39 14 100&% 131, o 5 29 63Tt
=2 EAE AES TEs da 22 Alw Aol ofHet A giF A A4 7%
Hgl 5 Ottt 84 A4S o3 o A THse A JQEHEW] Aol 5w Q. 1 %,

3 AF7E D] o] RofA| AL glor tiakgs o g AEE v e B il

ol )= 719<1 DuPontAb= A8/ Hio] A E o] 83t A& HSorona)s9] AlELE Hiol2
Z2H A2 1AL 3Tt DuPont Tate & LyleTt 202 & 19 8 E FARoto] At 47 53 &
729 Bio-PDO 34 Pl= HUIAl 5, £€(Loudon)oll AL o] 5’401] AU 24 7Alsto
A WA 9 g, ARAE, 71, A 5 gt Eofo A85t= 3, ln| ABK(Invista), E&°]
(Toray) 5= HIEE th4=9] ARAIE vlo]A ol dAE Fofsto], AR AR sl Slct. E3L
Z|Zo] 7jAIt Bio-PDO 549 AF 71& Afafsh 715e] 3483} v g wof ofux] AHE 40%
A 4= Qlohal M #SHS] 0H, Frost & Sullivan AR 109 & Hho] @ E2|H7} A4 SHAE A9
1.5~4.8%F AFA|5FHA] 97 4007 ~1,2505F £2] o] o] & AC & Adstal Qlrt.

EHEH Ql HoleETtAE o dA EFAHPLAAYS W= NatureWorksAF7E AlE AEska

o=t 20149 7|08 ‘EZ} 159 & 29 ETfARS A4tsta 911, PLA 9=E54<1 24 2 SHo|E

IA] AA|H 02 gkl QIrh 1 o2 F= Hisun Biomaterials7} o2 QAZHE Y7 24<
S whob 7k 19 57 & 9] 2|54k AJAtskal Qlet. UERE Synbra Technology:= A%t 54 &
TEE ARG QL PLAY RiHQl SEo|Ex AZF 79 5H & FEE AetE Puracl 2R
SEEA Aot T 9= PLAS =W 4B A7F 5,000 €2 FAEL oy fiifE
oj&ska ek

HZole FW AFHe] Aol vHAEE SHOEE g ol(lactyl-CoA)E AT &
E7|2H o] E(polylactate)E AASHIL, o5 HIYOE FEO|EQL FTo|FHo|EL
poly lactic-co-glycolic acid (PLGA)E AAFSIATH (2 11).*' PLGAE AE3|A TEAES FoA
ol AFOFY(FDA)Y 52l T A4 ZetAel E48 JEd2A 4 AFEY, 24FeE

AAA, Ped TTA 5 HF gt Lokl 2EF
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0| EQL ol FH 0| EY HIE XAsto] EolEEE 2ET 4 Uthe S40] it 53] o] &9
1019 o 7F &3& 27 HehA 29 A= $ole 5] Bajdth & dFojis 4 syl
(Pseudomonas) #F Woll £A5}= PHA S84 Ho|AE 7|5t Polyhydroxyalkanoates
(PHA) B34S ohe #Q fEXUAE off 7k sto]EEAJoM-CoA(hydroxy-acyl-CoA) B EH 2]
SRIERE 1EAE 538 4 = PHA TAHEAE 7R3 QIAJEE o] G4+ FE-CoA(lactyl-CoA)2}
20| ZE-CoAl(glycolyl-CoA)dll thsiAl= /g0l A9 §l7] wfizoltt. o]gA /e o4 F4=
PLGAE AJ4kst7] 918 tigwtol HiolemjA feff HAYo=RE SE-CoALt ST0|EE-CoAE
T ARIRE SR gt AR oR HH0|ES THEAI S0l o|Ex THEA ¥
] Zof 7}g§H*E1(Caulobacter)i—rE1 WA A Z(Dahms pathway)s =4 So|EFolES
A o A ot 2E 3 SHEo]EQt S2to] Y 0|EE HE-CoA%t 22| E-CoAR A5}
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a5 2% 9dE A AgPo N S50 T &S HASHE g
E3t oA ERNE HE--Hl(Acinetobacter baumannii), H#E7tH(Klebsiella pneumonia), 28t
(Mycobacterium tuberculosis), %%w(Pseudomonas aeruginosa), &% @z Salmonella sp.),
FY2H(Vibrio cholera)?t Z-& 54 HE AE+ 52 ol 2 2% d8dS B4ste] & A=
2 9 HiEt o]2gt ofg 7HA] o] feot HAYSS S o8 F HAECIAE o 39 55 Uk
AR A=A, o] A9 A Aeo] Wil Uk dAte] 27] W 24& Alofst7] 7t o Fth.

Z|2ol| phytochelatin(PC) £+ metallothionein(MT)& IFOo 2 LA EE /e A+ 53
ohoFet 24 Ui YRS BT A7 A B vt Qlok (32 124).7 o] AN AR ti
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Aol YSEA. whatA, £ oM w6 e A7k AUE-S H9l7] H3ll PCo MTE 37 g
NA B4, 2% 34, 3% 34, B, 424 A L IER 34 5 R FERE T S 3,
B4 U YA 28 HREANHE 1 37)9} Yrho] wef ohE EHES DR, AQH S85H
9014 o590 Azt 2719 FEHE Aofsk Aol e Fasith AW, AWHo AX shtshto
ojAA, Z& =Ao] N9 x| u|X|= gf, ZF A E FYo thE L& ol = Eog o]a—H Z&
U AAE vidEolA ddt gEeh 2712 Agete Zo] wle- oldi Eek 23S Alojske
HAE gtk o] BAIZ FE] Slof ulA] 92 BAsHE nl] fA A2do] ApEeiet Az %&
AIZ B4 o2& Ule 2E 559 niAdiof] Zeshi]7]al, A 0w Hestd A2 et Alxe
T& 3719 5 mM o] A7 A 34 A EW(precuson)?] ke A 718 HHE 249} 285

AT e YRS FYL 5 AL FE Ui Q09 TS AT E IR N2H0Z, G 34
e G40l AT IS AT AT BE WS712A A8 vl B el 34 2Y HHEe

Tste Az o] AZ 2EE2 AR, ol BA o A A2dS ol 83t o2 F7<
& Ul 9S8 TAT S AT (2128). o] AFo)AE F4 A D AS A5 FAA AxYG
g AEE SA7IAL AZY AEse 2% W34 solEzdo Tt Eqdt &, mho]laz
A BAE ARgste] E2AL vPAE AAA. oF vIRARE Bl w5 AFAE S0i9de &9l
A7 54 QLA vjEA Fog FUEL #YE S501E2 55 29 2 e
SO od 25 Uk YAE FEE e AR et wheT] HgE oAl Bt 55 Uk A
3E A HollMe Aoz 277 A3 S #E= 42 e W, dF melaz e
ARgste A 9 AR AL olgotd e 2719 w4 U A B

Ao} e 232, LA BYE Y 5 71 A oJgk &-80] 7s it

Ol

ox,
o

Bl

312, Chdst 34 L QRS 2[5t
(A) CHRRR M| 20| BAIE (Park et al., 2010, Angewandte Chemie International Edition OffAf &%)
(B) M) 9 22 Lir I} SIS ©J5t 01T 00|T2 ¥12719] B2 (Lee et al, 2012, ACS nano O] 28%)
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01 x=

2T Ao A8 Y, 2AAE gt A4 9 A S Al B2 AFAE AR A A
oA A& FP A AYE = 7ol et A4-E Ak 9;13} A A& TS A8l 14
s 7Hie}, glolH, 2olH(LIDAR) 5= °l&5to] HF=7t =& sensing 7€, AAZ W2 HlolH
£ 3l A, AsA s, AEARJIA steke 5] f%t O]Z] 71&, A& ] 5FA] Eoh= 2o
A1rS Q1R8] ok A 7F B4l (V2V: vehicle-to-vehicle), 8&4 02 W& 5E2 sl
st ApeFat Qlzet 7+ B4l (V210 vehicle-to-infrastructure) 5°] 5 8L Qlok (72 1), o|et -2
7l&Eo] WAl whet A Y Fol = B2 AlAEE0] AREIL ot (72 2).

(Advanced driver assistance systems)

8 ) ((E e \ s é
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#
e \ o Smart Parking
~ L1 j
bl \
bl I I
r ~ i\ - # a\
- - Maintenance/Service
Navigation and . 2 !' \ o %
traffic data P ’ \ 08
. LY
—
T = L B
- . r ”1:
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Fleet Management telematics service
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_ i Driver EventData Active
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) Monitoring Auto-Dimming Suppression Environment System
Windshisld Head-Up Mirror Controls
Wiper Control Display Accident ) Battery
Recorder Witerior Voice/Data — Management
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Airbag Engine Instrument | ne
Deployment  Control  Parental Cluster Correction
Controls | # Electranic
Adaptive Front \ A2 J -‘ Toll Collection
ighti “ -
i K y W __ Digital Turn Signals
Adaptive Crulse —— &7 g — N
Contyol_—__—______ ‘ | System
Automatic ~ — S
\\ Active Exhaust

Nolse Suppression
Active Suspension
Hill-Hold

Braking /
Electric
Power Steering

: l
Electronic Throttle Idle / / -

Transmission
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| \ \
Electronic
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Electronic Vibration Keyless Seat Position Parking Regenerative
Valve Control  Entry Control Tire Braking
Timing Lane i
linder Blindspot Departure Active Pressure
Cy spot Dep .
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Control

T2 2. X0 LAElE AARS?

2+E 145 7hdet 9 AlA, QIZERJIHE AAR Ao 47 A|Y A|A” (ADAS: advanced
driver assistance system), A& FAA 0] AAH 58 WAF] ulgt th=9] ECU (electronic
control unit)' o gt B3+ Aloj7} 8= k. 1 A AF WHE HEYAY dloje EFY o
o] F7total, AAZIO 2 B2 Hlo|HE AE5t7| Aol A U Y EHTNAE &2 HlolE 5%
T7F 8FH I Qlnk & FRolAE A YR AR 7] a&A 9l SAIT A AFsAE {71
Aol g &2 SHot] et A R HEN T A 33 A P 5T AolskarAt etk

D RFSALS) AT, RESH47|, ABS HPI0| AEHS HHEIR KI0f5H= FXH KO KA
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02 12 e YEYI ol wrx

PR CAN (Controller Area Network)

1) CANS| =) HyZ™

z719] AsAb= 7IAAR] WA LR LA 75 FHSHEE WHEH A 7AA] WA SR 7 A
ol FAE MEH & F-5AIAH AF W et 7655 THIES ste A2 B8 5719 as
g ASHE o715kl o] whet Ahge] 7124 7152 A&A 0 & AlEsly] f18) shte] Alo] FA|
oA g3t 715 AlFst=E HAAIX ECU (electronic control unit)7h =P = ATk 2 HioflA
£ 714 455 o]&sto] AlA9] tlo]ElE Bl o]& ECU7} ddste] dHxoflo]E (actuator)oll Al
ol 4155 Hufjo] SIS U= QU A5A} Aol A EHA 2FFe] 75 (functioning), KT
(diagnostics) I+ 22 E(throttle), 22 entertainment), 53} Al°](lighting control) 59 &L 7]
552 TP {8l Aol WaE= ECUY 71 S7Fsk3int. olof whet 2+2te] ECUE Aok
wj Aol 7F kst ApA| 9] FAI9F A4Fe] ZHA T 9HA| S7kSHAl H it ol2Rt #AIA S siE sk
f18l, 19839 =< Bosch AfolA] Z2+9] ECUES HlAT: 3-8H HEHD A& 53l HolHE &
441 8 4= 9l CAN(controller area network)E 7iEst3 o™, MAFE Q] CANS E=gho] =t
24 W7ol wi A 7F 24 £ 2] FA & 7HA0] FAasHA E At (07 3). CANZ A Yo
A ZAE ®E(host node: 5% FE A7 AA] ATZ 5H= L) §lo] ZF LEE0] 19| 35 Ul
EQA A2 HAo] AZE o] BAlste AIARICR HEYA A9 Be lEs 74| A5 A1 HAA]
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Engine Anti—

Lighting Power Control Power

Windows Lock Windows
Brakes Lighting

Transmission Air

Dash board
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i Power i Power Airbag
Active Locks Airbag Active Locks

Suspension Suspension

Engine Anti—
Control Lock

Brakes

High speed
Air CAN
Dash board Condition

Low speed
CAN

Transmission ‘
Control

12 3. CAN =) M0t =9 S| X2 LiE M=

2) CANQ| .=

CAN HAQ] BE L T2 Z47F CAN frame©] 93 A5 $4415= CAN transceiver 2}
w2 A5 5 55 go]HE A2lsk= CAN controller2 4% 0] 9t} glolg $4412 CAN_H
o CAN_LE Ef= F 7199 AE |85t A5 Ala(differential voltage)?] FEHE o]Foi%
t}. CAN HAZ o]F= CAN_H ¢ CAN_L & UTP(unshielded twisted pair line)" @ &jo]c}. 2}
& A% 9 UTPE QFoA S0+ 33 F% AFE AIA1A, CANe] EMI(electromagnetic
interference)oll 73t E4& AUA TEolET CAN HAL] & & Hojl= 1200 SHAFS &
of & & Tl A7} WAL= AS WAIste] ARS] o7t Ao g SpAl HES T4
of ot (72 4). S, CAN HAE Xt Hlojg HE &£k 9 87 22&] wat 14 CAN (high-
speed CAN)Z A& CAN (low-speed CAN)e] 1o o]of whe} MA0] Ztff Zol7} Agtect. 1
4 CANZ HHZ O g Wol ARE= AR 7|ojdtA A5k, A7 Aoff, MHF 5o A=
glol8 H&& ke 125Kbps~1MbpsQ &2 HA0] Zoje AE&5=7 IMbps @ W | 40m7HA|
A ¥stth. A< CAN 2 gloJg] A5EE7F 10Kbps~125Kbps.& WA9] Zo]&= capacitive load
o] wet th2t}, A4 CANS CAN W29 line % 547} open, short, incorrect loads7} ¥ %<&
Aol & 54T 5 s Ao 2 oIy (o], £, EYH) AE 24, 7} 2L,
7h 2t @ gAEYo], Ui F 25| 5ol AREHT 1% CANOA = WA SHAYS 26t

UTP(HIXHE @) : Z4SHA0]LtOIC S SOfl 20| AHZ5IH R2|7t ZHEHGHD XZol0] 0BT BEOR2 MG
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o, A& CANIAME 7 =0 Ftk A3 (5002~16K0)0] glo] Hig4do] 1< CAN Er} Hof
uth .ol ok 1145 9 HAAS A Q5HA] Y= ol AR El= T YA CANOJ Qith
High-speed High-speed
CAN Device CAN Device
CAN_H / /
High-speed
CAN Device CAN_L
120Q 4 120Q
% 4. 1% CAN L&
Low-speed Low-speed Low-speed
CAN Device CAN Device CAN Device
RTL CAN_L RTL CAN_H RTL CAN_L RTL CAN_H RTL CAN_L RTL CAN_H
CAN_H / /
b))

T8 5. M& CAN L&

AAN|

3) CANQ| HI0[E &=
CAN 31/\ A]—/] rE v

HAZE 34 Al (idle) o 9l

EEL QA
e

1 geE 3

=

CAN H2A4e] glojgE 2
o =9 57

3 =35}
=
]‘

=
1]

Q11 (broadcasting),

AR A SAl°] 7ks

A
nE
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SFHmulti-master). CAN A1S5% 714 9 NRZ(non-return to zero) HZ WS AM5H=Y|,

dominant(logical level: 0) AFEjo| A= CAN_H2} CAN_Lo] Z+Z+ 3.5V, 1.5VE X5 A5 7} 2V7)
=t 28] AT 5A A Y W9} recessive(logical level: 1) AYE]Y Wiofl= CAN_He} CAN L
7} 2.5VE CAN ¥]A9] X5 AT = OVZF "t Recessive bit A Al CAN HA+= floating ATE)
7} H01 = OJAM9] LTV} BAlof A& ALY recessive bit? dominant bit7} E&0] T35}

R HF CAN HAo)= dominant bitZt Ag Ert. 0]2} Zo] CANS dominant bito]] &2 %
H-’v‘—-ﬁqg o] Hlolg F&o] TSRS ol tlolE ASS STokAl il Al Hd o= qlo] ]

F HAA 22 AAZEe R AEdjor & A 115 HAIA Y $AHE =4 otof AAZHIES B
& A

CANY9] dloJ8 Z#(data frame)> I8 63} Zo] 7= o] 9lom, Hlojg S ML uf
o= transceiver©| A bit stuffing 7+2-& Z-&3to] A<5stct. Bit stuffingo]st, CAN 4157 NRZ

XS ARESH] 2] 5L bitg Al&oiA AEoH HH HIEYIA EA71 TAYsto] 5Lt
bitZ A E= AJA] getdt 4= A Hof o]& WA|st7] Yo 53t 5 bits o]% ¥HAE bitg A
£51= 21072 Al A bit stuffing © g2 A A

CAN GlOjE Zajlgf 7= 2 2

Arbitration field Control Data Field CRC ACK  EOF Int

w

@| identifier

I Up to 64bits (64 us) EXIIE

-12 6. CAN HOJE 2 12

» SOF(start of frame, 1 bit) :

» Arbitration field(12 bits) : 41 =7} Z}Alo] 7‘4?’40110? = A2RIA] opdAE wid -/F U=
H7} ZgtE]o] 9o, #‘ﬁx}(ldennﬁer)ﬂ 9lo] ZZo] urAs
AEzLe] S AL B FES FAT 5 9t
» Control field(6 bits) : Hlo8 L Y| FFE HEH Eﬂo]ﬂ Zo] ARE x3tata 9t
P Data field : $-415t= tlo]Eo] HHE Z3tstal 3lon tlo|g Zol= 0~64 bits (0~8 bytes)& A
Qrefo] Qict
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P CRC(cyclic redundancy, 16 bits) : SOFO4] data field7FA] 42418t HloJE1E 15 bits CRCE 53
HE Q75 wHiit)
» ACK(acknowledgement) field(2 bits) : 27§] bit= FA=0] Jlom A HA bite= dominant bit
2 ACK field ¥ YehH, F HA bit:= recessive bitZ
T4l e EoA HlolHE Al 2 HE W3l 3% dominant
bits A5t
» EOF(end of frame, 7 bits) : Blo]E| Z#lo] B5-32 L& fieldZ recessive 7 bits & 4% 0]
AUtk EOFoll A& bit stuffing 7+2]0] 4-&= %] o} EOFY = Wt
S

CANS] dlole] Ze ol 5% 54l =0 $48 X1 U4 got BE 50| doje 4
Alo] 7Hs 3} il(broadeasting), $415H1L 94| eF= Aol AL CAN BlA9) Mg 2718 gAste]

A59| §7 Helsta SOFS 54 tlole 2|9 5718 W30l A5g S5k At of o,
FAH A5 = 48 TE(acceptance filter)o| A kAT (mask) WA O & arbitration field®] HIE
£ vlasto] ZH4lo] A 2jsfiof H= HlofElRIA] obd A& BT PE} . o]e} Zo] CAN Hiéé 5
5| tlole7} SAl=H, CANZ 2o IMbps?] HolH ASEHEE A¥stH S5 54, &
Holth 144 Soll 2o A E 22 Y2 dEYIE gol A}%ﬂl olck. shAgt, Xl::__-r =3
AEAS} e 14 B4 A2ES W R Sk Aol W] Het CANY gloje A Hat
E3Ro0hn B o £ 2 S A A2do] 875D Yk

01110101010 transmitted id

o-don'tcars [110[110 O[1[1[4]0 0 0]  mask
0-1--101-- - masked id
filterd! 0011110101 1] [1T1010101101 filter2
RxObject1 0111010101 0] | RxObject2

12! 7. CAN 2M7]9 48 ZIE| S& I1H°
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LIN(Local Interconnect Network)

1) LINS| =} HfZ*°

CANo| =] whzh tfF9] A5 W7 A|A'S0] CAN MARE A4 HIUth 12y, A3t
AA A= 2AE o] Z2]A o] (low-end applications)oll &2 4d5°] Q54| o} CANOZE
TFAsH7 ol iAoz B2 Hgo] 8FFHTH L WSttt oo 19984 AFEAt IJAF HAAY
(BWM, Volvo, Volcano, Audi, DaimlerChrysler, Volkswagen)o] 2o AH]-&0 & F&o| 75
3t LIN(local interconnect network)S 75t th LINS CANT} upzb7}R| 2 BAbE AR} A|AH
S A5t A 54 A|A"lo|H CANZ §3to] 7584, UART(universal asynchronous receiver/
transmitter)2} ©Y Al(single-wire)& AFE5Fo] CANO|| H]|3f Y2 g ZS |02 Fgo| 7}
soto] F2 2T ol EAClA] AR 2, WE oA, Alo|E H|F 5of A-E-HH,

Control bus access Send & receive information
Master & Gateway Slave Slave
(Door ECU) (Outside mirror) (Door locking)
Microcontroller Microcontroller Microcontroller
| Transceiver | | Transceiver | | Transceiver |
LIN
CAN

2 8 LINES2X & & 714

2) LIN o] #X"°

LINZ CANT} vp7iA 2 A gejo] YEQ T EEE A (network topology)E 7HAU, A H]|
|02 Fdsty] Yo &Y M(single-wire)& AHESFIL shte] vRAH (Master)9} th=9] &djo|H
(Slave)& g% oA CANZ} ZJol & Helrk Y S ARESke] Aot iAo s Bt
57 wizoll HAo] B Bk ofyet 7t BN E F AS AT 4 UL T FHHTHIRA
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H: 1, €d°]E: 30). LINY 7} =EX CANY} vR2l7}A| 2 microcontroller®} transceiver® -4
wof low, ufAE = LIN AE 53 £dlo|Ho| folHE AS {49t ofuzt CAN HAE F5f
CAN©|| 92" =53k SAlo] 7H53l=%= CANY LIN M2 HE 802 2719] transceiver®
TET A TR A} Zo] wpAE of )| LIN A F o] Ao]%|7] wjZo] CANI} v A=
#2409 Zo|e} L T O] £V} SIS HlolH MSEHETE Attt tebA &4 0% &S A
&35t7] 918l LINZ shuhe] upAEd| o 16719 €08, Hdf 40mo] HAE 45t Ao}
AL Sl

3) LINS| EI0|E] S:21°°

LINS A9} @ AZ o] &5 nfAE7F A4 02 &do]Hof| Hlolg $4l {75 tefsto] 8
ol = A5l F4lS oteF ofal 1A gh& B v S| B tloly $4l f-+5 873t
+ E%9(polling) #4102 tlolEl§ &A% CANT RZIA 2 714t 2] NRZ HRHHE
AR8319] dominant(logical: 0) @} recessive(logical: 1) AE17} 1oy, CANT th=2A @d Ao
2 AT E AE5H]9] dominants 35 AYe] 27| &, recessive= HA| 2 HE3t) vpAH=
otAE BjA T (task)Qt S0l B BjAT7E 91, £¥o] B o] B BjAATE EATE LIN e
2 FH(header)? G (response)°| .2 Ft+= break, synchronization field, identifier
field2 A= 911 SHof= data field, checksumO.& A= 0] QT (12 9), A} ufAE A
A7} SHE skl AEstH, st Selo] B WA HZ Alojstal of" HAAE o At
of Hlix] A5}l oo wizt gdo] B Ao A SF HAIAE A/ 5to] AETtt.

LIN GIOJE Z3Y 7% 2 43

Header _L Response J
| |

Break Sync. |dentifier Data (2~8 bytes) Checksum Intseggrgéne

—_—

T2 9. LIN 0|5 T 72X

P Break : LIN =49 A2 YeH, 13719 dominant bits®} 1719] recessive bitZ2
TFAE 0] recessive bitE E3 break fieldd] 255 <At
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P Synchronization field : ©|°]E ZF 0x55(01010101)F HLJ=lo] )lom Qldst &+ 749
falling edge 7t A7t 7448 53] transmission rates 2745}
o X glolH AE £k= 20Kbps o|th. &80|E AT A=
sync. fieldg ZYEHsto] Z 9] 57|12k 433t
P Identifier field : 6bits® =™ 0~63(0x30)7FA]19] tlolH & AT 4= JoH o|§ &
3 of® T7} Alstal SHT A9 Hlo|E o] T E ZolE A%t ID
field o]% ID bits9] #2|E] HS(parity check)= Yl 2
£8o|2 HAF A= ID fieldE RUEHSHL H2E 52 2 F blo]
£ SAIT ARJMA| 41 ZARJNA] AHAlo] Wz AIA] obd A S 24t
P Data field : &#[0]H. BjA=of|A st S HAIX[o] 3= o] lth. 2, 4, 8bytes 9
Zo| 2 HloJel& AT 4= 3loH o] Zol= IDof| oJsf ZAHHLIN 2.0 °]
79 Ao A= BbytesE 11A).
» Checksum: data field®} HR7HA| 2 S HIAI A ] 3= 0] 9lom 27]9] A4 &g
& & ohHE ol-&sto] A4ttt 7]&9] AAA2 data field¥ha Al4tste A
0|1l FAFH A 242 IDS} data fieldE o]-&sto] AAlsict,

o

o|g} o] Hlo]g $4:4l0] HFHH, npAR BAol 2 Sue] D% 2 X Y 7k9] 244 ol
mini time slot $12 HoIslo] Qi ol 112 2AZ Hlolo] Yof HhAE o] 49l Ho
A o] % ShLtE Mejstod MAS AofShe time determinant® F2sto] $5o0] Wela] grer)

(collision free).

FlexRay

1) FIexRay9_| E%} Hng.T
Aepol e, QY. SAAL A7) 918l Ak R ECU 749 Hlole] 44419 Batwst 3

ZVSHAL Sick. e W5 A48 7ke] Bk st Aol 4er] $J5) AA1A A5 S ol §te]

(Rt AT SRS H0] HA|
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2 9] AlA, ECU, doo|EE Aofsl= drive-by-wire"7} 5431 Hitt. drive-by-wire:=
A W59 71A4Q1 AZE 582 Aotd A& A7]141 485 o]-&sto] Aofst=S vHEo]
U714, 71AIAQ v o] &0 A Y FAE AAaAE 5= don A9 ARLrt S7ketch A4
Ao AR=7t S7FsHA EH AR ] aag A9k Al o Qlo] AH|E FIAIE 4 AU ol 2Tt
drive-by-wire A|ARIS] BALE YofiAlE 7129 CANET &2 tdZ3} o] Q%] 2}
B2 dAIE 9 3FAABMW, DaimlerChrysler, Philips, Motorola)2] @2°] 2J5f| FlexRay
7F =J= I FlexRaye & w2 S 276k= 3ol 2851 olE2iA ol S 2+ drive-

by-wire(brake-by-wire, steer-by-wire )7} tt.

ECU ECU

Central
ECU

Communication
Controller

Bus guardian
Star network

ECU ECU

| Bus driver || Bus driver

I i

ECU ECU

ECU ECU

Bus network ECU

Central
ECU

Hybrid network

J210. FlexRay EZ=2X| ¥ £E 7149

2) FlexRay2| 7"/
FlexRay+= CAN, LIN¥} €8] HAY, LB, slo|He| =Y 52| 7t EERAIE A9t
. HAYo A= CAN I iRV 2 F £ ©ofl SEAgo] 2aer duder g2 £714

THAER Bl e EY F T 2882 399 B4 =EE VINe R A Faz =0 A

lo o
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W S UEHAT7L 2455 4o BRok e =52 AEA0E F4o] 7se Aol 9l
. Slo| B =2 HAYH Ayl A A8E Aor HAYS ARGt v 2 £ &
QoA ECUES SH2AHH (clustering)o] ¥ & E Y-S ARESto] Y ESF9] 45X
S FIAE o= Atk B, FlexRaye F7HQ1 Ad S ARGt HlolH AE&EE 282 &
A 7IAY redundant” @2 AHgoto] WIS FHAA & Qlct. o2 VIEY A 7|4E3 vt
F7HA & FlexRay® SHg24lolH a4l YEYD #2E fI8] & 7t YEYA A Zol=
24m, B9 = FHd 22718 AZsES AAel
FlexRay *=E= AEET 9 H{AEZo[HE FL4JE o] qlth . JEEP e HJHE wof A
St BH< IHE]% S E(host), ZHYUE Aokl @5F AR, 2F A2 (error handling), 571

5}, HIAIA] 5 9] A3 o= AR AEEF(communication controller)7} it HA &gt
=

i)

<

L
ML
2
I

95
ol A& VEE M BdE =34 A=(logical signal)E =212 A& (physical signa)=
Ae-Z oL, bus guardiane A FE(bus access) 7A2E 4
IS S8 Bk Bus uardiont $416 ATARE T2 ZAYe) B 1= el
=N %.*/\]E}U% —“.’—21]7} EIN e 73,—?—, SAEO] 922 TA5tT 24 Tt AT E ALsto] HAS HE
= £ WA5}o] FlexRayo] TH|Y 7xo] W £4L 7
A CTalolHZ B8 Ea)d A5 7} A5 o] FHs} {—’3— At

3) FlexRay 2| HO|E| &34

CANOIM & A7 FA AHJIAE #dst
CSMA(carrier sense multiple access) B4 & ¢ &
o] WS 4= glom, FA| AHRIA] Tdste 52 oFFE A3 A ESHA] Yot Al o & U
AAE FE5| E8otA] F3tt, v, FlexRay= 88202 YEYAE S-8at7] Yal Ao Al
2ol HloJEE #%-5l= TDMA(time division multiple access) 4] 2.2
(communication cycle) 2 HoJE & $AI8TE B4l Ao] 22 849 g%
time-triggered®] & AM|1HE(static segment) 2} event-triggered?] 52 Al THE(dynamic
segment)’} A%t F1Z2E 7Y 7| EF 07 A A IHE, window idle timeC. 2 A= 0] 9l
on =4 NIHE, symbol windows Q0] o) 740z A 4 ok CEA A}
0|22 MAEE (macrotick)olZH= TR HlolHE AEstaL 57187 AP En Bja2E &

_&
o
)
o
ful
me
oM,
o
4,
o)
i)
i
)
op
ol

o
i)

W HBO| MAUA IS 7[ol7| Yot 2ol HE 712 Heols M
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microtick© & FAE L} o]= & ult} crystal oscillator®] Fuk47} A&s] AA]54A] &7
o, & ujt} 2 Zo]9] microtickS macrotickel &Fsto] ZF L E9] FV|E W]

0|9} Zro] FlexRayw A3 &4l Ato]E Hlol| A L )lo] S4-41%H FlexRay®] L& Y2 dH, #|
o|RL, EF YUY FHH

FlexRay S21 A0|2 L Tyj|Q) 21X

L Communication cycle |
|

Symbol Network idle

1 H *
Static segment | Dynamic segment | window * time

* option
Frame

Trailer

Header
CRC

Protocol
flags

Payload
length

Cycle

D
counter

& 11, FlexRay A1 AI0|Z 2 Z2Q) 121&

> HX MI1HE(Static segment) : static slotQ &2 FAE o] 9low 7+ & uith 52
static slotWol] ZH A A5 4= Qlrt. AA static
sloto]] A&olA] Fow th2 AF419] static sloto] & o

7 doleg A5 4 gtk

{ FlexRay Frame 1)
D> &l|C{(Header) : ﬁf’—ﬂ‘ﬁ %

n

H

l
T

EfL

ﬁ

JWJﬂEﬂHnﬂ%ﬂ 449
Hol2=0] Zol2 Lhehi=
A Aol H25i7} 2t

_1

_1

2

Hr

do 4u

H|

o o

roll ‘l>‘ r
30,
rlr

lTl
)
_‘TL
ni Ll
=
lrrl
ot
[

5 250 YT 083 AYTSAIS WHEIQ| MO AB5I0] YT} 52 WAL

My

A
[=

rir

LW TSHFE LYN7I= D)
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> H0|2E(Payload) : TAEA wHEold A7 do|grt AeEE 170z Ay
254 bytesg A& 4= Aot (CANY] 304] B )
D> Edf|Y2{(Trailer) : Ze| A9 2 7E AAH ] Y2t CRC HAPL Sl

» SX M1HE(Dynamic segment) :

o,
>
-
=)
[m
)
o

of o= AIHE=R CAN9 =¥

[ )
B op 2
o
>
e
=,
Y
N
N,
B
il
o,
=
m
N
N
]
oX
sk
E=)
n)
o,
,
N
N

of
e

ohe{of gitt.
» Symbol window : HE T 9] o8] 7}A] 7]*s(wake up, bus guardian test 5)& Al5-5}
7] $1of AHE-ET E Qo uhet BgE
P Window idle time : H|°o]E7} 3= X &A1 macrotick @& A% 0] 2 &0 28

o
B7]% Bt g3g ditt,

FlexRay7} 2709 Ad ARE-L.2 QIeh &2 Hlolg A kot Ydgo| At FHol
YESHZ 7= SHolA CANI LINS| §2o] H]sf oz ez H|golzhs THo] 9lof, oles
FlexRay= €3] AT 4= Qlot. mrbA As2 873k= & Aol = LIN, 3 EF
o= CAN, a5 & Al o€ FlexRay2 2850l A5} v SHoA 22 EY &

= AlS3e

o

=

o)

flilo

oM, o

X3 MOST(Media Oriented System Transport)

1) MOSTY| =¢! H{Z°
24 ol HD(high-definition) HH] 2, @] @ @ g A(telematics)™ 52 AZH QA
E Na"lEo] =l wt Ak Wi HEQ I A w2 tlolE ASEE7t 8FEUH. o]

WRISAICL RUSAIS ZHE MR HEO XiZF FAOIEL Ml
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£ I 19989 AFsAt Az PAt F& SHPAEC] Hof MOST F3l& dHstitt. MOST &
sloflA MOST 7id Al 239 Aol &= 77t le=dl, A, 715 Tl AA-E ARl 5t
= A, =4, 2EY, 7, Alo] FEE AST ¢ A=E U Aotk A WA 7] T
A1) AIAE HARIS 98l audio amplifier, auxin, DVD video player 52| Z 7]5°l sigsh=
FBlock(function block) §Hso] o|& 7|&E QAR F7 T WA 229 JHE HA435}7]
9l 37F4] Ad; 57] Ad(synchronous channel), ¥]%57] A'd(asynchronous channel), Ao
Ad(control channel)S THE3tt. o] T 7HA] AFFS a18isto] 2008 F o] 25Mbps?] dlo]g A
SELE Al olT= MOST257F 7= 1AL o] F 50Mbps, 150Mbps7tA] A ¥ slg== MOST502}
MOST1500] |t = 7= et

HIEYT RH0f Ch3t R AIZ
HEST HSS0| ot 2E 7= X0l QIEH0|AKS

—_ 1= =
Application layer2 52 E| HM&8I7{Lt MEE|= Cl0|HQ| 13 O HY
A3} U, IE M S2 M

ool ZARE A0]2] A, th3Hdialogue)S 22|
| RH|1Z ol M|, =8 oot

jul

E2jm1 Uigia Holo aieeiz |

YESIT SAEO| =alxol o2
Hel=
=

[
2\ 225) TRESS Aot

d

2o
olr . or!

=1

o i
=2 0o
T4 X A S
P RF A HS

AN .\ .\ .
op
r=
=
=
>
o>
o fo
_|
[
[H
HLI
_>—‘_
—>
_\J
r_g
I
N
or
_>4‘_
_|,

=252l HEX AO[S] HOoH
=052 FH|S AEots Ol MEE
GIO[E7t HREX] LUZES &S0l

&

=
=
| <

HIE 2 HOIE7F HESE I ME El= 22N WA
= Of=H012] S2H0| L FAHR Eds AEg
ﬁee ol 2ol SRE SU ANHS S

J2112.0S81 7 A
2) MOST?| X U H|0|E] 441
MOST+ OSI(open systems interconnection) 7 Al&< XEFstal Qltt (22 12). MOST

Ae 34 a9 13 ¢ Zo] &8 A2, NIC(network interface controller), network service,
FBlocks(function blocks)ol Jtt. &2 AFo= AlolE &0l wet optical £ ASH
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electrical &8 A&Fo =z FEII}. 27]9 MOSTE POF(plastic optical fiber)S A&}t
POFE A|¢sl7] Al SARoA= A714 A s F A= W1 FAdoA= F AT
£ A7|14 A5 & M3s|F= FOT(fiber optical transceiver)& A&ttt POFE EMIQF 9% 7H
Aol ekl QFe] Hle ForA] gom debd E Qle Aol ot Wi, Ao s &
2k5t7] fIsiA= 85 ofste] eolA] FAtshH Tl vtk Wo] Qlth. Ak Wi Rl Ak Q1%
HIJIHE AJA”lIE0] SojudA o] @7t £A1E sidst7] fsiA MOST50, MOST150 7HEr AlF
ol 7]&0] AjegoflA] tho] 2o UTPARE-S Ilefstitt. skA|T, UTP+= EMC(electromagnetic
compatibility)7} W7] d&of }E sfjoF g1 EMC ZA0o| @37] Yol E3st driver circuit
< YA w2t @7kt S7bok A = At 1 A3} electrical €8 Ao+ EMC 71&3
transformer?] EA4Jof w2t UTPL} STP(shielded twisted pair)& A EI5HA = ATt

Function Function Function
Block Block Block
Application 1 Application 2 Application N

¢ ¥ ¢

Network Service

4

Network Interface Controller (NIC)

$

Physical Layer

v
v

%213, MOST & X (A5 71 E8)

NICOA network service@} FBlocks®] 1= EHC(external host controller)ol 739 A9
g AAR 28 ASoA TFE AR ADE S54RI A Dol MOSTOl= 571
A (synchronous channel), ¥%57] Z'd(asynchronous channel), Ao} Z'd(control channel)
o] tt. 571 Ad AE2Y tlolE|(streaming data: H|T| 2 HoJE], @] Q Flo]E )& 915} I
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FH Yz S T A, S, tlold =] DA eb=tt. Hl57] Ad-2 TCP/IPet 2ol H|
7] HolHE ASsy] §gt Adoldt. 12|al, Alo] AL SAl7]oA ojd AEZT HlolE
E AR AR At Yt Aol o]et 2 AdES NICY] NIC processor®] 2lslf 2745t
of 7} o] dSohs REE Sl Ad2 Tl Eoh ESE NIC= Bo|g, MEAZ AF 9 A
2, A9 Ao} 95t vpAE S| Sl o] npAE S ste] NICH| EAIstAY o= 7]19] NICO|

whro] 24 & Qiet Brol9 PRAHE (timing master)= ZF = E9] 5715 Alojsh= AeolH, HE
YA vpAE(network master)= =& Uit $AE 6t YEAE AZdste AT gtk 11
2]21 A2 vtAE(connection master)= 571 Aol =E 749 JdE AAdF+= gL 5t
A8 A (power master= A& FAISH] M-S SEAY JPA7]= e St ojet &

<= F9ZE2 NICIA st Ado] AAEH EHCOllA 2 75 sigote deES 3

pe

&3t 9 145 MOST259] =& Yerd Aojty, MOST ZF| Jol+= preamble, boundary
descriptor, 2E 2| Hlo]8, {7l dlo]§, A|of Hlof¥, Z Y Aof, sfj=] €l HEZ} i},

o] 9]9] MOST50, MOST1502 MOST25% et AE Y to]g], w3l wo]&9] Zo|7} Au,
MOST258} upa7} A & boundary descriptor® 2+ gjo]€] Q] ZAo|7} AX Htt,

MOST25 &g 7=

].— 64 Bytes = 512 Bits = 22,67 Microsecond @ 44,1 kHz Frame rate _.{

0 4 8 28...64 488 504 511 Bit

Lo = =

i
stream data e packet data — Control
+—>

6...15 Quadlets 0...9 Quadlets data
2 Bytes

Boundary is moveable
in quadlet steps
using Boundary Descriptor Frame Control

Boundary Descriptor

Parity Bit

Preamble

J% 14. MOST25 &g} +28
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o
T

P Preamble : o]i= Z|Y°] 5715 HF7] FI7F Aot} Eio| upAE 9| ¥AY] FuppE
7I8FC. 2 preambleZ A/d5tH Efo|Y &o|B= Eto|y mpAET} AT
preamble 7|FFC. 2 PLLZ o|-&sto] 57]& Wt Elo]y ukAE = A4l
o] J/Jqt preamble°] BE = EE A THA| 0t H o] F o]&-sto] 459
Au} A A BAFSHY] ThA] preambles A4S

» Boundary descriptor : o= 2EZ|T Ho[E 2} HZ Ho[§ o] Ao|E £Hs}7] Hlsf AHEE T

0~159] k= 7Hith. AE 2T Hlo|& 2t g7l Hlo|e| 9] k2 G0bytes
7F H=g wEolA oy AEHY Ho[H 9] ol 24~60bytes,
7l glo]g 9] 4ol 0~36bytesZ boundary descriptoro] 93
00bytesE U0l AR&RITE Z249] oy Zol= thgat 22 4
O & AR = o] Eto| ntAE o o3 A4 H .

AE2|9 H|0|E| Z0] = boundary descriptor x 4
I§7! HIOJE| 20| = 60 - AER2|Y HO|E| ZO|

p AEZ|Y [{|0|E{(Stream data) : H|T] 2, 2] Q9 -2 Ho[E & A
p 047! H|0|E{(Packet data) : TCP/IP, HH]Alo]H W HH 52 YA
&3] 913t Zo]tt.
» X|0{ GIO|E{(Control data) : "8, JH], AT F X 59 Hlo|HE A&t
» 2|2l X|0j(Frame control) : ZH Y Alo] HEE Yetf7] 3t o2Fd Y9 (reserved bytes)
02 EH5] ACKY CRCE #:4] AolA A& %t
» IH2|E| H|E(Parity bit) : =19} o2& A sl7] Aol H2E AAE et Aot

S

oz

O

ﬁi

golEE A

rlo

X Ethernet

1) Ethernet® =€ HiZ X 7HY S&F

AL o] gkl whe Aol A 24 A A2, sfo]HeEet WY As A, AEEH AR
E 52 ASs] A8 Aol W s A% F59 eoF BRE7 S71IAH. B EHALE HA R
S7koll Qg ECU Ate] 3717t Al Y YIEEYA A& CANOIY FlexRayErh 84 o 2 9%
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o] 8=t w2 tAF| 87} S7kto] w2t Ak Wi YIEY ] Ethernet =4S AlEst3oH,
Ethernet®] &2 AFA 2 7H] A& A4 U] A& ofzfZo] AUt &, 7I&9 Fast Ethernet
2 249 UTPE AH&oFLL Gigabit Ethernet 4%32] UTPE ARE-6to] Ethernet A0l E-& Ao = Al
H-&3} 2}A4 9] BA7L Z71elA "ok 181, Fast Ethernetd} Gigabit Ethernet®] EMC A2 X2
W &80 o]z-go] 9gitt. skAgt, 20109 BEEEAA 100Mbps BroadR-Reach 7]14-& st 1
9] UTP2 AREsto] HIE3} 7A £AIE si2T 4 A oHA 149 goje ASEEE AT 4 A =
Atk 100Mbps BroadR-Reach®] Tl wet B2 E7h A5t A 9 9iz=A] dAE] o) Add
OPEN Alliance SIG(one pair Ethernet alliance special interest group)°ll4 Ethernet £& A% 9 2}
F Ul Ethernet =42 1%t A3} AIARE TSt 3loH, AVun Alliancel A= HIEQE 93 AS &
A EE2Z Aot 1EA o4, 94 A4 LS APst ok 22T StEFo] JEA] AZES]
ol9] BEREE st o] AZE o] AT TS JiAdsH] St AHgE AZE o] EE
AUTOSAR(automotive open system architecture)ol| A= Ethernet= A ¥5}7] 93t Ethernet Eto]H,
Ethernet EWAIH =gto]H, Ethernet QB Ho]A 5-& /Eal1 Qi & Bthernet =Y Het AT 7t
o] Mg Folct." Ethernet 48 Al 100Mbps?] Hlo[E] HE&EEE ATHEFOZH AXEAHUE AJAH T}
o= ZHEt 9 AA] Elo]8E Spalete] Mk 24 A1 A|A”Y] 480] 7hssitt T3 1Y 15 &
Zo] AAE ARG A U EAE0] A= MIEYAE At o2k &8o] 7S Aot

— —— Ethernet backbone

WIRING
~¢— 1TPCE - Proposed standard IEEE 8023 -
SO One twisted pai 100 Mbls ethernst
SOC GANS CANFD -
p One twisted pair
=é DolP over 10/100 ETHERNET -
= Four twisted pair ethernet

\/\s"ﬂ",,,;,m

POWERTRAIN

7121 15, Ethernet®] 829t 212 0f|A]°
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2) Ethernet®| 7= X 744 2tx|

EthernetZ 1%9] UTPE AFE-5] 100Mbps?] Hlole] A5&=e} e S4l(full duplex)=
A Qstct.? Ak Ethernet9 7F¢ 2 442 7129 MII MAC(media independent interface
media access control)*¥} ©3to] 7Fs3ko] 7|Z9] Ethernet infrastructure 12 AFRS &=
A& Zolt.”? MII MACZ MACYZ & AIZ 71 QIEHo|AE oulgict. 19 163} o] MAC
HHEA] 9F a1 Ee] AR Al ARESL7] 918f) 9= A O & Ethernet ERAIH HETF HHYA] A

b

rlo

< 4= 91o] 100Mbps BroadR-Reach® &¢] Aol 4835l [EEE802.39] Z2EES =
488 &= Utk 1% 177} o] [EEE802.39] Ethernet 7 B4 & A&sto] Ho[HE &
ALSE 2= Qlo] Hlo|2E B-5(3 HjZlo)A] BlolE 7t pA|Sh= &)l Xt 97.53% & tE A U
HEYD FolA 7H & 285 E & Qo

Fthernet2 AR & AL&3t ALY EEZZ X2 A A(point-to-point) B4 WA} F47]8H9]
A2 & AR FATIERS] HAJA S AME-St] SAIRRE AR F4F wFlo] ZFAIA A
&0, ol= FXoll AAE 3l FAATA] ADE ) ojnfl, AR 7h=s FE7F §loW A9
oA A Z H7|ote] YEHS A&X 02 AR o Stk ERE WA E WA okl A ERot= 5
o] AL dfof st AlO|Edlo] thAl AAE AN BA XAt A A A EFEE £Y
&’

Ethernet& AF&3ro 2 X o|e} ZH2 AHE0] QO Ethernetd CSMA/CD(carrier sense
multiple access/collision detect) B4]3} AYXE ARE317] W&o CANO|Y FlexRayolAl 52+
Stz AT Ao} 2] A HQF -2 AI7F A dof] RIZHEE H|olE(time critical data) A& Al AAITH
S BAT £ 9tk CSMA/CDE HlolH A& Al SE°] BT 49 Hé-g St Y% Al
o] At F AAEL staL, k&= 7t AF7E ¥ AL o A9AE AFoF st wlzoltt. ERL
LBy EERAR U Y B4l A ARESte] HAYE ARESh= CANO] Bg] BiAl o] 5715t
1 ol& AA9 BA Z719] Yolo] Het, 183 100Mbps BroadR-Reach”7l 212] EMC #74&
TE5h7] HleiAl= 2 A, AU, AolE, common mode choke & 112{5to] |45}

A &Flo] =] ofof gt

Q
(]
Z

" K2 0[5t LAN 2245 IHRISO 51| 42 SS9l i=2| SIEIHOIAS MAC SAS(TAIYS, O AAIA HO| 22| FAN
2] 5 +3)0f RiZ5t= ozt
9 0f2f HIUS0| B OFH AIBY) CHet HI 7H 55, 8t WS ROfH= WA 5

72112 0S| 7 AZ2| Physical layer 211
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100 Mbps symmetrical operation using standard
Ethernet PHY components

100 Mbps TX 100 Mbps 100 Mbps TX

E =g} "

100 Mbps RX ) 100 Mbps 100 Mbps RX

Full Duplex 100 Mbps single pair operation achieved

Only change is to wire-side,
MAC-side remains the same

Standard IEEE 802.3 Standard IEEE 802.3
100Mbps MAC Interface 100Mbps MAC Interface

712! 16. Ethernet 22|45 71X Y IEEES02.3 MACH 33t HZ™

3
7 Octets Preamble
1 Octets Start Frame Delimiter
A
6 Octets Destination Address
6 Octets Source Address o
3
2 Octets Length/Type @ ©
%] 5
® &
MAC Client Data £
46 to 1500 w
Octets Pad
4 Octets Frame Check Sequence
Min. 12 Octets Inter-Packet Gap
. A
tse[0] [ [ [ [ [ T[b7]wmss

T2 17. Ethernet (IEEE802.3) 7] 7L
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(] Preamble : $417]2} =41719] BIE 5715 957] Yof] AREEH 17 3 0" & BHESA] A4t
[ Start Frame Delimiter(SFD) : Z&|¢] =7|& 9ot A& X2 ‘0xAB & YEhty upxjat =

HE= 11" 0]

T

O Destination Address(DA) : Z#|U& =418 MAC 4 FE7} Z3= o]},
O Source Address(SA) : |2 S41%F TAEQ] MAC 47} Z9E 0|3l
O Length/Type : A49] TREEZ AHZ 911 9o length L typel & B Y= o{9lh 0x600 ©]
5lo] ™ length(IEEE802.3)& 3451l o]Afo]d type(DIX 2.0 0= A gtct,
[0 MAC Client Data, Pad : t|o|E| & YeHTE,
O Frame Check Sequence : & o] &A171 A=A Bl ARg-shH, HolEH 9 o2& AE07]
98t CRC7F ZFHE 0] 9iet.

TURBO CAN(Turbo Controller Area Network)

1) TURBO CANQ| &9} HfZ™

Ethernet¥} tp71A| & &}2F Y 52of] AlEs A\ AH Q] 2271 Z7}kel7 WL oko] Ho|gE £224]
ol whet A Y7 Y EHAY] HlolE ASEHEE FAAAF T T a/do] A 20129 BoschAt
oA CANE 7]HFC & 3t CAN-FD(controller area network with flexible data rate)S 7J&3}
t}. CAN-FD+ CAN Z#|?19] data fieldE overclocking™sto] data field Z°]E |t} 8bytesl
Al G4bytes® B AlA HlolH ASEHEE ol 160Mbps7tA] S7HA1E 4= STt SHAIRE, 16Mbps
o] A 85 AHESH7]9l= FlexRay i th 22 H|oJ ] AE&I0]7] wizof| ZA|t AFs2tol| 4-8-517]
o] M35] B3t Aotk E3, overclockings oto] BloE|E AE517] wiszol 7]&2] CANC] 514
T8o] E7Fsslthe Talo] Stk o|F 112fsto] 7]1&9] CANT 28tko] 7hsolHA] Hloly As<%
ZE CAN tiH] 1008 o] 33417171 918l TURBO CAN©] A2t=]|%{tt. TURBO CAN- 719 18
T} Zo] &3} 42 (passband signal)E AHE-Sto] F7HAQ1 tfF3} AES ARGRIOEH To]
B ASEEE =ol= ot 7]E9 CAN Aot b t9S F7H 0 2 ARE-sto] 7|&2] CAN

) Ethernet 2 Digital, Xerox, Intel Al QJ5H JHEHEl 2402, DIX = 2t BIALS] U SIS [A BHE Ethernet AR & GILt

Moo EXF A2 J|FX| 0|ACZ &9

o=
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A2 FFe MAA FoM gEH A2 E AT 5 7] Wl 712 CANT 28] ks
gt Zloltt. ofet o] 5H¢ 28-S 7hs st stof T EF IS Z2 Fa3t HA|R|o] AR oy A
SEE7F A 75A ¢ diEEAClAlle 712 CANS Oz #-8ok, A& 7=t 3
AlA Elo]Eft IZHQIME= TURBO CANZ ARESto] 88202 HEIE 28T & AUt

S SendadCANbts

A, —> CAN bits

l S —AMMNAMAM——— AN ——————

W —> Q0 v £ A High data rate
— BW t

385V b >
Closes for D bit &y

Baseband Passband

In time domain In frequency domain
T 18, Azt Pt I P0fAS] TURBO CAN A5

O Ay(scaling factor) : &3} 415.9] A2 of sl A== GO, A7 YGolA HABI4IE
of 132 Ak A71(V)E ulgtct,

O S,(t) : TURBO CAN A5 93t 983 A5 oulgltt.

0 Qs) : 7129 CAN Al5o] tfgEa 4591 S ()& B3t 322 TURBO CAN 415.9] A5 Algolct,

0 Q4t) : TURBO CAN 4157} CAN_L 9} CAN_H °f A$5]&= Algolt},

2) TURBO CAN 9] 31X U 7 apx|

1% 19« TURBO CAN9| $417]E€ Herd Zojth. TURBO CAN H|oJElE A5to] Wi
THcarrier wave)©] Aol 9B} ASE gt BYE HAYBH 45 E 7]E CAN 459
dominant bito] AojA CAN HAE &3] th & =E& AL} A|7F 904 TURBO CAN Al
52 5u 19 187 22 PR 57} A4E0 A S o) qeiEi} A5 AdS AR,
TURBO CAN2 7|& CAN#} 3.8to| 7Fs5to] TURBO CANTF CAN 7HERF ofy 2 TURBO CAN
3} TURBO CAN 7+9] HloJg] Ako] 7Hs3lth. CAN A7l A9 &3} DE(low-pass filter)
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o} s|AH EJA|A HE (hysteresis filter)o] 2ol BEEY H 4359 A7]5 &3 dominant =
recessive A8 oJ55 A3t TURBO CANO] CANO| 4155 A5 4¢, q953t 4159
A5 22519 dominant®} recessive 2.2 Ui 7|52 WA &= HY oA TURBO CAN Al
&5t CAN Al7]104 @F glo] &4sto] @84S Al-sith. ¥ 20= TURBO CAN
1€ Hehd Zojth. TURBO CAN 7t9] HlofEl A& A], TURBO CAN 4l7]of|A ®E2 A2+
H&H7](signal converter)& &3oto] Abs A5 2 Bigh "t} AHs 455 7|2 CAN FA71E
71& CAN A155 3517 g9 =37} DE(band-pass filter)E E3l 7]& CAN 455 A A3l

A15(3d 189 Sp()yE +etct. EEH A3 = dominantolT AEE7] &) 7]& CAN
L recessive©l 4 dominant® A¥cl= A5 2ot T A|FGojlA I 5T 455 Ex517]
o ARR-ETH 95T} Al 5= Fukr 519 M3Hdown conversion) 2.2 7| At Ao 2 HIEl &
3}7](equalizer)®} slicerE %3 TURBO CAN H|o|E & A&3I.

TURBO CAN=Z 0|} Zo] &5t 7]& CANZ 2.8k0] 7h5317]0] HIE ©919] & 4], B2
ALY, HEutAHT} 7hssto] AAIZE Alojof fefsithe AHe B B8 4 oA EHQ%
I AT E Ao ol L4 EE 100Mbpsold FAIZ = Ut AT T
= w2 T S ARES] dizol Ao giste] A7) wizol 53H717F BaAlol Mz 2t

ﬂll

p

2, m[m

7

2 ol

o 1R ofm
fol OPLH 2 o

ol

|

F(modulation order)7t #&4& 1145 53717 85} o]of gt A+ FQsirt.
High—-speed CAN Standard CAN Standard CAN High—speed CAN
transmit bits transmit bits receive bits receive bits
L Standard CAN High—speed CAN
2 receiver receiver

CAN_H | | |

CAN_L

12 19. TURBO CAN &AI7| 32X

b4
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High—speed CAN

controller

High—speed CAN
receive bits

Slicer

Equalizer Standard CAN
receive bits

Standard CAN

Down
converter

bit detector

Bandpass

Signal
converter

T2 20. TURBO CAN $:417| L&

el ER=tl

A Y5 YEQAR 7]29 tiREY] oA CANS ARESHIL QUAIRE, 114 tf-85F9] dlo]
g A7t 7Hsst MEYAS "aso] ShEol wet Ethernet & $4102 EE37E AP= T 9l
ot A o8 BMW, BREH, Ze|AAY BHeA, shek e ulAE, @hA-sAt, NXP RH=A] 5
S F40=F A= OPEN Alliance SIG(special interest group) &F B2EH AJAT A|AH] 5}
oA, 19, A AsAF 59 F89S A'd AVnu Alliance 7} 31t} OPEN Alliance SIG
= 2FF W &70] A33t Ethernet 52 A otat A= Qeh 5 542 A5F Y EQ T &}
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F& Bthernet 7|€ 2§ 9 EF AA, A% HH] ¢ 7153t Ethernet 7]9H9] B& F53h= 2
ol ol& all 5719] 7]& Y3 (technical committee)E F-4d3ATt" 2 IFAE 100Mbps
BroadR-Reach & A9, At 97 A, v 274K} 5ol dist 2L vidshs Fold, o

It A9 AT TREZE0| AUE AEoteA 5 A k' AVnu Alliacne & HE3
o F4o 54 o 98 A2 MTske AAYEH I AVnu Alliance o= YEYAE A2

Qe HYQ X 7+9] AVB(audio video bridging)” 43 A58 gelstr| gt ZEAA
HAE HAE AlE5HH, Ethernet AVB 9] A7t 5718t T2 EF, SAH UE A9 #&
o] EEQE /NHeta Gl Folth" o] gz A7Fe] HAHEo] FrbelT B o] w5
Aol SJEHl AnEY ol EFAS sfAs7] ol ML AF FAE LZE0J(SW) EHEZA
AUTOSAR(AUTomotive Open System ARchitecture) ©| Ethernet = =517] ¢t A+7F A
Y ZFo|tt. AUTOSAR & BMW, DaimlerChrysler, Volkswagen, Bosch, Continental, Siemens
VDO 5& SHoE b9 2Absat AlxdAet & 7 dASel s BAH AdEzolh
AUTOSAR 4] Ethernet =& 9ol thFst Ethernet controller &+ Ethernet transceiver £2
T/3% Ethernet 54l A2 QIFFH O] AF AlFsFH, A ATl 56H BA2E 5He] HA Al
28 AMEE 7Fs o sl 59 AZE 0] EHES AL Utk SUiol A& Ethernet 5
3} Zloll A ETRI, @hAEat, AL EE o] OPEN Alliance SIG, AVnu Alliance, AUTOSAR
off 7kt 52 stal YA, A WF HEYD dE 32 AYEE 715 915 S5 A

|2, A 5 0, 2nEY o] /i 5ol Stk e Aol

[ o %2

UA 76T AF W HEAD /165 WA HL BE AF el oA S Fol7] IR
CANe| FEE|900, 153t oSl HES Mt YT v 89 YEYAE 78] 919} =9
LN, A28 99 © AT 195 ofEeAIHS AT FlexRay, FeloltlolE 93]
Ylo]] A4 Eo] mek MOST25, MOSTS0, MOSTI507} /el 5 Z A vhso] WAl @k

-

VAN {0 2CQ U HIE|Q S HE|D|CI AEUS AEBPH| HEL| K3t T BE BHY|SS At BE
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£0]1, YIEQA 5 W89 2, HolH ASEEE PN I= HIFo s TAs) At 53] J
< A 79 AsAtol it A7 @EsHA AdEe wet Ak WiRoA = thare] AlAEEC] U
FH I HFet AHIASS A hst7] A8 FHist &2 HlolEE AsfoF st wlwol Ak Wi ]
EQ39] HloJg] EFgo] F7letal Qlon o]F didsty] fs S w2 HlolE ASE=7 8+
=31 Slek. 7]€29] CAN, LIN, FlexRay+= 272t glolg H&4E7F 2t 1Mbps, 20Kbps, 20Mbps
O Hoh A A AIAF], JIEZEJAUE, Jejet AlA L 7Hd|2t glo]8 & A2 st7|of ££3 4
Zo|t}, TEQE, MOSTE] -9+ #dl 150Mbps?] Hlol8 AEEEE AlFSHATE FHA 0l &2 0]85
7] glzofl YIEQA 75 vl8o] S7stal J FEl9] HEYA #2325 ¥ latencyE 27-5k= AL
gof] A-g5t7] o# &o] itk o]#gt o] f= Mk AR} A A ARE A st7] Hsf A Ui F
HEYZo|A= 100Mbps o139 tlolg AFEEE AlgdiFe M2 7IeS /Ndstia, 1A
o] Ethernet¥} TURBO CANOIt}. Ethernet¥} TURBO CAN &2 ©tlo|g] A¥&EE Al36HA]
gk 2pgFo] A-85t7]0] o] ASfoF & FEo] Wt Ethernet®] B¢ A SAGC R ZGE &
Ao s go] ARGE I A7t H Q7] wizol Akl 2-85t7] &olst, BroadR-ReachE AHES
7] $18i4= EMI/EMC w415 siasfioF stal A8ty EE2A|9] dd $4l2 A€t fiwof A
AIZEC 2 HlolH & AFdloF T A5 A7l Aot ¥HH TURBO CAN2| 7% 7]&2] CAN} 5.810]
7Fsste] &2 ASollA= CAN HAE HEgsHA| il & -8 4= qlo] CANS| A4l BRE
MA", HEupAE, SAER0] 2%t S5 SA= AAIRE toleE A5 4 e Aol 3o,
F9 ASl o’ RS A& ARAA| oA 24 H vt glvt. webA Ethernet?t TURBO CANS
FAZF ol8sto] 28 ASole 71E A WE Y EHTE A& 7t TURBO CANZ ARES
i, A AlSel EthernetE A&} Hrh a0 s A7 YF HEYIE F50k= W
iy 7hsot

WA 27N A VIERAE 9fFet Aol fle w2 A4S 7HAAL Qlo] Ao iR 2
ThS e sto] WA E o] AT 2Rt AHsAb= DSRC, cellular network, telematics 59 7]&9]
ofsf) ap @ F-ete] Ad/do] F7letal k. o] A" AbF Wi HIEYA7F A R2 7R Hofl o
2t 2bge] Hot ERt AEAt Abdof|l A argsjop & FEo 2 fiFE 1l Qirt 20159 Bl =7RH
HASH(NSA) oA €41 Charlie Milleret Bt AZ3]AF IO HE| B A7 Chris Valasek %17
o] oS ol A& A 2710 AFH U-connectE 7ot b Y5 YEY Q] CANO| Tt
BAIES FE 2o 8 7555 Alooh= Ald Fd= B7Nste] Ao Het wAIE Al 715k
AFE T84S FRoHe Bk ohyel, 20159 5L 244 S (ADAC)NIA B ARLE
7] 317 AF", Hl&S 9] FreeRTOS 718HS] AlO|Ego] AHEOE QI3 9] 5|7 C 2R E| 9] F ok
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3P 5 HkY] Yol Fap Frteta Qi olet Y2 RH A B YafiAle A 9
5 B4l 7149 Btk Fa5HA T A YR VI EQF oA E BekE tsfof gttt o]F flof 4
AFF UE YEQF Y] oS mtetota H5 ol APAT7t R = ojof ot o] & 7|9to = A}k
Y5 HEQIE BS5P] 3t 7[&5S Aot Jidelor & E a7t it ol &9, AFolA B
o] AHESIIL A= CANS A5Ate] 8 ofEeAol Ml THIEH ! AAY 7H9] F41E A sty
UARE ZF A2 719] Q1 At glo] Hlo[HE &4l & 4= Qlr}. E3t gloje] 41 Al YIEQT W
o] BE AJA”o] FAo] HEol7] ufito] oA HA £ 4= YA HlolEE Bl 4= Qe F
Zo] Sltt. o & s dstr] el HlolHE dasleta /15 AAE F7koke Wio] 9loH, o]& 4
oF7] gt 7441 A7t 11 E|ojof girt. 7]£9] CAN Z2EZo|A 4355t o F714<l
o|HE AH&EITHH Hlo|RET} ZhAsto] A AARIS] A 2l&(throughput) ©] ZHAsl7] HEol B
o WL =2 A F8F= Etherneto]ut TURBO CANS E=J510] gojg] MSEr FAFA7
WA HokE Zstafof & Zloltt. o] Qlof] Ak} o FAl A|AR T R B4l AIAR 7] AAZ
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