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F—E FEEREXNSEX

1.1 EHEEEERBEX

E% 12020 FTRNEEMRKE A
Automotive compute in 2020

Cockpit Connected Gateways

~50,000 DMIPS ~20,000 DMIPS

Audio Visual, Maps, Traffic, Toll LTE 5G, WiFi, Bluetooth :

payment, Google services connecting to CAN FD, LIN, Flexray, BOdy Electronics

Rear entertainment, Voice recognition, Ethernet <10,000 DMIPS

Gesture control, Cluster and HUD HVAC, Lighting, Doors, Electric

seat, Windows, Mirrors, Cameras,
Seat belt, Air bag, BCM

Semi Autonomous
~350,000 DMIPS

Level 3 autonomy, Radar / image
processing, Collision avoidance, Pre-
crash, Cruise control, Lane departure,

e-Powertrain
~15,000 DMIPS

Main Motor control,

parkifii Chassis Transmission, Engine control,
~15,000 DMIPS Generator/E-water pump
EPS, ABS/EBS, Active VDC, EPB Battery management
FIE: ARM

L ARM 1 2017 FEHEFE A L X AN ZE, ARM T
1T 2020 4 T 2R 2 46 H9 5 77 & 50K DMIPS.
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Bk 2 Hee iR e

Eetid

ERESWIREN RS

B
i
<
il
5

ZEEXRIV2X

K IE: THS Markit

T EEA KL, REELEEAERAEEE SoC WH T,
#& CPU & /1 H ¥ f1 £ E & DMIPS, DMIPS 2 Dhrystone Million
Instructions Per Second W% 5, VA EME 1 LIIL&1E F 35
A%, #EAK L SoC BT 20,000 DMIPS 7 &E i W% #1217 45 E JE
MEEDE (AR FMHZ=FM. 360 2%, HRILEA. AR-
HUD. £ #1EZ G EMANE) . GPU F T, 2 FE 100GFLOPS
MHE AR LR 3 M 720P R, AEEE X —T, CPUF
T 20,000DMIPS, GPU W& T 100GFLOPS ¥y SoC HY Bt 5t = & &
EEAR o

BFmEfmziTaiy, REaRLREFEHNRINET
I fRHITE 4. CPU BN A B A R4, 4B, 3
APAT AR, RAEEEAPATH A EEA N, EBIEAA
$64-F WET, CPU BT B2 & BR 5t oy, TR FFryis 21 F &
A [ 45 4 5 7 B3840 1 — 4%
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TEH CPU 384 A . Ak & TR, CPU R4 T,
FEARE WA AZ A CPU ESCR P EERE, FTUHT —
/4 5 1% 7Y Dhrystone: A2 7 F R IIA CPU B #H it H e, H
w45 R 1) 4715 1T Dhrystone #y k%%, Bl &M arix R £1E3F
R H

Dhrystone AT X & 89 4 22 2 2 2 b, MIPS (Million instructions
per second FWHPATHIE ALK EHAEX, EAHETE N
A Z G F, it RISC (Reduced Instruction Set Computer #5 & 45
AETEAN) A% F CISC (Complex Instruction Set Computer &
FieAEITEN) RY, Dhrystone WiF 4 Fab kI L A IF AL,
HTE—IERESF, RSC IRRFEE LWL, EZEN
ATHY BT [8] 7] RE =t 7E CISC B — 545 4L E k. &1 T Dhrystone
A &R 20 2 7 AT K BE A 3847, P LUF] LR A B By AL 2 F
B W HAETRES

7 — T T Dhrystone #7445 &y DMIPS (DhrystoneMIPS) ,
o X A A AT Dhrystone BJRZX IR UL 1757 (X —#(E %
BT VAX 11/780 #L25, JALEAESL X A IMIPS L&, E&HD
iZ 4T Dhrystone JR 45X & 1757 %K) o

H Rl % SoC [& 7 ¥ 45 /K, A A _E#0Z ARM 44, ARM %
] SoC & 77,
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Kk 3 FE xEH SOC

IPC HH 2t A T
T8 | RERRE L1 Cache L2 Cache L3 Cache
AL (L 5, DMIPS/MHz €5
17 (fkit,
ARM X1 5 128 KiB 512 -1024KiB | 0-8 MiB ‘ 3-5
LCEED)
15.5 (g
ARM A78 4 128 KiB 256-512KiB 0-4 MiB 5-7
)
11.6 (F
ARM A6 4 128 KiB 128-512KiB 0-4 MiB ) 7-12
EED)
ARM AT72 3 80KiB 256 -512KiB 0 6. 35 16-28
ARM A57 3 80KiB 256 -512KiB 0 4.8 20-28
ARM A53 2 64KiB 128 -512KiB 0 2.3 28-40
320kB (A
APPLE | FireStorm 8 . AMB 8MB 18 (fFit) 5-7
A

TR A BIRA

MHTF—A SoC H#FNEXRUN, REEZNSHARA, — 4
& IPC, Bi& B FHHATIEAH, CLF ML FREBRDLT
Fo AA—NMELNZF, BAELCENEZFPEAN, L1 EF
Ao A Ll F Lid, 4 AR R FiEde 4 g, L2 ZFETR 4
HARBEN. 3 ZFELEIBEOEA A, BFLLXHHEAS
ki, AH—MEEY TIB, CEEARZE MMU K
Mk, BERNHEZRF (cache) W EETHEEW. EHNE
AFRRE—ANEEME, BEMIET HE/HAFHHEE, Cache I A
INEXANEIRIGTEE A FHEHAE.
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1 % L1 Cache ¥ CPU /0 & Z 4 #ERY M 7 £ 4T, T L2 Cache
WA TAEME, 7E KA, L2 Cache F E 1 FILMAY4E 4,
EEZF e l, MW T ZE . L1 Cache 4 4 ICache (3584
%17 ) f1 DCache(#HIEZF) , 384 & F ICache #E Z K £ CPU
o0 B 45 4 T m M L Hy, KB & 77 DCache # % & i #£ CPU
%0 B load/store B TTf 1, M L2 Cache & X 7£ CPU pipeline 2
ZAN:E P

A 244 L2 Cache W EARITHY M 7R ? BT Cache HY
ZEMRK, BRBA, HEWZKAREK (RIXEEHFVW
W), REEZIN. BREE, L1 NEAERA, HEBEERARR
o
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Bk 4 Bo 5R%% NEM SoC K44t

CPUKA GPU & A NPU % 71
R e
(DMIPS) (GFLOPS) (TOP@INT8)
B R-CAR H3E 49K 288 T
BEEE R-CAR H3 40K 288 7z
s N A3960 48K 216 x
& i 820A Prem 45k 320 x
i SA8155P 105K 1142 4
& i SA8195P 150K (f) 1843 10 ()
R SA8295P 200K 1720 30
NXP i. MX8QM 29K 128 x
=M TDA4VM 25K 180 8
M E TDA4 H 100K 320 32
¥k XavierNX 96K 691 21
b Parker 59K 500 T
—E Exynos Auto V9 111K 1205 5.7
Telechips Dolphin 3H 90k 336 T
Telechips Dolphin 3E 31K 100
Bk & A MT2712 22K 133 i
Bt A H MT8195 139K 926 4

FR IR 2 BIRA
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1.2 EHEERT N

ABERE DT, EARA A EF RO KM SR
MR TN, EE M 60%H A PN A A E B E W)
EHARELIAFTRONEN, RBELFA - EHERE HIEEF
KARAW LA =,

« Hurd E W RS I E AT ET E ST E 4 N 48.8%,
2| 2025 FHiTH LB 75%, HE T a3k T 8 K E KGR,
DLHA % & P B H 3 Ky AR BT B K

Hk 5 SREMREEA P BRENAFFSEE

BPYEREGERENERER (AEIREE) 2019-2025 EEABERERIS R B ESIEREY
—o=2HiE =e=thEiiH

85.0%
75.9%

A 72.1%
" A ERE - h_—.
66.0%/.
85.0% 59 a%/o
. . 53.3% ® —
BRELRE 55.0% 48.8% ./ - T are  594%
o o— 55.1% o

—_ 52.2%
0% 49.4% ’
"o 45.0%

iR KRAMZE SR 35.0%

25.0%

2019 2020 2021 2022 2023 2024 2025

KRB THS

M P KR Ry K5 E R, RIE IHS Markit 58T 89 14
MER, ERBEHEBATBMEKFERRTLZARENE —AK
XBER, HREERECORLI AN, SRS EFEAWF X
BEZX, RBEHEREHMABOCRARA P WENEEL &,
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s EXRZERBTIEN, FOHBHLHRNEEEFILY
BB FER P ERNERENERET T EmWREE,
HAREEFERRENEFRARTFREENELZNIEM.

Bk 6 EME R EXEFRKNIH

REBPBEREE - TOP10 (IHS MarkitiEth, 2021) TOZE R EEAR EIAERME (IHS Markitf|t, 2021)
"EPWEER (TOP10) 008 7

e (ABs. EiERR. sk I 25.0%
ke (%S SERFEGD I 207%
HE

y . ; 200% 17.4%
EBERHR (HUD, 1BE%H. ABRIRE)..
14.7%
“\ “l 115%
E2E) B& =E

OSSR (REhiNTER, #hiEE)

it 80O%M A F M EMEHTELRINHTWEER (&
“EEFEFE” 5 UREFERE” ), EPHELRGEE RS . HUD
SHiE R RN EERANKE,

15.0%

RIS (MSRP)

e Gt )
RatRit
HMRLT
EHWIF
FiEgs

10.0%

5.0%

0.0%

KR RIE: THS
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Bk 7 MXFEr, HREREMHYEREEFL
IHS Mark§F - 440 SRR, LI PR S R BB

100%
o
8
7l
6
S

b LE7 Sy
%
2 "EETRE
(] (]
a
£ 60%
¢ BFARE
5 50%
&
8 4% ETERARE
E %
. nRRE
%
nEHRE
0%
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= =

=1
=

4
3
2
1

=

L WO
M‘ @%@ﬁ Pl wﬁ"% & o “? g @@@ o

FHRIR: THS

HANBAFERNE, EREAE XEFNEEZINE, B
A R T T B A R M RE R R e B, AR UL, R R R
RECETR, | T RANFONREEMP LA AT 28, CATL.
LG (.5, SK AR T 48 T 2 80% R T 7. ELAIALZ AR Ak B 1y 7=
i, ERERERATE. MHERER, B FRRLTE,
FRNGEFFHATE, AEZEFREMR, AALRERT
REM Z X,

MEEEEEREANTH R, AMIEFAFELHA
WA A F BRI LIS, EREAAANNE A NE.
FEANET. TRBARNBERERNE K. | Z N E 6
g R, AR RER, WARRER T EAA KB R
e, & AR E AR RO IR AT L BB R

>~
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Bk 8 2019-2025 £# L WA FH REKE

3
2.5
2
1.5
1
0.5
0
2019 2020 2021 2022 2023 2024 2025
2019 2020 2021 2022 2023 2024 2025
MLt HERTHRENE 1.62 1.81 1.95 2.29 2.52 2. 60 2.66
FREE: 5 BRH
E% 92019-2025 £ R EHERTHHHH
PERERST (FET) 2019 2020 2021 2022 2023 2024 2025
0-8 72% 63% 51% 40% 35% 31% 28%
8-14 26% 33% 41% 47% 49% 51% 52%
14 L+ 2% 49 8% 13% 16% 18% 20%

FRRIE: & BAH
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FE HaeEHB g SRS
2.1 {RER 3D {3k

& 10 %% 208 THE.H 3D Lk

FARRIR: HiE

ATk 3D KA 2019 £ 5 A XA HIAF%k 208 F1 DS3,
3D WEMHAEZAAL D F AR BN ERNX L RIT LA K
R&Z%, RTEERMFEIRS L. g L™ & F @ik
AN, ETWEALTFE, AFPXTEAGENER.
Blt, RERAFPITHENQSEENMNEEGEMEFNE T, AT
PL, AT HREN R TR iR TERXH ]
&S, FEMAEKSEA, iT£EET (30 ki .
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B 208 BNDUR, UHVHBAMDI R —BERE T XEE R,
ook E/ LS, MERGHEENG, HAPEER e RE
A MR, BEQERE, AERETMNIND TR, ELIHIY
EAT, TUZHIRISW 30 KR, EFFEL, EHHR
TFT (R B rF) HAm: —3H 1025 £~k amBEN [T
=], R 7 ETHFRAETREN [RIE] o XEEE 15
ZRNFBEZEARREEE, EHE 3D R, HEERNA,
RE#Z: FIARERFELEN, @RI A EZ 7 kX
AR 3D kR, MH, X 3D EGEA, HH—HKW
AR/VR LR GH AT 5, 7 A& 7 &% 2 e EHE 5 L IR
B —ZE R,

T B S 2 AR sk 208, IR 2019 F Genesis G70
HEHT RUNBE A, BB AZ LG Display.
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& 11 AKX GV80 3T H 3D Lk

(Ontinenta]3

FR KR KEARE

2020 £ 3 A, AMEAFEILNX Genesis GV80 #EH T 7 — 7
3D Wl k. AMBATEIZBRE 3D UkEL, FANZHRE
AL EIEG, 28 ERAERY EHANTE . HikE
LA, MW R 30 A&. #HFENCERE ETHAERG LT U
B EL RN L, FREIDWEMCE, DIAFHT L AW
SkEh, B, AT HEZY FKER KA SEFE 3D F&EL,
BHLLEXAERARMNEA, RALZR RER N 2 REE 7
KA. BRAEPEES 3D AN, BBHRKEZHE ANERNT
# ADAS. & Loz . RS R HGAE RARIR DL BT R L0 15 &

24



2021 FREEREME H B

Mk 12 #31 S Z %

2021 FHH S TR HE D N K, EEMNREMITLTE
— M ERXBEEGRL, AUEMNZR R LHNTE, REZR
ROKEEN AL E, LR d TR B RN E ey E R, AR CH
MWER A 3D B, SR/ LUKA,
b ) B An KA TT & 3D Lk, EXRHEEFEXA,
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Bz 13 e 3D Lk (1

KR A

ey 30 ax—= A T EUNMN R, —&£H4 T 2K 3D
HE, By R ey PO R R geey, W LR S AU A
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Bk 14 3Dk (2)

ERKIR: i

AHE-—MEAZRTAEZWES, FHHXLaEANRE
AWTELGFENERS, BRI FEFLZREL, #
Bl AR, FIA 3D RN ELGHENER.

I B Al 078 FF & 3D LAk

3D REkERAR, ZHRIUMBNENFRFL R, RHET
EEEE, MBS 3D R, HMAKIETRN,
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22 KRS5ZR

MR, BT mEEETERBE, LHHEDLEL
FERAEREX, EHEFHEN LB A a5 T A A R,
FeAl = BT, KREZR/LFREBNFNFE, XFFI
PEmRAEELARARA S RRAREEAETF

Howmm%E, EAGRARENEMFERRE., 2R
WERR~EEH 7. 103, 123 £~ =Ff, #BE 103 E~F
1280*480 fr 1920*720 W A4 # %, 12.3 3 ~TH 1280*480.
1440*540, 1920*720. 2400*900 WA/ #E, F#EARRTH
8. 10, 11.3, 12.3, 12.8. 14, 15, 17, 17.7 % #¥,

FLM 4, ix PR A 14.9 F~F, 4 #EE % 2880*1080,
& & % Z3K 206ppi, ZEHAESFFRE M, " ad HAIDIE
., HLE _WEFMHE MBUX, 128 %~ FE 49 HE A
1888*1728, 4 £ % H i 200ppi, HWEIBMME—EE, LFT
DLEFHF%—, U EQS Lt MBUX Hyperscreen FJ# A 56 3%
TERET, PRAFE 177 T, 4R 3088*1728. H L F
R I EE, FAFZ Ik 169 KT OLED B
R, 4Rk 2940%816, 4 %% 4 181ppi.
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WHEEZEWIE, R ES8 AAMER, REF LR
W e B 113 3T A/N, g #ER K 1400%1600, %% X E A A
188ppi. HE% F M HE AR HT Models, 17 3~ F 4L F 2 #
& 2200%1300, % % % F 150ppi. TR & H7 7 o A 4o (5 7~ B %

ES8.

E%15§%y§%

FHER: £5

54 i, EEBBRIKE, 2R A8 E .

29



2021 FREEREME H B

& 17 FRSEEREZETREESHK

X% (Driver Display ) i EHBR Ja H AR
R+ 12.3 12.8 11.6 7.0
PR 2400%900 18881728 1920%1080 1280%800
i % £ £ £

HMAEREMRTB %L ZERZE, AR D RHEITHH, B
W ZRRT 2 HEERENERL TR, MBUX WHIERE Z
RATE G OLED B &,
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#5 — K MBUX & A W% & £ R4 2 OLED &, T2 %K
BAKEHRG, MERTS, EHRETEZERSFTZ,
TR EHARNRE R TR E, WREMRL N,
FROEHEFRAAN RSU, HEBEZHLFAud s e — K,
AREET &M, kEFAEFHHL, TEIELE, BHES
.2 MBUX, JUFHHBIH A6, &ML H R R
M EHEE AR, M EHE L. USB mELE USB AN,
HDMI Mini LA 1, L BALFZ e B 0, B8 405 .
FHFRER AT EENER, WA EFMEA.

E& 18 75k EQS E

R EE: ER
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F4 EQS B, BEKASeFEST, wH2 141 EXK, TR
HAH 2,432 F B K, Tl % &L 46.4GB/s. H =K RA
B, A AIEDNRR 123 E R, 2#%F 2,400%900, FIE AR
17.7 #~F, 7 ¥% 3,088%1,728, B|Z A FHd2 123 £, 2%
# 2,400*900,

Hx 19 £#3 EQS WHEK AR
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@i‘% 20 %f REHRHIE Escalade ﬁ)&ﬁ

KR RIE: BEAE

Fr— AT TH Escalade, 5F # = Suburban 2 GMC
Yukon BE-F& 8, HEMXEXHAT 38 AR, 2@
OLED K &.

K% 21 #H— R k4% Escalade B BT R -

FREIE: LCHETF
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Bk 22 #— Rk % Escalade E i &R EWHHE

FRRIR: LGwTF
KEWHAE, TTUFRARBRHBNE d,

Bk 23 #— R kM % Escalade Ei B R ELEH

14.2 inch \ 16.9 inch
(Cluster) (CID)

16.9 inch 14.2 inch 7.2inch

KHRRIE: LG HF
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PR ER3RER, THEENER, FU=ECD, FRE
RILIR, A EFWHER

E% 24 I — R -F#H % Escalade EM B REEN

Touch @ o Steering Wheel Controls @ Multifunction Controller
Gestures (Right-hand set)
(3 ] Touch Gestures
Major controls of Info3.5C
1. SWC Control Area 2. MFC Control Area 3. Touch Control Area
. Right side of IPC display » Entire ICS dlsplay * Left side of IPC display

« Entire ICS display
» Head Up Display

FARIR: LG T

P R T LUR F S A m R 1R

B 25 LUCID AIR E#

KA EIE: LUCID
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REFCEF Lucid WREHERA 4 Fixit, EwAKE
34 HTH — R E FAR, BERpHEL K. FEXRFALE -
14 FETAFE, LLE SRR FAR T .

RRFFDTHNANERERFIE T —a08 ™ LB A B 1
FHMINFERELE, REZ.

B % 26 LUCID AIR J&jf w e8|

%R R IE: LUCID

KFHAH 15 RTAR, BRERZEEZIR, ER. F
RECR-R &k P
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Bk 27 FHATESNF Lyriq B EH#

FREIR: BRAE

A 3 T S B BB Lyrig B RS W R &, Lyrig BY B R
H33%~K, EEREMAL Lucd EA. FHEH UL AM
B, AUBNREETERAERERGH WL, WH. THE
TEWGR, FURTFM. T5. KE. &G
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K% 28 ¥ ¥ Grand Wagoneer &

FARIE: FE

& & # Grand Wagoneer AR 1R1X1T, 265k EEA
AR, EEE AR, RERTE, BERMLE,

E%& 29 ¥ ¥ Grand Wagoneer [ 3% &
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o REEE, IF % B iPhone 12 Pro Max b,

K% 30 &% Grand Wagoneer J jtt &% sk R

KR FE

AR ERE, &, X& FLR WERAHRRGEE, BN
B FLR # R B AL DL AT A, ZLabiR A REAFIR, X4
7= H R T B A R A

/
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E% 31 %% Grand Wagoneer % ft Comfort Display

Comfort Display B E, BAXAILERER. XA FERK
W, BEAEE, H—TEIEH.

K% 32 &% Grand Wagoneer B )z JE1% & B R

Watch Now

YOUR APPS & CHANNELS

4 g
P""':VLM amazonmusic m kﬂews twiktch

RFCFNT

FRRIE: T

40



2021 FREEREME H B

BERALTR, BERKRESEH A RRS, Wik 2R
W, EEEXRNFE, FEORBER, &AM G ERFH
mEMER, FHUAUERRLFHRNDIESL 7 —HREER,
AP ABRALAT I K, A A I

B % 33 & Grand Wagoneer W E| % 4

FHER: FE

Bl S RAE
B {3 /N 2 A0 K FLK B
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E% 34 AHe

TR AH

REE 2020 59 ARWEE —HENFNARE e, BHF
/INTTHTE, K 3895 Z K, K 1750 Ek, H 1495 =K., EHR A
A A E, TEFEMIGEHE, XE2—KAHETH
WEAMENE, ZEEX —EmATEHN 154 §77, BEH
FE A 315 4 « KW HRzh AL, XAFRE, B EmENT S8
Fro TREDAZ k& B AN T 6928 4 35.5 T OB B9 B 40, WLTC M4
T T %At Y 280 B, #[E NEDC A7 T AH#EH 330 A B, #
ahEFEALE 137 R E ST, H A A2y 200 2 ES AL, F E NEDC
FRVE T AME 240 MBS, MEERAEAT, FE30 54K
78 202 NEwyeE, EMRFEAN 451 F HT (HEART
29 770) , mIMRER 495 7 Ht (96 ARM 319 770 .
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s el gL, X0 IR AL 2 TR 414 Model 3 9 /&
A, KENEXRFNE( T TE, £OAERTESFH
Fl R A X s . AN FE AL AR E R g Z A PE,

Ek 35 AH e

S - -
\ -
.
'
-
- X
+
——— e ——

WY £ b
e ""*"._E;-E .

e —

e @)

FHEKIR: KE

KE e WEMANIRE, ToTRARE—THHENRE,
EMLLeHREE, NEAERS8HE T, FHEMBABHMLELE
—HR 123 FETHRER, ERRBERAN3IBAET, EAFF
TEH—A 6 ET/NFHR. T LW EIHEERZ—AFE,
R¥AH 7 #*F. AE—EETERE . BFEA AR E,
RKE e BIRYM A ED BRI AN, ¥ AWK A B Y f4 2
REFET MW EE. REBREAE WD,
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s Fn B 2 e R DL B LT gk, REERA N A
FRAET BRI E, FRFRENDHFEELE 1920%720,

Kk 36 AFH e P HSEIBER R L4&HE

FHEIR: KE

FEAAFT UM B4, 29 HDMI .
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Wk 37 AH e WEIE BITHER

FHER: KB
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K& EVOS B M, A —#Kik 11 KWAR, R
A 123 %, FER 135K/, BB FHLE 135 KT, 2HE

] fE & 2 1920%1080.,

K& 39 KEBREEVOS HFELBZERFHRETUAN—HF

FHER: KEBE
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2.3 HEExRH

BHAFERETERINFEN, AEALEHEREE L
R, ABRAZOCHEERBNER, BEXTERERAR
AR, EGAxEA., AiRA., ALEiE, FHRA. &
ZPA., BERANSZEENRAERBILAME WL A H
THEE, FATERABAREERINEIRERX, A
FEMNEREFEN, BRANES T ANR AR,

Bk 40 X ERMEEH K
RUME % - Ao
. EEEERIEANS, —RISENIEES MEEASIHESE, EEARISAOEREEE SRS, HESEE
MEES RIS, By, SEEK. FENR. Bt SRS,
NE— o iBE: IEETRSESTERAR, MR EE
e, EENG, EORRE,
S| I \El:a:\qn
NP s o MfE: BFEUREE. ToFSEHBEEINRA,
S—— e . SIARRIRGY, FHIOR, SEAGN, . 5%
B Ll B,
ESiC _ . L e S
N gk o BEMME: BEMESRESE. RERAN
PRI B % ing) BA, ABERE, SEESRINSEAES
=5 BeH e S IBNZERATA,
o % HIEHEERERENESERAREAR, €
5 EEEGHEN, SRR,
ZEFNES _ - e
o 10 o BEERS: ETHENBEERIHTERENE
e g BHIREAR. ZEGSE. SEASRFERATRE
ABEREN Fix—2%,

§)/3

A EIE: IHS Markit
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23.1 BRHIEERE

BFERLAEFARABERABEURZ 2R ETA, ©EK

AREENEFARL AR, MEABEFEENER, BT
B A RIRFHLER E o
BHEFTRLTERHIETAEE. EF R4, BRAEZTEM,

EEARERA, HEOCRERETEM. FRERETRE
TERFREAESRESET T, &7 HE 2R ZNLPA
NLUSK A o A B T F 8 09 R RE 4% 37 15 B 22 iR Al JLAS 298],
BAREFRA—RET LLRA— AT, EEBFUNEETE
SRV B P AR B e B B R B B 4 RS LY A L. 20204
AEEE e B AE IR AR K A67%, Tiit20244 7] 1£84%.,

TABREHREE WA R LZEH ORI . B FF TR
A, ZEMCERAA. KRARLHERANEZHNES, wmER, |
BT, FREFEABITARELRETE, BEXRELEREAAW
RE. WAL HF LR A

PEFREREREFTRANEETHTFHAREETY, RE
% #7& & 1 5| % L8 &\ 5] VOICEBOTHY 20214 8 A Hy il & 4t 4,
*EWNERETHFEATLL2ILAKR, AEERERN
8,38077 Ak 1EE&Z2,70077 AWK, F[EZ1,9007 AK.

<!

=

~N
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Ak M XETEAEFRMALERETHFEAE

Best Conversion Rates of Voice Assistant Trial to Monthly Use by Brand

LEXUS -t 92.9% HONDA e - - - - - -~ - - - - - 62.3%
Y _______________________Ehhhhy 81.3% BV e —— - - - - - - - - - 61.5%
TESLA . - - - - - - 80.0% TOYOTA e - - - - - - -~ - 611%
FORD I - - - - - - - 73.0% ACURA fE=ssssmmemensnsen-------------- 571%
DODGE I - - - - - = - - - 72.7% HYUNDAI iZ==ssmmsmmesmmeee - oo 56.0%
MERCEDES e - - - - - - - - - 72.2% VoLV EEEr e - - - - - - - - - - - - 55.6%
JEEP . - - - - - - - - - 68.0% CHRYSLER f====mmmmmmmmmmar - - - - - - - - - - - - - 54.5%
NISSAN B - - - - - - - - 65.9% VOLKSWAGEN I - - - - - - - 53.3%
CHEVROLET EEEEEE e - - - - - - - - - - 65.0% INEINTI Sommmcc--ooo------———-————-—-—-—--- 42.9%
Em——— 64.7% Source: Voicebot Jan 2020 @ voicebot.ai

HHRIE: Voicebot. ai

XEFTZAFRBRAE BT FEAE, NPT LUEEN
FREFREESAGWERR, £, % . Dodge#lz F M &
AAHE, BRARENEEGEEE SRS, EHERMK, X
T L REF B FHAE, APz amkER TR/, L5t
AR RN F AR L EREFTHF,

Bk 42 XEFEBEFHFIENAGE

84.0%
73.0%
Ask for directions / navigation
@ ! 52.8%
49.7%

Send a text

54.7%
38.9%
Start playing music
377%
27.0%
Start playing a radio station
20.8%
14.0%
Ask a general knowledge question
14.2%
13.8%
Ask about the weather
15.1%
13.2%
Start playing a podcast
27%
10.8%
e s
TR IR

Ask about restaurants

13.2%
10.6%
Place food or beverage order for pick-up
10.4%
9] 21%
Send an email
6.6%
® o
Control in-car features like heating or windshield wipers
3.8%
3.5%
Ask about movies
ﬁ 57%
19%
Control smart home devices
- 0.9%
1.9%
Shop fer products
-E 1.9%
) 0.9%

@ voicebot.ai© Il Daily Use [l Overall Use

Voicebot. ai
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XETHFERETHFNIELATF, TRE. [FHE,
REFEE, BHER, KEG., WERA., RIREZEALA .
ErE, FIAEF ZL—FIIANETHFEFTEN,

e AR E E SRR, #A W E R EINOMI.

Bk 43 XERFHFAXNEREFTHFRRE

Voice Assistant Influence on Car Purchase Decision

36.9%
31.3%
— e
e d D
.
A
D —— e
[ —— D ———
D —— A
.
. _ _
A
.
./
Itisa ltisa Itisa No preference, but
Not at all minor significant requirement that | do want a voice
consideration consideration the car support it assistant in the car
@voicebot.ai | CAR BUYERS THAT WANT A VOICE ASSISTANT |

Source: Voicebot Jan 2020

HFHIJE: Voicebot. ai

XEHFREUEHNEFEHFHNFERE, REHFHFLE
EH B FH AT 2,
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Bk 44 ¥ N NLU WA ER R

On-device processing Cloud processing
(always-on and real-time)  (services)

g CEE O
recognition

(ASR) ! !
Service manager

Natural language
understanding
(NLU)

Text-to-speech

i
= o Co

Cloud centric (today)

FRRIR: EMNOE
BT ENE TR T T PC, FIAFRHEFTHFA
HoHEXRRAELTR, WALV A FLERABR S ELRE
EHIT R, WwHEMAMBUX, HiskdZw NEFHRBAE, A
FHATADCHE MK Tk, AL KERTMEZRFURLE
BEXWES, BULRENES LEE8 =W, =mRiHEE

B HATASRAINLU, R 5| 53R B 7 i & FF 283 0 44 LR 4 A
% MCU,

Bk 45 FRIEFRAXRESE

On-device processing (always-on and real-time) Cloud processing (services)

Automatic speech m
{ i

recognition
(ASR)

Service manager

Natural language
understanding
(NLU)

Text-to-speech

(TTS)
CZm

On-device centric (future)
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FAR IR EMNAE

BLEEKE AW, BASRENLUA Im N EAL, BKWIE
MTRATwWRHE, THENOTUREELAER. BAER &
(RARERFRAMRIEHEST &, EMh L7 LR E
H, RIRE,

#3000 % — RMBUX £ SoC 4 3& ff ik Xavier NX, & & #H &
R2ITOPSHAIS 77, B EHF AR ER, XF277 AR EM
(NLU) #9iEE, BT "I LLAT E £ xbiE 4k, BB 0RH BE %
HWE T UARATE LR, R, BEEHTAEGTENAFLF
M, RAUERENRGEEEMAHIENRE, 7 HEE
wH R E N, NEREEMREWNENL, A EEFN, o[
£ FlCarplay, WA HFEFRA, REFFEAZREZILNF
HMAFPKF, XHEMNMATRE. EXHFWEHA BRI, FH
REAEE IR RIS A B REL R, ERRERSWAE
T2 W MR

BEHTFEBRALAZARE: —REHRLT, HR2T,
BUSSE (Speech Signal Enhancement) . — 2% E % 3 )| 4 & A
HE R E AL, =R TR AR AR R B AT R .
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&% 46 Cerence SSE

[ The customer is a passenger ]

AJC duct resonance ]

People on street
(customers)

[ Exterior noise

Interior noise

[1]
Booming noise B

Rattling noise )
yw Road noise EXhaUSt noise
‘ AR

Exhaust pulse

Rear A/C duct noise
Blower noise

‘\;;
Suction pulsg’._
and flow ‘1"3"' ?

noise'§§

i, [k
N7

O S

@ Generic microphone system, single
microphone or microphone array

o - - -

o WuW Event

Recognizer

| Cerence SSE Speech Dialog System

R IE: Cerence
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ERENETERB T, FREFHTFRANERAET
gEfEEt, FTEERETHFRAGRELWRAETTH
B, 2 mt—REIZ N mAELE, FEEA
BREHE T F WIS A EMITT0%H CerencefySSE, A3 B F
HR, BERE, BELE. AGCHEFE . g F 6. MR
o HREIRKA T RRELE NI M4 2, Cerencefit B E| R 42
&AL B Bk A AT TF & e A

EABEERA NI AREE, SXATE, EFRERFAF
RERNE, HHETRMERERINE, WEEFNFAR
SESMEEZINRBA, RBESRBENENEF 274
TN FEHMNEFHREERAKE, XFEITRR ARG LMIT
& REERK.
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Bk 47 EREFHFREFIWEARY

Engines ML Techniques
Speech Signal . .
* Feed-forward DNN and Gated Recurrent Units (GRU) for noise
Enhancement reduction
(SSE) '
Automatic ¢ Feed-forward DNN (FF-DNN) for speech detection
Speech e Linearly-Augmented DNN (LA-DNN) and Long Short-Term Memory
Recognition RNN for acoustic modelling and language modelling
(ASR) *  Multi-Task and Transfer Learning for cross-language training

Natural Language
Understanding
(NLU)

Text-to-Speech
(TTS)

FREFHFAANAT

Word Embedding (WE) and Sequence-to-sequence (seg2seq)
Transformer for intent classification, mention extraction, and
question answering

Gazetteers, literal annotators and Corrective Training for quick
adaptations.

Pre-training and Transfer Learning.

Bidirectional LSTM (BLSTM) for prosody prediction and unit selection
WE, Convolutional Neural Networks (CNN), BLSTM, Seq2seq
Transformer in structured combinations for linguistic analysis
Seqg2seq, WaveRNN and others for neural wave synthesis

Generative End-to-End Neural Synthesis (GEEnE) for cloud TTS,
combining the above with Transformers and GRU-based NWS
Structured learning and Transfer Learning

KR FKIE: Cerence

FEANAEYT, SEE%

SR E

F I AE, EEERANAZLSTM, 5 ZRNN. H #] 3k 5L RNN
KRR RERNEA, HAYE (D EEBHREETF A,
() TUEATEZKEAN; (3) ISTMZTWEI N, HHFEKE
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Calibration

Gyroscope > Complementary Filter

TComml: <Dynamics>

Accelerometer +>O<_ Vehicle Movement Model
3 x

Vehicle Data:
Wheelticks, Steering Wheel Angle, ...

GPS

Fig. 4 Sensor fusion data flow for in-vehicle pose estimation (left). Visualization of pose data (blue line) and raw GPS data (red dots) are in
Google Earth (right).
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STREAMING CAR + STREAMING CAR + STREAMING

Premier Select All Access

$1 for 3 Months $5Imom1z Months $8-25/mm1z Months
with a Premier subscription. Then $13 a month. Then $16.99 per month. Then $21.99 per month

Fees and taxes apply. See Offer Details below Fee: axes apply. See Offer Details below Fees and pply. See Offer Details below.

= 0¥

Al your favorites. Listen in your car, on your

=0 5=

Our premium streaming package. Listen on Our widest variety of entertainment, with the

your phone, at home, and phone, or at home. Channel lineup varies by power to customize it to

online. View Channel Lineup radio device. View Channe eur you. View Channel Lineus

AN
<

~ 300+ channels to enjoy on your phone. at home, 325+ channels, including 155+ in your car. plus even 350+ channels, including 165+ in your car, plus even
and online more you can stream on your phone, at home, and more you can stream on your phane, at hame, and

+ News, entertainment, comedy, and sports online online

« News, entertainment, comedy, and sports

<

News, entertainment, comedy, and sports

¥ Ad-free music for every genre and decade, plus
streaming channels for your party, workout, and ~ Ad-frea music for every genre and decade, plus v Ad-free music for every genre and decade. plus
more streaming channels for your party, workout, and streaming channels for your party, workout, and
~ Thousands of shows and videos available on more more
demand ~ Thousands of shows and videos available on ~ Thousands of shows and videos available on
+ Top sports talk and analysis demand demand
v NHL®, NCAA® play-by-play ~ Top sports talk and analysis + Top sports talk and analysis
v NFL play-by-play ~ MLB", NBA, NHL", NCAA® play-by-play v MLB", NBA, NHL", NCAA® play-by-play
« Create your own stations based on artists or songs ¥ NFL play-by-play and NASCAR" races
v

you choose

8

Two dedicated Howard Stern channels, including
video

72

Create your own stations based on artists or songs
you choose

v Two dedicated Howard Stern channels, including
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K& 70 CMS 53 F A EHAREH X

Test Object Position Sedan P&sable CI.uId
annequin
Dav/N Longitudinal Location Driver/
i 3|'1t With Respect to Test | Passenger CMS Mirrors cms Mirrors
g Vehicle Bumper Side
Driver Visible No No No
5 ft (1.52 m) aft of front —
Passenger Visible No No No
Driver Visible No No No
10 ft (3.05 m) aft of front — —
Passenger Visible Visible No No
Driver Visible No No No
15 ft (4.57 m) aft of front — —
Passenger Visible Visible No No
Driver Visible Visible Visible No
Day | 5ft(1.52 m) aft of rear — — — —
Passenger Visible Visible Visible Visible
Driver Visible Visible Visible Visible
16.4 ft (5 m) aft of rear — — — —
Passenger Visible Visible Visible Visible
Driver Visible Visible Visible Visible
32.8 ft (10 m) aft of rear — — — —
Passenger Visible Visible Visible Visible
Driver Visible Visible Visible Visible
82 ft (25 m) aft of rear — — — —
Passenger Visible Visible Visible Visible
Driver Visible No No No
5 ft (1.52 m) aft of front —
Passenger Visible No No No
Driver Visible No No No
10 ft (3.05 m) aft of front — —
Passenger Visible Visible No No
Driver Visible No No No
15 ft (4.57 m) aft of front — —
Passenger Visible Visible No No
. Driver Visible Visible Visible No
Night | 5ft (1.52 m) aft of rear — — —
Passenger Visible Visible Visible No
Driver Visible Visible Visible No
16.4 ft (5 m) aft of rear — — —
Passenger Visible Visible Visible No
Driver Visible Visible Visible No
32.8 ft (10 m) aft of rear — —
Passenger Visible Visible No No
Driver Visible Visible No No
82 ft (25 m) aft of rear — —
Passenger Visible Visible No No

H R IJE: NHTSA

ERA CMS SHBEEFFXIL, CMS X THRERFEER
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IEEEP2020 # £ .36 = & b 0y Brd e & ok B4R & A4 ok B
Ao . T EARWK A, TETENNR LA EE KT
. THETENATHREZRELRBEAZNERIE.

FE W EN A E, FEEN GB 15084-2013 (AL % 4% |4 £
MEXEMRMZRER) B AR RERE T ENE, EXLL
AFETEMHBAHKBEENE, EAK 12| 2 £K1 15084 ©
FH7 4 Bk £ UN ECE R46-2016, T — KA MR fE & A F K.

% [E] NHTSA 7 2014 4 2 ¥F £ 1 CMS, {E1 g8 72 2 B 4t
KR AFE. BRAFAERATTT &L, 2019 £ 1 A&, U
WA 5 F, A CMS MAE R HIER 54, SAE IE 7l 2 Y
13155 7N A 3 A 2 4 H CMIS BUR % St B 338 R AT 4
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ISO 16505 #7 /iy H By 2 A # R AL M % R 5t (CMS) 32 B & K
[REWATREZ S, AMEIEFHMERER IR A %, BN
HEEHANBERFAENISEATR. ETENELT, YREFE
FERAEHAAL CMS FTH#E N EREETREZUTNESR
FH ARG,

EFREXHENKTE, CMS WA — MR 4.
1SO 16505 [E [T Ar /&M A T H % CMS By 3 A 77 T By — it B sk Fa il
Rk, PlafH A%, BEEE. W, BAX%E,

WA, ZERARERR T X T CMS R L EX F AN
GHERWERANIA T k. BT EEHR AT R TS,
TR R 2 AT AWEE AR E 7B (Bl il ]). e
MR K EE X AR, B CMS R T E it F = i ek

N
<~
o]

AT HGIEAXNR, 7B TR 2 AR (I
MR E A TH &) B R S8BT ZERANR T %, A7
ML T BT IEIAT A AR AT A B B R AR k. B E A
%t 15026262 B 1h B 2 2
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K& 74 CMS WRFEE

Image
processing

Test Camera 1 (device
chart under test)

Monitor Second camera Image for
m; X n; image (high quality) Imatest CMS analysis

Camera 1 output (input to monitor)
(not always available)

FRRIE: ELEBRH

CMS By 7% B 2%, ’&RBR R, FELTVHEGE
BWE, BIR@ENTE, REMASLE, Sharpnees, =&, #4]
B, 8L )EM, Artefacts, JUTEFZ, Wi HERELE, MK
B — &2 Imatest, FEZINRFREARF ., FWHE L ISO-
16505-SFR, MTF 44T, " & % 1S016505-GreyScale "¢ &= &£, 1SO-
16505-CB # % #% + | 3A B % . 1S0-16505-Color M|k & %, 1SO-
16505-Gray18 | 18% % F -
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K% 75 ADAS tr CMS 2 % i, 5 22 1y I

Sequencer DC D —m=  Left Mirror Display

: . Signal Level [iniiat

i i SR Video Intet —»  Right Mirror Display
: - H Ide0 Internace

| | Bufering

LD | ' ]
... Discrete or Integrated PMIC. ! DCIDC Boost B Ehemet PHY el

. ADAS
Buck/LDO Load Switch P ADC - CAN PHY —
Reference

Processor Power Supply

Vehicle Interface CAN
- Network
2 (Safety) MCU

LDOVHigh <25 [ Budk |

Side Switch GPIO - —
. - Termination
Side Flash -
Mirror ¢ 7* ) ‘CE.Z" Digital Processing —
Cameras POC Filters T ¢ Memaory

Camnera Interface - Temp 3
st i
o Control
Clocking Tl Loy Watchdog

Diagnostics & Monitoring

TR NS

CMS 7] LLg- 4 45 B o AU Ao oK m ADAS &, & SE i AT =
A B ADAS B, RSN EWmIATA, WEXKELE R
KMNEENEE#H. BB RZHw LE, FERNRETEF,
BRATMK, POC BN T Fl s giften, M BEWMEEATRME
POC Y & &, U /D B B B A7 1R B9 IROT . 1B N DU 1835 1F A
DS90UB953 f DS90UB954, 7 5% 4.16Gbps, ¥ & X #F 200 /7 &
Z &1 60 Wiz 400 77 % % &5 30 Wi,

4 oR A F LUK =M it — & FPGA; =& T iF #Y ASIC;
= Rt Lk AR AT AL SR R AL & XS o FPGA B i Lattice HY,
- 3K

/
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FPGA IR VEE e, ENE xR/ , WRES 4 BEEWE
FlZ& CMS, A~ FPGA By [ 144>, (B2 % E FPGA, £ &%k
TEFEURENEAKTHN. BN A EE AR E XA
FPGA 77 %,

ETETE 2019 4 9 F & F- RAA278842 F1 RAA278843,

K% 76 RAA278842 fEL£ &

YINO+ / YINO ~ (BT T
YINO- / YIN1 20-Comb P
DIAGO / YIN2 D o ﬂ n
oG/ YINS | | 2a
n
Al
— .
o
{ Interi — — 0sD
ones DTV Interface - = = -
S alzillgl g¢ ——
Open-LOIL %‘ H al 4 i pel 1
Open-LDI2 LVDS-RX g |
e ] (1
osD
MIPICSIRXL MIPICSI2 SSPLLL
. o o |
o L s
= MPOL
— {essrenana] o ;o
TEST —f m m _SSP”Z = MPCS
i (RAA278843)
L{D p lzc
\——Y——J
Pin Shsring

RAA278842 HEZEE 4 b, Wy A\ /7 ®WHH MIPI CSI 4 i 8 & 5
AGbps M # %, WA 2 W LVDS i, &5 X HF 1920%1080 4~

PR ALK YCbCra:2:2 #Hr H, 4.5 —/> MIPICSI4lanes # 4, 4
¥ ¥ YUV422 124 H B RGB #r .
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LA OSD Bor, LHFAMPMEF ZET SPIFlash 1y F % T
&~ (0SD) , REBENANGTE F R BB EREAFMERL
s, T RONAFFEE BT E R E G A, B &
B B A R 3 BE R LR LDUR B R ] o e R T R

DL E R B KA FMVSS-111 &4k, BIERAZY
ARERETEMENTAYHNEHBEALTEFRETWE AKX
B, H&E KA YS i 5 e R A M E O\ By AT T R 9 S0
K, FABERGRMBENNME;EERE, UMEL LCD £
PR, RERABEEGRE WA M, JLFHKRT HHH
1 % 1] RR T 5 B e B |G CK AN B A IE# SR A Tk BoR
WA R, BT ELERAREREFTE LA ES (BT
BIERAS) , RAA278842 F[LLfE 500 Z2M WK HE G LEG IR
£ LCD £, T # B ¥F % OEM Ri% 5 o 1 & 3K

RAA278842 f1 RAA278843 [ 5 % [i* R-Car % %] SoC. RH850
A% MCU 71 RL78 R %] MCU % &, .7 LA F 15L78302 X
LDO. ISL78322 X 2A/1.7A [l % [ JE 43 /& %541 1SL78228 X 800mA
Bl ¥ e AR E R AR E B REAR R RN AN RAA27884x K H T
IC Bt e,
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BREATE, RITHAKR, BF A EMAZERR, 4
TREANDN, TNERRKEZH. 6 THT TERKAENRT, 4
MERET. HO 7 TUTEFFRIETERE OHEA
1,280*720, H R H —3, #AEF 48 NJO68IA-07A, 6.8 <, *f
b E A 900: 1, =& 4 550cd/m? (Typ.). L1EIEE #-20~70°
C, Ff#im/Z H-30~80° C, Mf#kalE A 1.5G (14.7 m/s*). X
40 #7838 LVDS F . ®EBK, TIRmEBE, &Rk
F 3| 1,024*768, A 7 A 77 1 TV070Z8M-NC0-28P0 F £ 5, 7
<, X E 4 900: 1, =/E N 100cd/m? (Typ.). L 1EiEE #-30
~85° C, Fffim/E #-40~90° C,

HGEERETH, BEA=ERGHSTE, GEHTAK
B, *RI TSRS EEL LT MEEKLT 60Hz, HE
RGB #3, TOEHEGLREZEFAMAENT Y, AHZ
B, %A F B AROLI32AT Fn & BB IMX224 iR A3,
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2.7 OTA
OTA Bi = s 7+ %%, —f% 4 FOTA Fo SOTA. Bl # % [E# OTA

EELE T EEYM OTA, w7 6% % & ECU I e S5 4l 5%

MR, EE T EEN AR, R EE,

FrHT R H FOTA, EOTABRUFEZZE% 2, ©LE4
AW OTA HER BT, J/LFZUT FOTA ¥, —E% % OTA #
71k B 2015 YR LE S]] K Redbend, U F UGN E N
0.99 1 T EF 071 w4, N 1.7 12E7T, KENHE
"B 4H 41K, Redbend 2 FHANEE — K OTA A B, T
& H E AL 70%.

K%k 77 OTA A &H

UseCases  NevgatonUpdsle  InolahmentUpdate  ECUUpdsle
End User Application
wen | OperangSysomUpdale  OTAWADAS  TCUUpale

rrrrr

Application Providers - OEM
Providers
Zeols  WgNuance |
OTA Platform olonomo MOVIMENTO
Providers ?dvanoed 7 anypga
FUﬁTSU 0 platform providers lw ngpplunoﬂo'ndum

Component
Manufacturers ”

FRAE: ELHH
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FHAE A AT A T e M E T bR AT R FOTA RE T,
MAELKFRE AT BREALEAA, REFLERREHE,
BB R, BT R RN, BAE S F WEER
WHRRE, FRFE — M-I FREaFAHE 75 8F, T EE
RMEEEF —MEWNR, KEEAELBAKF,

HA NI A A, REZRIFTHEMEE Q8, E/E FAM T W
Infotainment ¥ & MOST & %, XA& 1998 FWIXITT . YA K
WEZREBK AT AE, 2020 £ RN AHH MEB F & . FFHILEA T
w Ak, P LU R ST BT BN

Bk 78 OTA {5 i g & A %

Other key platform
providers

Red
Bgnd

B\ g NUANCE
If/—\i: Zeeis _
- "..' ,.a__.
Airbiquity
Advanced
Telema‘g_g A

= Top 4 Players = Others

MOVIMENTO’

93



2021 ERELREEM G HH

PR OTA REA AR, B A EHBRZS e R TR0 ERE,
PRSI E R R R B FALOUE 10 FLLE, EFE 15 £
b, FEEEEARRAZ SR M Flash = A% H . AR Z IR
WG EE IR, SATLEE OTA Mk, BERHEXNAF
MEMHERRE, AMAFERLRGEEES RS,

E& 79 OTAW =M EXH

Opportunity Area Key OTA partnerships for solution delivery (SOTA/FOTA)
‘OEMs and Tier-1s '

I
i
'
OTA solution
providers/telecom Service providers can H
providers/componen partner with OTA H
t providers solution providers to i
update the application !
to build over-the-air(OTA for OEMs and Tier 1 o ) '
enabled su\utnmfs ) talat X | management technology, will enable every ECU, regardless of memory, CPU or network E
| _resource, to bepefit from secure QTA updates_ _ '
A Ecnn | Red Bend automatically delivers OTA updates of new user interface elements, maps an
s .
. GARMIN. it |_points of interest to Garm ment platform

i

i

'

i

Autonet i

Partner with OTA o

solution providers to VECTOR B i

to deliver over-the-air(OTA) provide solution to '
app updates application providers s .
motion '

service provider can -, ! For smartphone based over-the-air (OTA) update solutions, drivers use Autonet Mabile’s |
B gAT&T Autonet | integrated telematics solution to control their connected cars remotely through an app '

|

'

partner with OTA Lon )
to build over-the-air(OTA) providers to bulld/update |entheirsmartphone .. !

compatible operating systems customised applications
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K% 80 FOTA i &

—————————————————————— Y s

1 I

| C 1

1 1
) paign orchestration

1
. CT )M 8. Reporting
i 2. Upload i Connectivity Cont
1 \ 1
v
)
1
j : 1. Authoring Central storage l’ ’ 5. Installation >- ‘75 Xenﬁcauon
- ey
- FOTA Master ECU_—  7a. Rollback |

FOTA Target ECU

FHEIR: FpE

BRI RN FOTARE S 8 M R: B—FERNEE
ZEH. F_IRRETHNHELCAEEEEHNMRSE
F. F=FZ OTA WEHRA, A 5EZH R EHN LY,
MR R ERAAN, BREZ246, WEZRE R AR LZH
OTABE Rz B 89 = B TERL £ X 31T . Redbend Z T LA 37 & &
RHET SO%ERANREFTORD, TFEHZRBEERR, LF
&R B F e F AR

FWHZAE LW T-Box THEF @, THEHEFTLFMH
#¥. FLY R WES FOTA £ ECU b, gt 2+ &K % ECU,
R A KB BAFECU., Fo<F, BAFECU HIA IR,

%L ¥ A%k, B Autosar B FOTA, 2Kl Windows HY
AB A RXFAL, HEHEEARX, FIHHFAEBX, FRET2IH
BfrE R ER R, RMNEI R NI AL BT ER
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WaA—%kGE (FEEEERE) , UL B KE#. FLEIHHY
OTA it +4%#, —E B3 OTA st E 45, — s 5. TEE
BRI, ECU 2L W3 ey Pl I SEH L, R XIF IR,
W E = EREFRERA, HEEANHIRER Zm. wRAE
PR, MBEHRE. F/\F, BERZmRE &

XA FOTA B A~JT Redbend X # % = /7 89 ¥, OEM =
Tierl W TIEE /DN, BH G — G %,

Bl 3 7 Autosar A7 BEAF 713 i T — ) UCM AR 3k 5k % i OTA,
UCM Z X7 OTA B FAMELEHLN . EOARAE, i FOTA
R wRE, ANA#HERFHAAFE OTA, UCM Bl Update
and Configuration Management, & i it § & ¥ Autosar H
arazcom R4 FE LALLM eE, RAELEW AP, g2 d(E
T ECU EH A FEAI UCM. TiH I EF L OTA = F X H
TP & APL By, A AFRRER S AT AN AR OTA, JFE W E &
o Mo, UCM 7] LUK AR &7 8 B AR A7 68 B o, AL FT
PLi% B UCM Client 2 UCM = Server i& sk 89 i 5 AL B 44+ &,
THFESFHEZY, FRNEFTUSAENE S H, UCM XF
T IR A 2 /- Client B BB o 30 R e 7 40 70 & LB B
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2.8 [RHHEHIRS

Ex 81 ;'EAS)E??HE o

AR B

FlrEFEW S, £ 7 Rfu R ABWEH, =
5B, FIEEEE Rk FAER A iPad BIANRE, X
AEHEES, WA URE, ATEHREZERER. ZRf
J 3
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Ek 82 M A8 GHEHE

FA R B

B A N EBE RN SCON2, & JL-F ¥ LULAL 2] w7 HE 66 1 3
B BT 8T 0 Bk

SCON2 et F 8, @R T EM. X, FHHEEK, ©£E
KE, THRE, FEREFF,
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% 83 SCON2 =¥ ¢k

£ MEDIA

@ ® ®

‘-h-mnllluhumn

< SOUND

Display: Home screen (left) and sub-menu (right)

RAXD102

S

Symbol / marking

Applications

Description
Selecting and calling up applications. Depending on your vehicle's

equipment, you may be able to operate the following applications:

SEATS, LIGHTS, MEDIA, RADIO, TV, TELEPHONE, DEVICES,
SOUND, SETTINGS, TIPS

Air conditioner

Setting and operating the air conditioner for the rear cabin

[=J Quick access bar

"y Home screen

Swipe downwards once with your finger from the top edge of the
screen to open the quick access bar. You can adjust the volume or
access the telephone functions during a phone call

Calling up the home screen

Q@ e @ ©

~Back

Media playback

Select left/right for vehi-

cle functions

Go back one step

Adjusting volume, accessing telephone functions during a phone
call

Switching between different seats

FARIE: B
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2.9 HUD

2.9.1 HUD f& 4\

HUD(Head Up Display) ¥ X —# ¥z A6k B, 2 KK
A (Windshield, W &) Fff & 2~ (Combined, CA) ,
HUD & & W #L7E3® H #Y Corvette b, B |82 2001 4, 2004 4
FHEHE N E LT HUD,

K& 84 #& HUD WREXEHE

Housing cover

>

Holder

Optical bench

FHER: AMHAE
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FW G B A7 EH HUD BIERE, EARBAFRM. VID A
2.2 K, HFOV % 6 &, VFOV 2 &, 73 % % 860*480 . H I
C & HUD BEEZ &£ AH K.

W B HUD [THi# &, NAFWAEXRE, HAEERZE &
WE, MATHERTRENEE, BEKXK HUD ¥ UERE R
HAEHmEG, Fi, EREAFRNABFHEAZNE
KE A AMESE XA EREE R ke~ Ik KA 3
s, BENRBWAZE 5 #CK (0.005 mm) LT, d T
B EZNTEE A, HUD FAR W& 1 = B A #5715
wl (BATENZENETZERE) , U R BB E R .

2R AFHA, EEMGEMA L0 FIERE F EH
A, HUD W C¥ 51 % 7% B 4, # % EARA e,

HUD H# = M AREHIKREE, &% A& VID(Virtual Image
Distance), M EKRIEE . HEKXZ HFOV A1 VFOV, ACFAR /A A0
ZHWA. &G Eyebox.
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K% 85 HUD %45 %

Virtual Image

Eyebox

AR BMAE

VID mEHE &% D? HA14E HUD WA R 2L AELE R
WA B B EACS BAR LA k&, B oM ABREEE A
NERZEAREHFERFAEER, AERAEER 2T
WEF, AR, —RABEFHBEHEFEEVEZHI =1
FHWFE, WHREANTS K, AT HEREFENEHAEE R
VID Hy & & =& 10-20 K. T E A FrH HUD 8 VID #7143
25 K, W ERBREEMAFTEMEH AN HUD 2|5 & 2 5]
B, FIH2REEE,
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K% 86 HUD % VID

Augmented Reality HUD
Virtual Image Distance

Traditional HUD
Virtual image Distance

FRATR: BHOE

JRARRA A, XHRESFHENFA, AREHR

AR, B A AREFHRFTAD N w DA AZ 078

i (1 304 aremin=1/60 ) . EEBIHEER L,

FREFFE LA KGR ENR N, $E L EEBA R & /D
WAn 1 aE (1/60 ED .

K% 87 HUD # X WA Z MM <%

1600
1500
1400
1300 0
1200

1100 Eye resolution |
1000
900
800 WVGA / m— (0.8 arcmin/pixel
700 — 1 arcmin/pixel

600 / e 1.2 arcmin/pixel

500

ENC

Number of Pixels

400
300
200
100

o
n
B

6 8 10 12 14 16 18 20 22
HUD Field of View

FARRIR: N E
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FE A HUD & S AZ AR KR, 40K HUD B K-FA A
A 14 &, A2 HUD By 4 5 2 WVGA, R /K-F A1 /A 8 ik
2%, MHFET20p N0 HE, BH N2 ERER, X

EAK, REZESRLEERF, B HUD BT HE 4 2000:
1 2 P RWEIFH., £F —A Eyebox, F¥WE — il KiE,
i (Interpupillary Distance, f&#% IPD)

El& 88 £E AW ME A

~65 mm

. Pupil diameter = 4 mm

A ® & ’ ® //.— 25 mm
60 mm o— & + /_‘_ 0 mm
v L ) + ® + @ — 25mm

-65mMm -325mm Omm +32.5mm +65 mm

< >
140 mm

TR EMAE

tHREAWMBRERERE, vEAGITERE — A,
Eyebox I E R TR EKF 140 2K, EFH 60 =X, KFR~T
HEME 140 EXAE G, MEARTNMENKRES . — &
#11% 289 W & HUD, Eyebox & 168*60 Z ¥ .
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PGU BT = & 7 T, HEl £% & TFT-LCD, &AEMLE
—FH EM DLP 4 & AR-HUD Wy E L, 1H7E dui8it A Em 4
&, KR TFT-LCD L& £ ii. LFATH LCOS, EAI AR
R ERER, meBHalxihaaasrtt,

TFT-LCD Y PGU ¥y = E M f2 B & H A IDI A&, AR T RE
B 7= PGU, XA ZAMT HUD R ETERE. SFH AL
ARGl A, EINH KRG MR T TFT-LCD B PGU. H A&
IDI ALK PGU 7 b A R L 80%E £ E s, EAHHK
bk, BT, HABI=ZFKE HUD BT & F £H 60%/c
%o

K% 89 X% PGU — X

BER T 112 1.8 26 3.1 41
screen size
K& MP frioed ES Under Development
status 10% = Under Development
H‘L‘WEE T-57T196GDO1IHU-THXN - T-55931GD01ISHU-T-XXN = T-57236GD026HU-THXN = T-5TG3EGD03 1HU-T-XXN TBD
Ppart No.

SHRE 300 ) x 160 4800w x 2401 800w x 480 800 w0 x 480 1280w x 540
dot pixels [R.G.B] [RG.E] [RG.B] [R.G.B] [RG.B]
fﬁ#R t_r 0.028(wW) x 0.0B4(H) 0.0284 (w) x 0.0852({H) 0.024(W) x 0.OT2(H) 0.0285(W) x 0.08550(H) TBD
pixel pitch [RG.B] [RGE] [RG.B]

WSLLRE 1200:1 1700:1 1500:1

contrast ratio
f“:fﬁ 298 298 359 298 352
BN 7.1% 7.3% 8.5% »10% 6.3% 8.5% 7.5%
transmittance
: A5 RGB stripe
pixel arrangement
&R 262k colors 16.7TM colors
color depth ’
Vil i ) P
LCD type TFT / Normally black - mode / Transmissive
BuEEIEA N 18-bit digital RGB .
Bata Rl interface(6-bit / color) + CPU or SPI LVDS(JEIDA Format)data transfer 8bit + CPU or SPI

FHER: 7R
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FEPGU — BN E&x, HRi31ETELEFF, 41 % TH
ZRTH L. BEIES PGU H 3.1 £, AR-HUD /4 E 3.1
¥ ~f, 3E AR-HUD F E A H A 1.8 £ £ 1.1 Y,

2.9.2 AR-HUD &/

K% 90 # T AR-HUD
- : ‘

FRRE: BT

A A ID3/4 H i iTHy B Q4 # £ F T AR-HUD, AR-HUD
HRE TR TEAR, JL-FBrA 893 4 ALK # A AR-HUD,
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W E G E K%t (BFPGU) % LAY HUD 4 TFT. DLP ##
WA= KK, WAHLTTHR D AR KB LCOS. %IRRT LLag A
LED Ft ot i Ak, BHEFZREEAT UL H S . 25K
=K%, FriB AR-HUD EfTst 28w T AR AR E (WHEE
WRER) , EENEHER wE EMGEAAINE T FAtin

ADAS 1z &.,

% 91 % ZEM&% HUD #%it
R|RIKD Near-position image
AT—HAIEER Car-status information BRI Far-position image

-E5R Speed
-Eﬁﬁg%peed limit EEEZIRIAER Driving assistance information
- )L—hH4R Route guidance

- 15551k Road sign
-ACCEZ‘E‘TE?E AC% setting -FCW (RI75PEZEEE) Front collision warning
-etc. -BSW (FEAE=Y)ZLS) Blind spot warning

-etc.

25m

3m
5m

AHAEICKD, FBEZIEBERTENBR{RT
The sloping plane contributes to presenting
2-Plane HUDDZRRKH#AL driving assistance information without
Image Configuration of the 2-Plane HUD causing incompatibility.

EREIR: HAKN
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FHEZEERE—A HUD | X HARHLE £ ZEK HUD %
. BERGERZE TN ANMRERAERGLE, ZYEELTE

B E M ESER.

Hlww e, @ R m—
&

% AR E % 2

RE—MIFTILERELE, WERMF
, HE WK B

VID —#Z 5 % 10 >k, FHEHZER VID & 2 X,

Bk 92 TEHUD 4 #E#KEH

%5k &R X
% % HUD
(Multi-Plane) (Holographic) (Light-field)
AR B ELER Vi NEERE ALRE ESRE
(&S &3 {8 e [ #
B e 1% [ # &

FHRRIE: & BAH

Bl w2 E. £ EZX ¥4 H¥E PGU 5% PGU H ¥,

TR A HEi A4 B9 AR HUD, MiZZF A PGU, —MEFEA
KGEE, IERNEHER. #— M2 AREBRE, LIH 0 E
AEHE, TUHXEHELE HUID RE—METE, AT

HA& 2.

HAEEZ 3 KB VID, AR E% E 10 X VID,

108




2021 FREEREME H B

Bk 93 ¥ A4 AR HUD

Audi Q4 e-tron

Augmented reality head-up display
03/21

Image for status area
Fold mirror for status area

Fold mirror for AR area

Image for AR area

Pivotable parabolic mirror

TFT display for AR area

TFT display for status area

Light source

FHRIR: B

% 94 % Q4 AR-HUD By VID (i &
Q11D)

Audi Q4 e-tron

Augmented reality head-up display
03/21

AR area, approx. 10 meter Status area, approx. 3 meter
in front of the the eye in front of the the eye

FHKIR: B
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H% 95 WAEHT HUD &## <& HE

Focal
point

FRRIE: LM
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2.9.3AR-HUD B A: AFREXLKER

K% 96 —E®mFHXFAE AR-HUD FRHA

% Eye-tracking camera

Windshield

Light-field 3D rendering: ¥ 2z
- Sub-pixel allocation Left eye fr T SR
- Content rendering XL, VL 2

(b)

/ Mirror

Light-field ;" 7 Mirror 2
display i

Virtual eyebox
xl‘ y!’ Z’

FHRRE: ZE

2 AR-HUD By 1 /& F & — /AR ZR 18 BR 3R (R K 38 BRAR 2R
W E, BEELARREJEEL, BB wWHFERS Ky, 47 TOF
BHk, Bh LRI, EXRNLEEFT @,
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E& 97 —E B FHXFHAE AR-HUD & Lenticular 4

Low High Low
crosstalk crosstalk crosstalk

PRSI
N
N XH b

AWkE: =B

Display panel

[Sis] Ja Ju]

Lenticular lens

A

= B EFHotim A AR-HUD HI A /8 & Lenticular & 45 .

K%k 98 —E®w FHHE AR-HUD ZHEHEA

Virtual image

Effective lens
Eyebo " Virtual eyebox

D i e e . 0
T &4 - ) - | [ 1 TMVEBWEB

WEBl g—r b= szt pesis : l Win

dlM -.r\—>:::::::::=t ’

A

KK = Ev 2 & X AR-HUD,
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K& 99 = E ®BFHFHAE AR-HUD B33

Parameter Design value

FoV 10° (H) x 5° (V)

Virtual image distance 7000 mm

Look-down angle -2.5°

Look-over angle 0.7°

Eyebox size 140 mm x 80 mm

Optical resolution, mean (range) 0.6 arcmin (0.25-0.9 arcmin)

Optical distortion, mean (range) 0.6% (0.3—1.0%)

Horizontal BM as convergence or divergence, mean (range) 0.4 mrad (0.1-0.6 mrad)

Vertical BM as dipvergence, mean (range) 0.2 mrad (0.1-0.6 mrad)

Brightness drop over eyebox, mean (range) 3.7% (1.9-5.5%)
FRERE: =&

ARBEAFTE, AEMBEALAEG, #EEF, HEHMWHA
A, —fMEKXKST, —F & LCOS-SLM, LCOS-SLM i & #[ 4 &
Bt HUD 1% A

BHFEAFT M 2 ZH, BINRABZHLEE R G F,
ARERESHATERT THFEERNFRENERLY,
FARFW—f, RALERERNTE LD E BRI .
FEAR-HUD ¥, EMEGRWLREF THALMF, “2RH”7
RRsE, BB W T P R sy — B3 3 ok B R 4T R0 #H TR
ST H R

EEARLE2RAFTFEH A ANFMH: (1) ERNFATE
FIMAFEELWEABRN eI E,; (2) LHENEIFHNS
AFEATERA 0co MNTRAGBIRE, KIFHICHE®
BCHEBEERY, B “2 R4 REWK LEHmEREw 7y
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BRBER. s EBEFRFAATEHER, —HREALTF
EGAZBAEN “7 (W A% /NF), TUEBH “FAT
tHt, FATRE”, FUEERITRERG N FEN— -2
BT

K FRAR L ULg 4 JL A+ (Geometric Waveguide)
04T &1 %% (Diffractive Waveguide) # A, /LI L F 7 &
FriB By ) 6 7, Bl 3 FE 5 R AT 45 06 & 5 I B 1R B9l A
HIRENT A, RERAXFQEZUETE Llumus, BRITF L
ARHAANAENEFRE” . THAXKTEERNA XA
A 1 B % E T BE LA % T (Surface Relief Grating) 1 T 4 &
T HEAF EW 2 B AR LM BT VHG(Volumetric Holographic
Grating) & HOE (Holographic optical element) . HoloLens 2,
MagicLeap One 3 & TRl &, & 2@ OUH 6 H T N & & 84K
ST R BEOE M, F R A B EY Akonia 2 E] K R B R
ZeREHIEM, AT XA EHLAE Diglens(HOE),
El K[ 5% 17 Digilens % 7 2500 77 %71, H A4 %A 3K
T4 18%, FRHEEF2F(L. Digilens ey H fh— LK 5 &
% f F& Universal Display Corporation . Samsung Venture
Investment . Niantic . Sony Innovation Fund . Diamond Edge

Ventures #2 Mitsubishi Chemical Holdings Corporation % .
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2.9.4 DLP AR-HUD 7E # Ity - #y 5245

FRHT S BT RANGR, EHMAKAT DLP #L AR HUD,
4 DLP B AMB HUD, FRIFERE —K, ME AEMFA R
W, #{% 5 T DLP & HUD, {EAR9A=21% % HUD, #fm1EEAEA
R, ME AN FAAEHNEEMNNEFLH DMD &
DLP3030, R H 40 7% . M AR HUD {# A /& )N DL& & HT 8
DMD & & DLP5531 (2018 4 T F4 &/, AUMEERA L ,
# 130 14 %, FOV 4 10X5° , VID #E & % 33 £ REF 10 %,
FMA ALY T 77 ETEoRE. AN HUD LA T DLP #%
¥, EEAN L, FRABRRELFERNT DLP ¥, L
DLP5531,

% 100 #I4t S % AR-HUD %3

Augmented Reality Navigation

Intersection

FREE: Fh
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=N L% 8 DLP PGU Hu%t & DMD, H ¥J = #£ #7 £ DLP3030-
Ql, 4#%£F0 TFT & PGU —#¥, L2 864*480, M aH T H R
B, AWy —EXR, &/~ &NA DLP5531-Ql, #4-# X
1280*720, 7H —#K 2020 4F 9 A & H #y DLP5530-Q1, 4% GPU
Fogkm AL TR 4 3R FTIA 2304%1152, ML EEOH T, R
K] |l DLP5530-Q1 T3 IPHOE A H 2 Bk, T2 RER

D&
E% 101 EXHE HUD RRHE
HUD —
Windshield
I] S
( / : W
- Brightness I” / l
- Resolution(ppd) |
- FOV

- Distance to image

Projection
Optics

Scanning
Optics

FRFKIR: EX
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2.9.5 ¥ % AR HUD

Bt HUD ZMEeE R BN, TR B2 3 e R eAcE,
FEEARXENBOLTEELE, MEARGE T, HEHMUA,
XRGE—A MEMS #HFik, RGB =— & ¥ K W& %hiEFEE R
Bk, Fl—AZHiiEHH MEMS S8 8 R 5

K& 102 ¥t4 K HUD

Holographic Engine — Optical Schematic

1

Envisics Compute ASIC

[

«ami- ENVISICS

ZRH B ENVISICS

%4 HUD AR ¥ ERA BRFEEKEER, RERFE
BReVERFEHL, IMEALRERST, ELAEHFLET
#H WK 0% LR, TRy REENAARELS A&,
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WOt HUD 2 B R B = N3 £, 1 & PGU B,
F %ot HUD B & L 50 th vtk ge s 48 %, tham FOv, T
% AR-HUD Hy FOV {X 10X5° , if %ot HUD # LA3AE| 180 & . *f
WEMRETE, BALERAEZERAMNGKS, oHETH,
A LLEE] 4K BBy R, DLP 3K TFT EMEIME, RASEH
BT

AHEIEFE, KA MEMS HH#H LT EEMEZ D,
KT DLP X TFT-LCD. # %1% & (=2 Envisics R #Y) o H
RIEHAE 2014 F Y L4 B 1L BOL HUD, IR T SR B RA S,
AR & BB A Y BT ARIXERHF, 155 HUD T AT ERXFERN
HUD Mift %, 214 AR 2 R EE R#. Bk HUD 21 % &/ 3A
MIARE T Mo HARMS W AEARE, KB, ALPS FI/RIK. AT,
BapE. BEob. k%, BERHAH L DEOL HUD A FuAE X 7~ &
HEFARERZRARS, YAT, RAETURMKNY, LTFH—
MERZHEZREZREKR, THFEKL,

WOCAR-HUD P LR R R E FENAE, aHER%E, W
WHREET, BANEFHARALEES, B IANEEES
WE SRR G,
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Bk 103 M T4 2021 4 CES X B b5 Envisics & 1E ¥t 4 & HUD

(> 1.2 mi - Kensington St

we id (35

FRRIRE: BT

R4 —T, K&tE A TFT-LCD & AR-HUD &g 452 £ iit, &
RGP PGU 45—, KARE(R, %% E®. DLP i
mAE, ARalfxtex LER, REFR E BZHATaE
Fo BOEHUD BR KK EFE, ERERAAEBEULEHE
BEHE,
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2.9.6 AR-HUD #91% it

AF—NMERARHUD W EFE R, Fr—RFEFWSHHFF
WaEAFKEFLW, FAFR LT RS Q4 E-tron W4 # 8 AR-
HUD, 7 2022 4 £ 7 i iNext 445 % 2 ARHUD, [ B PSA
A0 R AL B4 MR E | AR HUD.

AR HUD £ E Z#/n 7 Fftfs &4 ADAS 2 . 514 HUD
Mkt Z AR A, 4% HUD R R 4 PR E R 25 # K
Wi 2., ARHUD N E ATBEHInE

K% 104 AR-HUD # £ 44E

Lane departure warning Adaptive cruise control Intuitive navigation

/ ANALYZE INFORM
Data acquisition Data fusion HMI generation

Cameras /- AR HUD
External and internal 4 Data fusion (IRRg Heraralion

+ Data processing

-
G5 salioain ( + Data fusion

- ———————— ————
p F e —

Sp:?:l:zge:;t;on. + AR decision making » . Real-time drawing
« Dynamic coordinates s Dynamlc object
T . positioning creation
ADA.S Nan?,t'o,n / « Prediction function + Warping pre-correction H UD_
X domain CRS/positioning ; domain
L, ..o oo oo i® ’

TR FiE

AR HUD =M, —RRHEHEWRE, —Z2HERES
A, =& 3DHMIfE B A& &,
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K% 105 AR-HUD B R E4AH

Signal Processing

Visible

AR-Object calculation ARRects

10 + 80ms | TD =time at
calculation

Time & posilion correclion Kalman fiiter prediclion

AR HUD T X E f &k B F/14" ADAS RGN E R, LEFH
REEHE ., BfEE. 3D EF . UIJUX, B4 8% 81
TRE. E A ARHUD By B R EH RIBE =ML, £F LRI+,
% 82| ADAS R Gt &4, SLURIE ADAS R 4t i A WYk L,
FlEF 4 7 #2% AR HUD R G ey 7] S EAn s 4, [ AR HUD T
it E&BAWEAARMNERANGEN, FT-ERFIATRSE
M1 ADAS. %A X B R AR S .
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K% 106 £Z ¥ AR HUD EEZ E

Target HW platform (MGU)
System Apostera AR Core
Vehicle sensors Positionin
[ g/; l
—— 5
MU o Virtual scene Virtual camera T
a L 4 g
® 3
Front facing camera = =
object detection 5 Environmental model | ‘, l E
and/or Video Stream (% & -
S A - Controller g
Radar data (optional) ¢ > (Logic/Styles) g
[
v i a
AR Video b unced wih Vid > 9
ynced with Video : =]
| Shake Compensation K Rendering @
PSD (eHorizon) < d E
A T 3
Style DB £
Navigation data r — | Configuration o
ersonalizatio
-
Proxy
4
Online services _JT“ r A A . A
(dynamic PO, Linux/QNX partition
traffic lights)
Y
Diagnostic Persi Configuration Power Lifecycle Display Layer [ -
ersistency >
Core management management management Manager management |

FHKR: £5

W= L8y ARHUD FE 2 K], H Apostera a8 £ £, MGU
BV £ & %71 — X Infotainment B9 X 5, % /5 #Y LCD fL % X A PGU,
FGEEKET. TUEHRAGREF S, OHEETHERERE
B (NEEHEWXKE, CAN BR%&, AFHE., B8, &MEN
KHEERTH—TER) . IMU (SR ET, 5HEGk
RHAELR RN ERNZEACLE, 2HEFLE) | W&
&k AR RS R (X ES A B AR RN L 5 A H A
RERGAFTER) . ZERHELELE, XLEHEEKTZ
WA .
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PSD 2 B E AfERE Ry FH P&, * LI UE# V2l 24,
THFMHBE. HEKE. EEARFBUECEIS AR AL
BEST. Rt Fvl, RE. RREE. DTEE. BE
#,

W E R R G FERANEMIE, 30 ZHITERE
*k & KT 150GFLOPS H97F HiZ M /1. m sLEtiE, BAMEK
E G A 44T /1 Bk & £ /> 20000DMIPS DA _EHy CPU IZ H & 77,
NEHEEHED ., FHFH R-CAR H3, % HY 820a High.
RE /R B9 A3950/A3960. = (FIAHY Parker AE4% FEE .

FREREH —NR S FZEMIIE R MBUX RGHF R
H R 77 & 691GFLOPS, t % — fX Ay 500GFLOPS #% & 191GFLOPS.
T RE + B R 4T AR HUD BT 92 7t
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Bz 107 &®&F % AR HUD MR &
r ] N

Raw / AR Video IMU Synced with Video

Shake Compensation
l Smart camera 'L

Vehicle shake

imation at smart
camera time frame
Computer vision
aigorithms o5 Virtual camera
£% (HUD/LCD) v
22 e — /
i POI, Street , Rout
2 o yoo omes, o Virtual scene '—7/ Rendering
o
Per frame offset 3 Camera orien tation A
+ Road model
J' Paositioning Navigation
2
2
Detected/Tracked » 2D detections to E 2 s
objects 3D camera space g £ 5
£ 5| §
z= ZE| ®
- a | £
2 2 al &
2 S
38 ER !
L] E ]
v < E
Static objects position [
Static pbject: Q
3D World space B and shape &
position " estimation (with posible E
restrictions) —E
e EE—— E
' Nonlinear motion model ]
Dynamic objects estimated by
Augmented Unscented
Kalman Filter

F WA F R H) ARHUD WAE 2 ], %% /5 B LCD RLIZ R A
PGU, BIEIG A& K 2T, KEZG LK 3D 2 m =AML EHFE
THEEAREEA, FRRAFARUGSEFHESET. X8
ARTERBG AR ZINN, SARBALEFL, TEED 64 &
UL EmEARMBLEL, IS RRERREESEMRER L,
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H 108 A A E 4 AH HUD

NN i

)

ATIONAL B:

FHRIE: TR

RZAFEFHATE AR FEE LW HUD FEAG#0Y = 8] B AL,
XFE oA E R B S A ORI R T A A R
2,

AR HUD X% %it 7, TFT-LCD 2 & & o ik i B 5 K,
A ARHUD Z K £/ 10° #y/AK-F FOV, 5 KDL EHy VID & & 3
B. HOHRARBWHEARAH DLP, FH —K S & (W223) |
ME KR4 R AR A T DLP R HUD. #k & A fE A &4t
A AL #EF T DLP 8 HUD, B2 % HUD, # mEEKE
Az ft. ME AR AT 76 B2 N U F 821 DMD & 7
DLP3030, R H 40 1 & %
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Z= 0t AR HUD 1 ] 12 M| {25 % #T #9 DMD =& Jr DLP5531 (2018
FT¥E4E", IUMKEERAL) , H 130 B %, FOV X
10X5° , VID JE & 4 33 EREBF 10 %, HFHA XM Y T 77 E~
e

K% 109 EMXEEH DMD ¥ F % &K

> 125°C DMD Capability
> Wider/Full FOV

DLP5530-Q1 - » Optimized Brightness
» Improved Contrast

DLP5531-Q1
& 0.55" DMD (1.3MP)
8 DLP3030-Q1 » Chipset Components:
g 0.3” DMD (0.4MP) - DLP553x (DMD)
- DLPC230 (Digital Companion)

"g DLP3000-Q1 Chipset Components: - TPS99000 (Analog Companion)
& 0.3" DMD (0.4MP) - DLP3030 (DMD) ' - Firmware .

2 2 - DLPC120 (Digital Companion) 1152 x 576 Resolution

- Firmware 2:1 Aspect Ratio

60% smaller DMD Package

» Chipset Components:

On-Chip LED Control & Video RAM

- DLP3000 (DMD e A
. DLPC120((Digil;)aI Companion) » Key Improvements: On-Chip DMD Power Management
» 854 x 480 WVGA Resolution - Increased Operating Range to 105C OpenLDI and 24-bit RGB I/F

-40 to 105°C DMD
Samples now, RTM 3Q18

VVVVVVYY

» 16:9 Aspect Ratio - Instant Turn-on at -40C
» WFOV HUD up to 12° » Released

» AR capable, VID up to 20M

» -40C to 90 °C DMD

7 In Production

KRR BN

D€

% 110 M % DLP5531 2L EE K

l—oelE__) TPS99000-Q1
—vBATT—» Power | Y°"YT" | R
. L 11v ! "7 |—PROL_ON—
Regulation —» 13v Power sequencing |
33V | and monitoring |
—» 6.5V [ !
Reset & External
Power Good [—Monitor——y
SPI
DLPC230-Q1 Tt !
- —| | System Diagnostics: |
| external watchdogs :
-—r 1 and other monitors |
SPI h 1 s | e 1
HOST i " Control
< IRQL | MPU H Illumination
! | |« Control —]
| H & feedback
! H Eu[u‘ Tt Photodiode
ontrol awer
pentDI—S A s L__Ee_gu_lalia_n___: S
: o
24-bit RGB : Image Scaling GPIO
& Syncs | : (configurable) DMD Power
a Il LED
CTTTTTTTTTT T ' * drive
=] faen : eSRAM Sub-LVDS—=}
s ™ | frame buffer;
= \ H
Fommmm e ' TMPa11
Fc - DLP5531-Q1

FR R BN
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FHEHEMZE DLPS531 ZAAERE . A LI IEESR
FBOE = W8 IR

H&xitrEa L ERGRYZEEG, Fit w223 Fi
272 EERK.

Ex 111 22E% AR HUD 5% Z&#% AR HUD

Single image AR HUD - fixed virtual image distance
* Vertical virtual image (10°x4.5° at 15m)
* Not parallax-free, eye tracking system required
» Lower optical design complexity

Dual image AR HUD - variable virtual image distance
 Parallax-free, no eye-tracking system required

 Dual optical system to add conventional HUD information
(10°x5° lying on the road at 10 to 20m / 5°x1° classic HUD @ 2m)

* More complex optical design and increased packaging challenge

........

GRS

< c-asez
e — _—— &
—— .

AR iR

FEEGW VID BB EE W, FHiFERKEEZERA,
I W223 K J e 9 5 B AL IR ER B R
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Bk 112 EE AKX EE#% AR HUD

AR-HUD Concept o 2400m,
— s Eyebox

Size
(140mm x
60mm
(£20mm)

Virtual Image Size Virtual Image Size

X
(1320mm x 538mm) (202mm x 40mm)
Description / Actual Technical Details: Optical Data
1st Layer: optimized DMD PGU Projection distance: 7,6 m and 2,4 m
2nd Layer: optimized TFT PGU Using DMD Chip: 0,3" with 854 x 480 pixel
Image size: Using TFT: 1,8" with 480 x 240 pixel
1st Layer: 10°x 4° (+ 0,8° Tolerance) / Look Down: 2,35°,
Look-O.: 0 Eyebox dimension: X =140 mm & Y = 60 mm
2nd Layer: 5° x 1° / Look Down: 5,95°, Look-Over: 0° Brightness: > 10.000 cd/m?

FRRIR: EE A

BEEARAZE. FHEEHAFAAB T XANEE&
wit, w LEEEEAGHWNEEEG, F—E0E®& viD RF
2.4 ¥, J TFT-LCD # PGU, % — E &4 VID is 7.5 >k, /& DLP

Ex 113 BEAMKKXEE®KR AR HUD #4 2%

FARRIR: EE A
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g & UIJUX 3, BT ARk 8y UI/UX 183t A 8 8, ¥
DL ER R, SNEREY UIJUX EIT /A 3@ % TEAL, &ite

—_
=

UI/UX &R Z K5,

B % 114 ARHUD UI/UX &+ E 4

TRIRL
i I
TELEL f

FRRIR: LEN

wrlE, #FHEW, EXTZEARCERRE, FEH
HWE|FHERH AL
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K% 115 ARHUD UI/UX i&ﬁ@@]

o |

i ‘[;;[
il

KRR HERW
FERGMBR T ,HE., WIE TR NE S E R
B, @A, ~HBIEH,

B 116 Wi ¥ L. AR HUD A UI

Lane Line

Barrier

Street Name

{ Bakefstreet

FRRIR: iR
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2.10 FEHEEPRET

FHEADTARBUAANE, E—RKELAF, TAF
ETASEMERANAR, FEFEHD ERTEHN A
AR AT LB RN AN B, RETAREMFR, X
MERLTABERN. F_REABRAATE LD R FEEH,
XAFRRIZETI, HHIAR, EMaE xs A HLH W
MEHELR. &, FARSK. iamx— R E R EN
MR, XFEFHBEFAN, FAELTUZHAZ 68, Ex
WREEHMEAH, WEzrEbAhABERE. HFELZHA
AXBREFINERERZRFEZ A,

Bk 117 £HEZHETEH

Ride Hailing Advertisement Autonomous Vehicles

-
—

Driver Greeting & Diagnostics Touch Screen Entry In-car entertainment
h.-- i.--

FARRIE: LBRHA

y |\
‘=v n

AEE AN A, e T B RO A
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R 118 FHEEHETHERE

EV charging status showing on the car window

AR UREZHETAEILFILERATEF W,

Bk 119 FHEHETRELERSEN

Back seat left-over warning on side windows

FRFKR: LB
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THAXFAFHNNRE.

Fk 120 £FREEFWANKG

And then you can actuall

_@ touch into the car.

FR R LERH

EXRFHELTAXZTAF, XEEH, BEEEFE LA
N o

Bk 121 RFAREFFRNELRE

FRKIR: LB
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WA
RS R B A

Bk 122 AFREEFETRERSF KBt

FARIE: EEH

R HEEL T URERE THFEAERSIDTHE AT &,

EHHFD TR HUD B AB AR R4 —HH, BWAR
MR, —EEZHNRT AN, ZEMT R HE/EEEE
REAKREEFETHAEN,

LG T RAE 2016 F3tiE 4 T M OLED BoR, {77 H 4
REKHE, ERARRE LT, RALZHFT, LG EXAFIF
T HEKXEA,
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E%& 123 LGD KB TRHF E#E
@ LGDisplay  TRANSPARENT FLEXIBLE DISPLAY LETSGO[!

HRF I LGD

s EENNEN DLP B, RARRERE, T4
LB, ElAgEs, FENEwALAEEEZFHEF
*x—ZPVB E.,
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%k 124 EMBBFRNERTEFEHABTWEE DLP HFAL
DLP technology in transparent displays

Optical engine
Roof
/ T-
DLP projector: < 1 liter in size e S
™ A. 3 \ /
e L. - . Side window
K Window Film

and projects an image )
| onto the transparent film. I —

TR A BB

BN BENEEEZHL AL THANTHEE DIP %
ML, EAR/NT1H,
PVB ZIM A F LA EHIH KR E,
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2.11 BRWRIRSHEIE

#EFHER MR GRS DMS F UL —EF 47
ExI, ZHREREMEN. RRAEE A —RAHFH. I
SRE LT LU AT RE, — A& FacelD, LH —TEFAA

51 7 72 W5 W Occupant Detection .

Bk 125 T ERWR FEX W

ToF A8 #l 2D F#L TENE Eg b
FRR B R R o .

X (i3 & = #
FEARE 1 & & P
B A 1 = = o

R /N /N A A
v B 3 S 4 s &

FER SRR

" x & P& "E
1R R E B b ' & *
HREH iz 7 A IR A %
BREKERE F x = 1

# 1 1 o =
AR ¥ TR TR #

B ZAE A EEZ DMS DMS 5 F % DMS 5 F %

R 7 o 1R AR R AR

FR IR 2 BAF
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K% 126: Plasrx CT6 2D T4 4l

FRRE: LB

20 FEAEN EEHE AH DMS, HA R K Z F47 % CTe,
2017 47 #t %, i LI Super Cruise #0228 %11, B0 B
AFETHRHABEETHAEL 2R %, HEHEAFT EFA
5 See Machine &, ZEfH Xilinx #7 Zyng-7000 FPGA. 7184 i
Blue Cruise & K LEy %11, &4 T F-150, Mustang Mach-E ##
Evos &, H & See Machine # 4, A Xilinx B Zyng-
7000 FPGA, = I FH#i#y DMS m LK B, H k& Smart Eye,
BROERMNZREFEL, AFLANABEATETL. £ ix, i4
Jr2g, F % F ToF.
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2D “F & A AL B 4% 7 BE L FacelD fn F# 45 4], M F AL
REE W, A ARXHM, RAERELHE, 2D FEENRE S
W . THERMEANLS T, £ DMS 4k, 2D - FEAE A
Wl £ bk, —R@RCHEER L ZA, wiHtRAEEL.
WA AEEGE, 20 FEMNARERER AT R, —&H
H, WEFIBAHRBA, HENEEHFELRL S, B%
ERUENBEBNRABERE., B EHE, RAEREHE,
SERAREFIRMNAREBEIRERREAFAEELH
FIR

2D FEAANEE LT EERKE, BFAFABERMT
mfER, MREAM, KRLEESE, TIMARAD, BRK—
BREN, ERELFEFR, TRMAEEHR, Z¥R—LtFRe
K ¥ DMS, HRIKEER, LIMLELSH 2 ARKDMSH £, 2D
FEAANKS, EHERELHETHERRS, RAF.

AT RERFEGE R, T ZATHEH T NIR Z24h, 940nm AL HY
AP REE b 850nm AW EDF L, FHAHK v E e TIER KK
7 940nm EAR KR T R F F A
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% 127 HIRA B
Spectrum of Solar Radiation (Earth)

2.5 . .
UV ! Visible:! Infrared >
g 2
E i Sunlight without atmospheric absorption
e :
§ 15
‘q'; 5778K blackbody
g 1
© H.O Sunlight at sea level
- 2
g 0.5 HO Atmospheric
— " absorption bands
(@)
KO cq HO

0
250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)

FARIE: LBRM

AT E R R T, CMOS B Z KB E TREAE 940nm T
KT 850nm, X ERE LA ERAMN LED kBT B4 7Y
fo. B THERLA, BE—HEFRE, XITGBELTFL, Ra@
KRR, TRESZ P, XE-LEERIT BN, REHIA
Ree, BRAFRANRNL. TURGEREKIE, 2XH1E
BARRZ, HHERMK, LEZHEE, &ZFE DMS W&,
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A —MRAEA, 4 A7 H, TEHLAHT (FNIA
FEFAVRFREANEEEE (AT ) (ERELRE ,
MEREMBRAFNEZAERT 2T EKR. (ERERLRE) T
RAN AR ERBERAPIAL, 2T HOAAER, “HFit
MERARF £l mRElE. EAMERF MAEE, EHEHK
BaRkaREE, fIAERZHEERX, THEBESRERZ L
BV R B 7 2D T T AR AL TG ik AR AR L R B A 7R

B =AM, 20 FEHBRELAHEEER WE L, X5
RARENERME XE5RRe, RABRERNWT, N X
TR R # AR A RAT 2k R

EMAETELRZREFNL, HACERFAIR, REHLTL
K, FRMALFELE . EHEERBOCFEEF N pattern,
M ARAWGR Z AT EMNAIRE, W EZNIHE, L
SRR R UL EMAREZ LB TH EREMH KA
g, BRAEHMNRER, FEHARRSHWZERE. BRE
RT K, TEMEIARERE, SHaAMg. Bt EE#H T L
ZNRT, BEAMEBLSRNEESE /N, SHEMFE, T
W2 T LR
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SAERNEEEANARARFWER S K, FHAELEN
B aigtr At 25 4, BMEZAZE T ENANE T, FRHA
RIERNEEAN TR AF ., TERNEFAANZBREREE
FR, MALTEHRERRK, EMATSER, HEEHE
BZ, RAGHHRA, A FRZIHE AR EERT O
R IR .

ToF M E&— It %, GFFELETH. LT TH. B
fh, ARIER. REFE. A7 E. dToF AL & Flash Bt
Fik, iToF BLAEFMCW BobEiL. HMEEZID A RECHE AR
BEEANMAZLE, REREEREEZLT RS, Rk
B &% % WEV & ICP & 7% (ICP Z ¥ B Besland McKay 1992, Method
for registration of 3-D shapes X E R i, ZH ik L4 & PCL E
LI o ICP HEAR LEET RN -FRENREEET &, &
HEEHFNANMNCZWARR, AREZ AR L, HE
R IEHIES . 3D ARIRANENZIDWRE, WA=,
hERE, SURELTEN, LR, EHES, ELFRE
FAWNERMAN, HxrEElE, EEEm L2 HEKE, H
HEERFEMRD. FCPU (' LBy & # 665) Y15 & IR A
RULEZ, LF LM IIEE SoC, X AZ ToF MR AMH 7.
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A, B AMBEAEEE, FOV 5, &84 Y oA SE B 8y Sk
Za, AW EEZZERIENEANE, T 2% KE 4 EE
t.

ARAAT 2R AT ToF MENEZE ERyR AR ? JREA R &
— 2 B LW AR IRA| FacelD RN B H., XA A4, 3F ToF
MNERB. "EZHMAXEFREAF T LI M, AREH
R, — R B ToF Wi tR b2 darsh, I8 A4 % H VCSEL, R
H VCSEL 7 #E & 1% ToF #V# 7]

Kk 128 LED VS VCSEL

LED Edge VCSEL
Emitter

Output Power Up to 1W CW

typical
Wall-Plug >35%
Efficiency

Beam 11x40
Divergence & degrees
Quality Elliptical

Speckle

Wavelength 0.3nm/C
Stability
Pulse Speed 10s or 100s
Nanoseconds
Packaging Lower cost,
Surface

height

FR R ELEM
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LED Mzh £ X EK, v EMR, ZER, HEKEEER,
FATFHEELEEFHT, RARAERE FOV £, ATFHFERELEY T,
AT ERNTAT

K% 129 VCSEL ¥ FOV

H-FOV
Far-field Image v-Fov Larger, Wider, Larger, Wider,
More Uniform Image More Uniform Image
e U - UG
Field of View
(Fov)
Diffractive Optical Wider FOV
Element (DOE) Higher Efficiency Wider FOV
Higher Efficiency
sore |
INTEGRATED = DOE Gen3 IFM§2

COLLIMATING LENS

)

Top-side Emitting VCSEL

Back-side Emitting VCSEL Back-side Emitting VCSEL

T FLIP-CHIP T FLIP-CHIP

* Wafer-scale packaging
* Lower cost
* Smaller package size

FREIE: DERW

A~it VCSEL # F R, ToF &K IER,
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ToF X 7] LA A iToF ([ £ KATEE[E]) A1 dToF (E £ ¥AT
i e ) #2k. dToF A iToF 9 JR X 7| £ B A& T & 4t A K 4 6 1y
X Al

dToF WYREIR B, EER S, ZElE
SO i o A & 5t Rl 2 8] oy B D8] R B, kT DAAS BB T
ATEE 1A, T iToF WYJREN B E 44— 2, & iToF 1, KAt
—AB Rk, TRE S . BEUR B R R SR & R A Y
WHDOEZ B F A —MEALZE, BN ZAE L Z 58I &
ATRFIA], MWt S,

iToF B9 5 A [2] #R 8t 72 T S A 2R BE o An il BEAS B 22 T8 9 F
o FFIkE, LEFHEAN 100MHz B, T4 ik KAT B E
& Ins X% 11ns RN AR E AL = E# 2 36 B, HHEZ AN
PR R B R A BB ATIR %] T iToF B AR IR B R A 2 K,
EEZNNHAR®T . A—A/NE, iToF & T ERNMELE
MERERER T My, FIURE LS ER LR PN T iToF &
Bie T, B iToF EARIAE TR X AP H, B
2D A EHFF L
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iTOF Byl B2 A% & A bt dToF &, & % & 4t dToF K. dToF
REFEHENEE, BEEAAERNCKEEST (AVEE R
PR, MAWEREERRS, BHbaog® % L& SPAD
BU# 6T 5], FH SPAD A", BRI, HRM, Hulks
MT. Ee. RRMZEWANF R, XRLGHAHMETHFE.
YRE AT, iToF i HE LT — . dToF %21 %3
52 HI R0 o

AIREE A LR 3D ToF AR ERENHENE, BF0
T. FEfE. BR. F K&, Melexis. ADI. EPC Photonics. = &
DLEC Artilux %2 K08, HERETTFEAN T EZ Melexis FAk
T. BRI ZRHEAGE AR, £F CCD R, HA ZREZWW,
CCD R4 T 2L B A KL dToF A7 |, BKE] ML
KB iToF 4 £,
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2.12 =l

B 130 T DR EMRE TN

€H-NH 40} weiBelp 300/g

EREE: EE

1 % Central Information Display, CID, 2 % HU-H3, 3 % A
FRE, 4 AMARE, 5 AERERAS. EHEFEREFLE A
B LA A2B RAFE — MR ETHAE, 25
ARGEZIANETMRAM, ZEEH T RILLEEFHEF .

147



2021 FREEREME H B

K% 131 £% RAM A% 3% E

soARs (2 RAM BOOSTER

o B oy

O K
TCB2

2 Ethemet @ — @

5) D HEADUNIT cio

System network for Receiver Audio Module

FREE: 25

10 % HU-H3, 6 % RAM, 8 % Booster BIK & & K A 2,
3EEFR AME N, 5 EREMET N 1 4 AM/FM K%, 2
% SDARS TEKE K%, 4 & T-box, 7 AFEEHFE, 94
WEHFEH, 11 A k. ELHFHAGAELEN, £ =4
FAA, FRVEMR (SA676) HYIhE=Z 205 K, ®#E 3 I &F, 51
FE, 2 MEEFET. FPHAMR (SA688) =% 8 FHIINLEE, I
# 464 B, BF S AEF, 5 MNFF, 2 MEFET. BEAR
(SA6F1) & Bowers&Wilkins 5 A ¥ 48 &, h% 1200 R, &%

7 0MNEE, 7T E, 2 MEFE.
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Bl AE G HMERBIEN, MK RERE L
M, WmARLZE, SERBKNRE L, AFEEREZ R
RN LRTESR, BF8BEASAREERET, T4
R, EAFHEN, HWEWF @ AN, ELUITHHEEE,
S B v S IR LU G — B9 AR, M LAIE A S R S A

Bl Shd bR T 24T T 7 09 & B, B AR 4F Al A T
TR G, BAM BRI FT R RET XA HI-Fl &5~

Hal & 2R K OB A—ARAVNE T, X 8RRk
NEREHERAE R0, HAHWTHARKEARER
Fr RSB R, CD AR DT, 48 F DAT HWoTey, HEXHE
FTHARKANAFEEH. BAREFE RN EFHARK
ZRANT. BRHENAELNT, XERZHRANEZTIR, E

ERVAT REBEMBE T F G HEHRER R, B

HHEFHERETUSATAL, —MHEF T, WHE L
#J Bose. Harman/Kardon, # L Z 4 ZEFTH. Bose. 77— 2 XK
H A, FE4E Y JBL. AKG. Revel. MarkLevinson. Lexicon.
R AR E = 2 &£ W, N4 Naim 1 Focal %

Infinity X %
B— xR,
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Bk 132 2#RFTERF G ERK TR

o5 B o HEEHEREA | EATEREE (K
ey HE
Bt FHEL & e =)
ZF| (Bentley) Naim = [E HHEEH AR A
%7 H7 3E Hr Bespoke 3 [5 OB AR
B, AM Fender % [ = Mt ERE
HE Revel *H T4 B, BL. WA
B&W 3 [5] L
Maserati
B, BL. R
CEA MarkLevinson *E K E )
1T, #EFR
ER Mcintosh *H B FE A #E AT
FEh . fRETHE Burmster & HMA#BEFH FAT R HEZ & A
B 254 ) s
B&0 = FREHHE bk
Lucid, Z# &R
Fudrw L E B AKG E3E| ZRNM. FAL FAT
EHF| 488, =M JBL *H TH AT
Genesis Lexicon * [ 4
Meridian * [5 EHEEES R
K8. Rivian
DS Focal *® 4 AT
ACURA ELS (ZEFRAZMT) H A& AT

FHRRIE: & BARH
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B=E FEEEREAER

3.1 REIN

JE AAL Hypervisor, 7 .38 E A VMM (virtual machine
monitor) , XAHEAE B PCHR, A& AL AL 25 09 1 g Ak Ak
7, EMEEMERL, EMRETRENIEERRRS, &
WL B Ry A BT 1P SR M R S8, ARM VB-A A
MAEHAOESENMREZ ZN, ZEEEEAESTH
BEWA AL E 2R, EMICER ek s ZAERW
. BAEBZFTUTHRERAK, THFMNxR MCU, LTFMNE
# 10 & PCB, THEMNKECURT, LHFFMHE, TFCAN KX
RfIAELR. B EERAEERASR, TELEFETY,
# AR R K K BR N Bl TR R = i SA8155P XL i R %
QNX EAUNL A 2022 a3 He EEF A ITH M EM R %, BF 4
Beam X &, HUD. 360 4, ZH fURAkE. H&HIRAL H5E
P EFA. OMS ST he. Fnhn /8 8 A0 3 ik o 15 28 T 37 16 Y
FE AR A2 B A QNX E AL

EEWUNITET, WERSZHW CPU, WHEMI/O FEMHHK
TR E I % Hypervisor B E, % A R G Hypervisor

151



2021 FREEREME H B

MO TR DL F X W E R, B R EAEE R
G0 SV DUR A AR M B Je o o

X AR ORI E 2 =4 0S: — RIS A EE Pk
0S, —MZASILB; — & F 8RR OS, — & ASILA;
T —/N5 ADAS TéE, # 360 I AL, DMS %34T 4 li iz,
WHIRAN%E, — R ASILC, BHEAHZ K Guest OS.

1R #E Hypervisor ATAL E IR B9 A~ B A2 Guest OS XA £ ¥F VR B4
A~ F 77 3, Hypervisor JE W4 4 4 W Ar KA : Bare-metal
EMA TR CBRAL” B o Host OS Ak 77 A (& T #
AR RN, FZREUMN). FRAZELR EHZRAN
WA, —RAZ A Type-1 B T ETH 89 E WA Z 4T,
AH —RETHEAREMUN, ENEF NXP EFH T A E
W, AA]E TR R A

Hypervisor B 4B /MZITRE, U U AT ELATHESR
A privilege X, T, f£3L £ & F virtualization extesion B I T,
guest os #1 guest application X ¢ #1517 & de-privileged # ., 4o
TEAR.
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B 133 Hypervisor #XER,

Deprivileged Guest 1 Guest 2
Privileged Hypervisor
Hardware

FRRIR: LEN

R AL A T ATV 38 A2 & 7 # 2k« sensitive instructions
(RIEL) « TLERLABAELERRAAFENRERFL,
FEVHPATE R KRBT ZFHHR A . privileged instructions (4F
MIEL) « RERAEFRMNEXNT 2 trap (FERE, FBA
TR ER) , ERAER T LU HAT,

BHRIBAERN AN TR, XM EILEREKAN
classically virtualized (2 #¥] FEHIMER D) |, A L XA EKW
T T ] DLRE Lt (Z# R EE R A

ARMV7 A @8 8 FFALESEEN, EFEa 1 MR
A A 7 MEAER: V8 Bl R Z A& 4 & E W Exception
level, 4Bl % ELO 2| EL3, H o4 F 8 A K &5 (privilege) & K .

KL, FLLE ELO V3B T non-privilege level, EL1/2/3 BT

privilege level, w0 T E 7~
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K& 134 Exception Level

K Guest Operating System1j] Guest Operating Systemz Secure World OS % ;
s

............................................................. AArché4: § g

: soparate privilege levels @ g

EL2 Virtual Machine Monitor (VMM) or : AArch32: = v

Hypervisor : same privilege level B ;

e ———— e et L I |3 ey g

w

N

SN (TrustZone) Monitor l g

Z

’6’.

E

FRRIE: LBRM

ELO: o A AE 3 (unprivileged), EL1: #1E Z&EAZ O K (0OS

kernel mode), EL2: & WAL I #1251 5 (Hypervisor mode), EL3
TrustZone® monitor mode., 2 H # 7% (%: F W, page faults &)
ZER (REFEAHERER) , 48 17# Exception level (iX
.72 Exception level i & EH, HTAERE) . YRELRAE
Y, AL, FEEYWR EL, HAEKREEE SR EL, EL

TREME K. 2T ARMVS, Hypervisor 4T EL2 % A, AH
IEATAE EL2 SE &% BRI B P A ] LU [F] 5 BT & & TR 9L
W e, & fig 43 ¥4k 2, A “Stage 2 #
#7 . Hypervisor ¥ 4 &N E W ALE 22 F0E 3 Stage 2 WY T & ;
{& 3 F  #0% % B9 X FF, Virtual SError, Virtual IRQ, 7 Virtual
FIQ.
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W R EWEE A Hypervisor {3k, EWFEE LB EN
| Guest 0S, 4% Guest OS # dma % %, Bt smmu B £ UL X
FF dma ZBLAT,

T x86 A, EATHE X86 FAM LI (E Z 4 (Operating
System, OS) 1% i+ & B & B 8 77 |7 Fn 15 & B 4 % IR U AX IR o
X86 EAGEF 0. 1. 2 1 3 IR Ring KI5 #l & A 417 |7
PR, & AP R4 74T/ Ringd WIRF. 0S AAFEEH
B 97 15 4 B RE A YCUR T AE Ring0 AT . X86 44 Ty iX # B
A A A B R B E WAL . B B, x86 A E M
ARM V8 #15 % ,

JE AL -4 JE W Ae - A7 A, e R R R R AR 1E
Aat, ¥FEUEAPINAEENRIERZ L.

E B0 E WL E DL 45 B B B QNX. 3E4F /R £ 7 H7 ACRN,
Mobica » X &k B9 XEN. # T4 #y Open Synergy #y COQOS. 1&
E AR ZE B LARE, 3£ [E VOSyS By VOSySmonitor, 4 AR
%, /%% GreenHills # Integrity, H A<#7 eSOL, SYSGO F# Pike,

Mentor 87 Nucleus, = E % 2 J Redbend, EPAM #J Xen %,
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Bl% 135 *E Hypervisor N

XEN VOSySmoni to
QNX ACRN €0Qo0s L4ARE
(Mobica) T
AN1% (F ‘
~ 21 % i 15 (i) R, %5
#70)
REITH 20K 25K 290K 30K 31K 100k (f£31)
. Linux # 4 EE A fHA
FEAP R EHRE \
BxE R PN EHET 3% [E VOSyS
bk Linux ¥4 4
Mobica. ARM Elektrobit
FHF/R A3900
% MT2712, %%
& i s8155.,
7|, NXP # R-CAR 3,
FAFR NXP
F % SoC F I.MX8 % Bk & A Xilinx Zyng
E3900. I.MX8. NXP | Z7E R-CAR 3
Fé = MT2712 UltraScale+
A3900 % 7| S32G,
820a % MPSoC, ExiE
7 R—Car 3
g, FEE R- RZ/N1D
CAR 3
RHEER ASIL D - - ASIL B - ASIL C
H B & A A i o
TFHRER, T—R*EH T—RKH” R
Faf R, B ‘ \ RN EEH A
B4 ‘ K FT, el ME & A \ i -
EEE. ) \ X X & (f5it)
fawy;-4 (FiD) (i)
V& AionLX
M. HE
iR, &
Tier One X ZE%RE, TrF (K BE KA
¥, = -
& . K. LG f5 %
I 35 7
Parrot)
FAHAEA . +tHEEE
FE X X # L KRR FE - - -
WA IS

FREIR: 5 BAF
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QNX NIA R RAL 2R E mE i EME DI BERSR,
AW FERE, BFENTE. Bk, REFRENE (HERE
EHEWEF) . QNX E ALK A E L CPU K,

Bk 136 QNX E#AHE #L CPU X

QNX é —bé

m m m QNX Hypervisor
Separate SoCs/Hardware (cpu1]cpu2|crus|crual

Hypervisor microkernel scheduler:
-vCPU has priority, processor affinity mask, and processor budget

FHRIR: QNX

QNX £ I & T e e E M CPU £ FE X, S EW CPU
A B AR FE S ZHF 5] (scheduling) , #HiR&
Za kR 0S % MIKH KK 0s AN Ede & F £ 4 #E CPU #
Ko W CPU FA MBIt HIRBIAE D, M EME CPU LI
B 3E B Ko BB s A AR B R R

% 0S Z [ A LEXF & 1/0 Fl, AERKAA, BT
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Bk 137 QNX EMHELEFER

Safety Guest: Serial Port PCle
Instrument Cluster IRQ, Timer IRQ, Timer

Non-Safety Guest:
Infotainment / Navigation

- @

Zero-copy +
Guest Driver:  Block triggerin
hardware  Storage E?n':ﬂ"gt saering
pass-through ~ Virtlo

Single-copy peer-to-peer TCP network

VM Monitor

- Ethernet Driver

VM
‘ Block Driver izt
e.g. eMMC, SATA

Hypervisor microkernel

R EIE: QNX
% GPU EWLHHE, QNX 5l A l&l, LaEvELeER
0S & ft GPU & B,

K% 138 GPU E#ltt

First Guest: Second Guest

Instrument

Infotainment /
Cluster

Navigation
QNX/ Linux

Hardware Mediation i
~ eu Control Hypervisor
microkernel

FR R QNX

158



2021 FREEREME H B

£ 2018 4FEY Linux #k A\ A K & £ X AEY ACRN, & — K R &
W, BRERWSE hypervisor, LS E P x g8 0y 220 4RI
R &, JFEBELITEF & AR EsE N AT R HAT R

ACRN By s K E % 2 — & R~T/h, ZAH A2 R A 25K TR
o FRF/RITIREA T ATE Tk T R R A, ACRN HYFHA 5T
R ELMEFLR R, ADLink KR Aptiv, LG BT MAH, /&
ZNAE=ZE% ZMN,

ACRN TR4%E, %% % “acorn” , (acorn ¥ X & B N
T) BEREATTHERAD, ERETUKHRA,

ACRN & P /x84 & : hypervisor #1 ACRN 1% & & 3k,
ACRN Hypervisor & — > Type 1 #] hypervior, ¥ ML EHE LT T#H
Lo ACRN X & Z 54 IR & BN S FEREIN, ©
REFEWI/OEUNF, HaitXIXFHEM. WM. B
USB. FEFH KX KR, itaRESREREMNMIAREIMA,
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K% 139 ACRN Bl 5EELE

Service OS Linux VM /' Android VM \
Android T
o == Wora | word
ACRNDevies || | Feeccmccmcmaee e | L oo
ey Kamal Kemel
= = )| S
[ kemel T FE Orivers Y S
Cepanion”
operation | [_Natwe Device Drver | — p—
oot | (o) Hyporcalts RIS
() (=) (Do) (owm])(vem]| [ mowee ]

| Firmware (UEFI, SlimBoot etc.) ‘

SOC Platform (Apollo Lake etc.) ‘

%R R IJE: ACRN

ACRN Hypervisor I TR L, 4 FEH ¥ DLassT—A
T Linux WRFBIERS (SOS) , AAEF LLEBIZ/TEZAN%E
FPRERS, UEES TR,

ACRN hypervisor # Service OS f]3& 7 # —/MNE W%, A E
JG 5 Guest OS. Service OS iEAT A& 1% & X o) 12 7 ok & L A+,
] Guest OS & £ 1/0 mediation. Service OS LA 2 4t 5 & 1t 5E 2K #Y
JEWMALIEAT, DLl R B FE KR GEMRFSRE (QoS)
HE K, Service OS H #I 7 LLIZAT Clear Linux, fE& ACRN .30
HHE Y Linux 89X 4T E# 44 RTOS 1E % Service OS =, Guest
0S.
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%1 7 & ¥ ACRN hypervisor X% E R gb/N B &k, A
W& B ry LI B £ Service OS, Fl AR &L F I vy
fb. BEHEMRIEERRZRWKE EZIPRT, KERWA
e A

Bk 140 ¥ E% VX ERKNIF

ACRN HyH AR F Bl 2 55 2 VX, XEFHA LLURRE
PN E, WEFmRITHANE, BET N 123 TR E T
TR, UREA Clear Linux, Uk # B RAIFMEIL 60Hz, F
EXARFNELI0ORG, REHKAERRGIT RN, A —
e R, ki Al EEHT, ZRILEEETER, FM
AR #5385,
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Fl A, AR VXBREZEHRARSE, RE@THHRF RS
AUAER R E N, BRSNS EIE AR FHt. A Slim
Boot Loader (SBL)# ALKk &L BT 2 .

ACRN 1 % ADAS B3 JiZ ,

B % 141 ACRN %t ADAS H 5L f

SAFETY-C RITIICAL DOMAIN NON-SAFETY-CRI'{ICAL DOMAIN

| Service 0S Warn/inform safety | I Infotainment Rear-seat entertainment |
(50S) (ADAS) (4] (RSE)

Linux* | (RTOS) i Linux | Android*

Kernel mediators Cam pipe

KAk IE: ACRN

LA A Z R G EEEREREBEAMAI JochenLiedtke 1%

it (JL A B 7E 2001 4R 3T 4) , 1995 FAFF. BT A&, ETH

B &% (Message Passing ) IPC HL#| 2 M N Z R G EREF B

Z— R—RUBLFHTREAZHREE, ERM, 4

M, UURF§ BMH. IPC BRI ZREHMAZ R G MW

*EHAR, BABKZHRGERS R FF RS F
ZWAIPC, —MRFEXR, —MEREHE
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HEFEIPCHFAECEREHN T ZMHITENR L, B
R % IPC ZIWEREH T A . RIE CPU MHEEFIHEKET
Fl, —/~IPC ABEH Z 50 £l 500Ks.

L4 NEX FF=frE A HILTE, %42, fIPc, A
RETARGEA, RA 12K FH R, £ 486-DX50 Hl.#4 L,
— A= B ik IPC, 8 FH S H B, RFEE 5 s,

1998 FEEEEHMAFIT LT ET 14 WITEEERS
Fiasco.0C, XA X T &M C++iE=. FENELF LT L4 E(TIR
%, Bl L4Re., fEE Ak B0y E MR ZENA T DHEET

L4Re o

7/

K% 142 L4Re N4

Isolated domains

AlO

MicroApp || MicroApp

Virtual Machine @ Virtual Machine | Virtual Machine QL4R9 Runtime Environment

C L4Re Microkernel & Hypervisor Privileged

Multi-Core CPU, Memory

KR HRIE: LdRe
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Fiasco.OC B H & ¥ EMHN T KW H 2, HZH NOVA, X
1, 2 18 B HT A F B 1R i

Bk 143 NOVA £

Guest Guest . )
Operating Operating Virtual Virtual
System System Appliance Appliance
guest
host
VMM VMM VMM VMM
Applications Root Partition Manager Drivers
s er
kernel

HHFRIE: Fiasco. 0C

FHE KA NOVA M, mEULE AN EE 2 =1
Microhypervisor , VMM ( Virtual Machine Monitor) 72 Root
Partition Manager. ¥ LL& H hypervisor & Xt % ) — F¥ b &,
T EL 4% 4 — AR B Pr ey F 2T Pl AR & LA (£ A guestros [F] Bt
EAT, HEEM, EEXEMAITR) , XL REEERR
BIThRE+ -5 BL, B A~ 84T hypervisor f7 os+kernel 4 &-#C % ?

B H AW, XEAM &K microhypervisor, # K45 hypervisor
FEEE, ERENNE TP E R,

i
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VMM £ X B 3h gE & f1 5 2 Virtual+Machine (VM) fu
host+os (microkernel) Z [/ EF RN X L, &F— VMM & [
TH VM SRE—H R T EBE D, LA guesttos

TNREECOHGETEREZWYENLSE £ — &, FH
microhypervisor & 1E 'E 112 [8] B F& & 14 .

FEBWMAAE, £ NOVA E @, hypervisor 7 VMM T [
XAF, —fEIHT, FATIAA hypervisor £1 VMM #5 ¥ LLE H &
WALEFEE, #EAT ZIE KR8 R A 2 LUE CF
% 4~ o0s, {E2Z7 NOVA F, hypervisor & X % # privileged+kernel
(  microhypervisor ) T VMM & ® % — 4
deprivileged+user+component ( /A NOVA By E# E F R & & &
H) .

W NAZZA A2 policy By, FrLlx T % IR 4 FC oy 5us b i
PR AE R P A B sr L, H 52X B Root+Partition+Manager
#1145 & Sigma0, Sigma0 & L4/fiasco W% # % — A Fl P
#HE, RTANRECEANAFTFZSI, IENAR. S ikomH
#M 3% 45 Sigma0 # A2 K EFE, Sigma0 715 | HhF -~ #HE 5N
FRAMEEE, XAEGAIT L4 HARKEEINFELT, WA
Fir 7 BN - TG SR B AR A A P B R R
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T guesttos K, TEFEIE virtual+cpu (JEXEE H
vcpu) , vepu fE guest+os B K & — MEF, R T E L cpu,
B & % T microhypervisor % 1% 5t & — /I thread. microhypervisor
KA EATRERN, T 589, B iR E R,
NI cpu FEF — A runqueue. E— KA E #EHE,
MG NI ELFEH SR AR REHNEEHLATHAT, €
Lgr BT X B E O E W & B H £ T 50 (context+switch)
T EESEKRY, CHAKSIREERNLELZ nativetthread &2
vcpu+thread,

ART—R (RFTHLBARCEEH FREXH R
#) R-CAR M3 (W Z N) F &, ©XA 6 Zixit, WA A57 I
A53, fE[E K LARE —f# & T M3 5 H3 F &8 %, — 0
& I A AS3 Lk, & —A AS7 AT — A E WAL VM.

L4Re .1 % F1 AGL (EHK Linux) EHE—REH., TEN
L4 B9 & 4 SOCKS 71 & ). CONSOLE.
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%k 144 L4 B EHL SOCKS

Renesas R-Car Gen 3

| App I App I

A

| App | App . | | agl-service-can-low-level |
} y

4.14.35 kernel + L4 patch vy + 4.14.35 kernel + L4 patch
c ol L4 VSOCKS L4 VSOCKS -- CAN

“

L4Re

FHREIRE: A

&% 145 L4 ¥ EH CONSOLE
Renesas R-Car Gen 3

I App | App | [ agl-service-canow-level |
| App | App ] - 4

4.14.35 kernel v 4.14.35 kernel v

(= virtio-console virtio-console -- CAN

L4Re

FHEIR: A
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2016 5 7 A, T Yy T Opensynergy, Z/AEHE— &4 N
COQOS W EMMN A FR . X AT EAM, WA UUATEzE R
A%, X EiEN Autosar #8 X R, FFH AL IE T T 2018 FR Y ASIL

B Xhik. T—REF. BEATRRALELRASL (XTI
R-CAR3)

% 146 COQOS EM A %

Classic AUTOSAR/

= Linux VM

@ Android VM
Adaptive AUTOSAR/ A kernel.o e AOSP)
RTOS VM t 8 ¢ )
ARM ARM ARM
VIRTIO standard VIRTIO standard VIRTIO standard
drivers interfaces drivers interfaces drivers interfaces
F— = = = e e e = — - -
€0Qos

VIRTIO Devices 1 System Management |
VIRTIO Devices 2 (power mgmt, VM state, Virtualization
I modular & managed boot, |

I Virtual Runtime

SMMU, watchdog)

dware
N Safety B OS
TrustZone firmware mediator
|

COQOS Hypervisor

+

Hypervisor Safety Kit Configuration Tooling
Development/Debugging

Engineering Services till
mass production

- 3rd party - Open Source - €OQOS Virtual Platform - Hardware

FRRE: BT
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2019 449 A ARM % IAA E 4« EEH T & Mobica 58k X #
MT2712 &1EN = REEM B T A %, BF FESM. NaMalZ
(360 EFA) , BT TomTom &M A 5%, ZME T EREFE
Jfl Google #y Android JT#JER#AIE (AOSP) F & H, ¥ it
OEM R E %K #E 1P, DUA T RKHIEKA FE . Mobica HYE WAL
£ E A T Xen Project.

E& 147 T Xen Project EM AL EMRE T RAEE

Integrated cockpit PoC:

*  Feature rich Digital Cockpit

*  Android Automotive

*  Opensource version of Android Automotive,
50 no sharing of data and OEM to retain data
oooooo hip

*  Single SoC consolidation

*  Android IVI

*  Cluster HMI

Top highlights:
*  Next gen HMI & attractive UX
*  Driver personalisation and customisation
*  SoC consolidation

*  Android Open Source Project (AOSP)

*  Android bring-up on MediaTek (MT2712)
*  VehicleHAL adaptation

L TomTom navigation integration

*  Two domains running on one SoC

TomTom

ZAREIE: ARM

7% [E Virtual Open System A& £ JL-FERMELE T ET
MT2712 89 5 A4 &, BN VOSYSmonitor, A7 i T ASILC %
WiEe EAZSEEX LW EMUN, EG2—ITENSTEK RS

T A ARM B TrustZone, X # % MHFATAERELFZ 4
ERHEERG,
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K% 148 VOSYSmonitor /&L

Non-critical domain

Safety Critical domain

Real Time Task 1

Android System
monitoring

Real Time Task 2

LED blinking Task | =

AS“_ C Secure OS Service Layer

/

RELLEST, EFEFEMR A,

#oA & JE: Virtual Open System

BT & RN R R G e R WAL,

B AR 0 R A

XMBEERRG
SR AR T

B& 149 £F MT2712 F& T VOSYSmonitor & HUHL M &6

Item

Safety critical OS boot
time

Safety critical OS FIQ
latency

Android AnTuTu
benchmark

Android Drhystone
benchmark

Non-critical domain
IRQ latency

Description

Full boot time needed to enter in
the Safety critical OS from a Power-
On operation.

Overhead induced by
VOSySmonitor context switch to
forward an FIQ to Safety critical OS

Benchmarks for Android devices
that test/stress several parts of a
device and assigns a score

Computing benchmark (integer)
that allows to measure the general
CPU performance

IRQ latency of non-critical domain
induced by prioritizing Safety
critical domain execution

Performance results

265ms (including 1ms of
VOSySmonitor setup time)

Average = 1,6us - 4,33us

Native Android: 91201
Android with VOSySmonitor: 86367

Native Android: Avg=188,9ms
Android with VOSySmonitor:
Avg=191,1ms

Native Normal world app: 4,33pus
Normal world app with
VOSySmeonitor: 4,33us

VOSySmonitor benchmarked performances on Mediatek MT2712 platform

Ak IJE: Virtual Open System
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SRRV s REERE, TURRRHSE
XEMEEE, W DB D BRI R A e — 28
WIRHEALANK, Btz amBEMmEF T LA, 6
R, WAL BT R A R, B =B R
~FFT, wREREMAE, TAwERTERINR S,

BRI T Rl 25 XA m o, RAEMN P
6 WHMMERTRENEFATUENN, FZFAXREA2RK
K, TAHRELENRAGE. RREREELL L. ETH EIKE,
BhRENCAERERERE, UTETE, E2RMAENNLL
ENEHARE, WELZEET/L.

E%& 150 NXP i.mx8qm & &AL &
Two Chips in One!
“Split” the SOC
in half w/ Dual
GPU/DC architecture

A53 A53 CPL CPU4
Each IP Block has | CPU1 | CPU2 A72 AT2
HW based resource CPUO CPU1
protection ‘stitched’

around it | HyperVisors on i.MX 8 = thin, light, lets the HW do the underlying work I

ransaction in HW! GPUO w m GPU 1
Display 0 liBiiH Display 1
Explicitly assign W W
peripherals to a Platform

KA HIE: NXP

Platform 2
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E% 151 &M% TDA4VM

C7x DSP 2x Navigator Subsystem
cortex®472 B Cortux®-RSF w/ MMA C66x DSP [ secproxy |
Cicrc || o |

1MB Shared L2 64K L2 RAM 3D GPU PowerVR m INTA TIMER_MGR
Cache with ECC per Core Rogue BXE GE8430 - - .
PAT SMMU Channelized FW

Memory Subsystem Ethernet Subsystem Display Subsystem System Services Capture Subsystem

MSMC 4K Blend m 2% CSI2 4L RX]

8MB SRAM with ECC Integrated Scale Convert : _
Ethernet Switch"' m CSI24L TX

DP/eDP DMPAC

MCU Island

512KB SRAM

Video Acceleration

{H.264 Encode and
H.264/H.265 Decodes)

Navigator Subsystem 2% Arm® DMsC 10% GP Timers

_ E=D =R

SP RAM 512B | | 1 MB SRAM Safety DTK
|_rnc | oes ] 3oes |

Media and Data Storage Control Interfaces General Connectivity High-Speed Serlal Interfaces

6x SHRPWM m 8x MCSPI 4x PCle® 2-Lane Ports®
2x SD/sSDIO m 1x OSPI or 3x MCSPI™
1% HyperBus'®
Automotive Interfaces Audio Peripherals Tx12C 10x UART
14x CAN-FD m 2x |2C™ UART"™ 10/100/1000 Ethernet™

FR AR BN

Security Accelerators

2x USB 3.0 DRD"

Ethernet Switch®™
{Up to B-ports)
QSGMIISGMIVRGMIIRMI

2x CAN-FD™

R E N )7 B TDAAVM,  E 4K 3k 3| ASILB 4%,
MCU & 3£ %] ASIL C & . 1# A £ 3£ 6 /> Cortex R5F 3k fR 1l 52 i 4
Aoe] FE M,
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3.2 EREEREORA

Bk 152 AEE RN REH®#E

720 ’180 '—2k/ 7
i + i 1080p + | ggg ggg
W480p W240p W720p p P D

Head Unit Head Unit Cluster/HUD Head Unit Cluster/HUD RSE

Segment Display a-SITFT Mini-LED OLED

LCD-VA/TN/IPS
PMLCD LTPS LCD

Local Dimming Micro-LED

FRFKR: LB

AELTREDHWEERZ LVDS, RKRERKEFHHHEM
¥ AR, TEE4 KA eDP 3 V-By-One, It4h HUD — it 3 £
ik, EEEULTR, —HZRGB#EH,

RGB # I X" TTL#E, % WLey TFTW & HUD H B~
B —# 7 JDI By ACK453AKC-E, 1.8 % ~F A/, 4 7% 480*240,
6HlFRGBEE L., WA — 2 NTeETHERE —HLLATILE
b,

LVDS, EF Low Voltage Differential Signaling, £ —f# 1K & £
AMEEHAED, CREFENS A7 (XEERFSFHRAE) K
TRLATTL B -F 7 R T s A R BB AR A EMI BB T
A F G ST A — A R F I TR A
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LVDS 4 k%3 2 5 W & 7 A R AL, B E R E AL
MfEZR AR 8 &, EHMA 16 &, FiEHE LVDS & A
SCHRFE| 1366 X768 HY B R, & B SURF 1440X900 () DL Ew
AR LCD B, B— EEMNEE LVDS WmHELk . 4 EHEE,
HEHE R, RARE, RRRA. AE#HLXZEES TH.
F I LVDS i BE® — T~ #1L 30 EX. A#oEHEFR SoC
C R ES A ERR B IRTH, 2 FHRITH, M
i #0Z HDMI B MIPI, FEH#®E AN LVDS 55 . FA LT FE
AR Z LVDS B0, 3t % B LVDS 5 H b 4T Bk #y LVDS 1~ [ ,
W LVDS A8 Bsh & fh i BE Y LVDS, T AU U

eDP, Embedded DisplayPort ¥ & —#f % F DisplayPort 22 44
RN — AN FED., TEEFALCAEM. Tilw
i f TEAL . ZHE R Haswell (HAFE 8 RFIE H4H) F
tzja, SHARIUE VDS EOW X #, AT HEH CPU K
B eDP 55 . 4 F&HLF DI 2K U9, LVDS % 32
FUE. MAAEN, R XA L HENER TR, RANE
Hri® &, 4lanes B 5 21.6Gbps, BW/NHIR T, ® 263mm, 5
Limm, TP~ &ey2#E, TF LVDS &b, &EHixit,
eDP 3 3t HE i T 40 7 LEUR BN EMI CRUBE T 38D
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LVDS Reetein E G B E 5, eDP (A KM@ I v iy 3
e, W U ERESGES. B LDS BERE, HENE
GAERREFHEZ 011 HAUTIE, XMIZLEMES
HE, eDP 2REETZ, "L L#HFAE, LVDS Tk X #F
4K, BJfE 2K B9 Rk A% T eDP, LVDS IF7& [ eDP it #, WHFE
KIEE RS,

A —F# LVDS B9 FH % 3 0 V-by-One, 1E#E5 eDP A1 Y, (H
K E D, LvDS JLF ] UL 4T 2| V-by-One, EHARTH
BAD R EMBH — B2, WEATAFE AR 28 E
BAEHF, V-by-One® HS Z THine (EFEHE F) M FXHE
TG FZ R Gb K BATWHEE DHA, Thine(#k3€ B T )&
T 40bit/ R EEGEELZ RN - EL S, EEEXN FR
& oAb R B T LLIA R AGbps, A FMHEBIHERFEA,
LI i Uik BB IE F R RE

K% 153 V-by-One®HS & K

Transmitter Receiver

24132/40bit 600M-4Gbps 24132/40bit
Data 2) % Data
| Tt
x v % =
T € £ ‘i:j ) Diff 1000 3£
sync = - S g Sync
> >
) - | LOCKN 2
CLK > I > CLK

HTPDN (Option)

Ak JE: THine
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SNEREED T E, HDMI D2 N AKX A, REZMUAHTK,
THFHE. DVI A1 DP # 2 H £ 4, FRAABMAF W,
—FELWHWZ MIPI, XFREARAFIEELM LR EITL
MTIE IR B AT, HRIBRAREA, NAREB KRS
MIPI CSI 4t x5k, EABUF A ERMAL, DSI 3 BN,
H % B0 # R & T D-PHY, KKK 2H C-PHY f7 A-PHY,

B 154 MIPI % k5%

Camera

uoned|jddy

p v/
Universal

Ccl Flash
csl-2 Camera DsI/DSI-2 Storage

Camera Control Display SoundWi
Serial Interface Serial omr3s 4

Interface Interface

siakeq
|0>030.d

11

19heq
[ed1sAyd

© MIPI Alliance, Inc. June 2018

HRRIE: MIPI B3
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KEC-PHY ¥ # N3, 5 D-PHYAEE, T4 T —% Lane,
BT T E S, Hulme W 4lanel0 4% % 4 18Gbps, ¥
Lane H 4.5Gbps. C-PHY ¥ Lane %t ¥ 1A %] 13.7Gbps. 3lane 3%
41.1Gbps. | % 448 4 MIPII3C, # 5 3% 33Mbps.

K& 155 #& CSI-2 # AL A H 8 D-PHY Fu C-PHY # Lane B2 &

C-PHY Configuration

D-PHY Configuration
per 9-Pin Interface Port (3 Lanes)

per 10-Pin Interface Port (4 Lanes)

DATA_CLK+/-

0 D+/- Tx0 D a/b/c

I

CSI-2 CSI-2 Tx1Da/b/c CSI-2
————————-

CSl-2 Tx1 D+/-
Host Camera Host

Camera

I

Tx2 D+/- Tx2Da/b/c

|

Tx3 D+/-

|

YRR IR MIPI Bx B

C-PHY 4% 10K120 % & 7~ F1 1600 77 % % ¢ 3300 /7 12 = #
No

% 156 ZrARXEHTN

Camera Link Payload Forecast (Gbps)

Display Link Payload Forecast (Gbps)

100 %0 ?EAK o
159 oy
e -
20 ShP ,—’Zg: wER
- 20 o, - A A
0 0 o {RE __,-.,,-A A
1 % o -$-§
3 i p‘pﬁn' .3 _‘}:‘iC‘
] = R e ¥
3 < [\ e
= 4 - ¥
i B! . %
\,l\" 0o o Prod
\of A Forecasted
0 == Trend * Trend
01 01
= Curve fit e Curve fit
*
. *
0.01 0.01
2000 2005 2010 2015 2020 2025 2000 2005 2010 2015 2020 2025
Reference data (Mobile): Reference data (Mobile):
“2017” camera: 16M60

2017 display: 4K60 Automotive targets ~10-20 Gbps for 2020+.

4K (e.g. 3840x2160) x 30 bpp x 60 fps = 15Gbps (no OH) A key challenge is the long-distance
requirement for cars:
Mobile: 30cm = Auto: 15m “2020" camera: 33M120

33MPx 10 bpp x 120 fps x 20% OH = 48 Gbps

16MP x 10 bpp x 60 fps x 20% OH = 12 Gbps

“2020" display: 10K120
10K (3600x3600) x 30 bpp x 2 eyes x 120 fps= 93 Gbps (no OH)

YR RIE: MIPI BEH
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MIPI BB A0 2h S 80 & A-PHY, X ZH KB ERL
iTHy PHY, EEEUR B AT T8 SerDes f & T X B # &
MIPI Bk B 091X 4, % — 25 A-PHY MAEMEL AW, i
FLERRL, 8 A-PHY SRAEREBNI . THFEAEAHES

B P] K BE B 17 £ B9

B%& 157 7% R K4 5% KA MIPI A-PHY,

CSl-2
CSl-2
csl-2

Csl-2

DSI-2

HRRIE: MIPI BEH

EoEhaAFTEEARM, EEE
JIIRBELZEFREER, MATHIFERET
B, T —IRBAE L By R A 2T A 7] 7L

178

WA

FIGURE 18

Native MIPI A-PHY
integration in the
endpoint devices,
eliminating bridge chips

Source: MIPI Alliance

AT, #ATDH
I Bt % 3% F B 2
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MeETRAE-—REEL, THEEFTLAZEAWER, ME
BATATUXAREZSGES, TUARARE CHRTHE,
FrUlf LR Emuy e mE =, REFATIU—REZNEE
fr, EERMTTKTEAT, AULE R ETERZEES RN
Bk,

THMEMET, HTFRRERS, AHELERS
EERE, HATEFN. RECARERNFREE TR LVDS Fi,
LN AR AR S EAR, S A EREY PCle A AT
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3.3 S5EfRR1T SerDer

EERAE, FREEKR—REYGRT, AFEHZ—RE
WY, XAREEAAR, XRSTEE. XK EMI BB T
#, XHLAARMAEATRA, EFLEEBL X Z AT
MIPI, XHFEBETHER, EERITHHESKEL A &
1T, EEREHEEER LR AT, XA SerDes. THMN
NE R, &R#Esm™ Serializer, # v Deserializer, 54T &
Serializer #EIHFATE T WA B AT1EF . Deserializer L EATE 5
BWAFATET. —MH, F4T1E5 A 8/10bit K # 16/20bit 7
B, #8476 %% 1bit TE(LT U B E&EATH, W
8bit->4bit->2bit->equalizer->1bit LAFE 1K equalizer By T E 51 %),
& JF # & (scrambled) By 7 U3 % T 1F £ 0 45 IR 5 & 9 8 4o
SDH/SONET, SMPTE SDI % /& 8/16bit #1317 5., & 8B/10B 4k
A 84 61 4 PCIExpress,GbE 1  10bits/20bits 7. E . U 7 %
7 Deserializer Z 4, — #it#H L4 X1 57 3 8 & %5 (Aligner) . A8 X
SerDes & A%, SerDes #Wiimiys TR M ZI 2 EEH, #EK
# E B E — > bit T REE R L HFTHREFENEERE bit L E,
] 7 B X 5% 28 % ok AT AT 4 bit LB T 48, DU RE#RY I
THIE

180



2021 FREEREME H B

SerDes & Ef 415 5, X & SerDes = 4F Al 7,
SerDes £ B Y 3% & ik T CDR(Clock Data Recovery) . %, #| /5 CDR
ME WL IEE R PR A, AR RO RFELE, 2
M B LT

&% 158 FPD Link & 478

» Benefits:

— Reduce cable harness cost and
weight

— Low EMI with differential LVDS
— Diagnostics features

Serializer/

Deserializer

Replaces multiple interfaces (wires) with one pair

Fomard Channel

Video Data # “’"’“’ =l q Video Data

Clock DES Clock

12C Bldlrectlonal Control 12C
Channel (BCC)

TR EMNPE

WX R ENTAE N, w0 HDMI 2 MIPI DSI
3 OLVDS, EMNBEEH L AEASANEE %, LT
Wi 37, F1E¥FHEFEREG LM EATERAEJLT 20,
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Bk 159 FAES TR G 0 BIRAERT R

RGB RGB
Parallel Parallel
LVCMOS LVCMOS

Processor ' i LCD Module /
Processor
lication — . 1 . Timing
Aptog“: = Serializer & Deserializer Controller or
——— Application
* Logic

Processor

Timing
Controller

Application

“OpenLDI”
L D I “FPD-Link”

“LVDS”

mipl  csi2

processor interface Processor

Processor

Serializer Application
Logic

Application
Logic

TR RIR: EMNE

SerDes TX 7] LR & &, LF LR F —HFiwih,
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K% 160 FPD LINK IV 3% £ &

Daisy-chained displays

Content duplication Different content & same resolution Different content & resolution

FAR IR M

EEFBGELE, —BEGHREZL ISP AETRE, &
TRBEFRUEHHFA Gl £, A, BEENER
E, HEF L RXMUEREE P RAAEZARBO NE+E
Kk, KN AWES, FREAGIREEME R AAFRHE,
BT BBEKRNAMXF BT a7 A, W FE SerDes.,

mELAJGERIT BN A ERE LHEAEFREA N, EH
CVBS (Composite Video Broadcast Signal) # O £y 7 A JE £,
v LAAE L R A S BB (PAL Bt NTSC #|) , XHFHNHEE L
BEHE 41 7T,
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UM EARF LERNNER TR, BT XABNUEGET 7R 1E
frey AHD, 8 XFH#TFE5H X EHWH GMSL, FPD-Link. V-
by-One . XM AEZWILHE LA Rohm (F EMHZ A Clockless
Link) , THine (7 £# Z % V-By-One) , Inova ( 7# £ Z K
APIX) , Sony (7 EMZ A GVIF) %,

AHD (Analog High Definition) , #-T AHD #hil, &4 #E
AHENEGRE LB KEESFEAAETHE R, AHD F
= AKX : O AHD-L: FWEZTE THEN 960H, # KT & iF
720P; (2 AHD-M: V& i % [l T %% 720P; (3 AHD-H: V& M &
%[5 T 1080P B 2 & iE .

ERE L, AHD #1747 ZE LA Nextchip O E £, H =&
LLBLZ] 1080P@30fps HY &4 at /7. IR AHD 2% 1L By 204 #7 i A 4
B CVI, &% N “BHE E AT B T” (High Definition
Composite Video Interface, HDCVI) , = [E& 4 Techpoint Inc /A
AR TV, 24" “TEFGEWED”  (High Definition
Transport Video Interface, HDTVI) . i ZE &AM AL AR FHF 2

AHD.
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AHD HIfE B2 R AN, T2, TEEEENEAM,
AR T HFAMEGE L. BEERIANB e L. BAEE
AGERelRE; RAEUWREZXTH, B6H. AEREE
fiTstet A THRER; FRRERERL EMC B# TH: &
Aol fhm L XHF 130 T E; FAREEULE W, —
B A, EUKEIREL, WL EEREREST, FEEM
TawESES; KELLEETERELMENER,

Kom =48 K Fl AHD B9, A# 4 F Esm EHAK A T 4

FhETHEmAN, XHFX R EEUT e — TR, E5
ERAT, TwEES. &%, S, AARNK, EiRRE
BEZEB . w7 ILEE X0 GMSL,

GMSL (Gigabit Multimedia Serial Links) 7& % %% 4% % L 473,
JUF 28T, %5 360 . mEATETEE AN, BFL
MAX96705, f## = % £ ECU W, MAX9286 & & & 7] DL X i IH
W, RATHHERRRAT RS, e E, TI # FPD-
Link 77 £ 75 8kV kK H#,. 15kV =S K Y HE & & &£ 77
# AN . (B 8kV By ALK .20 B, TI BY FPD-Link 77

TR ERBFAR, ZIJLEKR. 6kv BB ENEILT,
2B R UEHAZIAZE,
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M T E, Maxim 89 GMSL 77 2 7] DLRIE & 8KV 2 fih A B
15kV ZE Ak B EHE, WG T 1% 7.

% 161 GMSL B35 57

Camera modules Multi-Camera FMC module Carrier card

sensor Serializer

L e e S e PR P S & g ymp e 2 S (DT 2l B ==

i
o I -
: sensor Serializer :
I
| e EEEE, | o o
«
g ' sensor [I16MES Serializer 2 Chos oh:?:éﬂa; MIPI CSI-2
LAIES ON AR0231 MAX 96705 Doserializer 4 lanes
- 3 coax cable
i 2Mpixel parallel GMSL Sk
: sensor 16MHz Serializer -5 Gbps -
BN ONAR0231 [ENNENRNY MAX 96705 o Xilinx Zynq
i coax +
! 2Mpixel GMSL  TEepiEes e UltraScale
I

ON AR0820

8Mpixel MIPI CSI-2
Sensor (180) [l Serializer - MAX 9296 4 lanes
Dual GMSL2

ON AR0820 MAX 9295 Deserializer VAo )
8Mpixel MLPLCS"Z GMSL2 Alanes

Sensor (TBD) Serializer

AVNET sica

% H kB XDF

FHE N GMSLEYE AL R A, 44200 77 & & {5 5 fm MAX96705
EAT B N\ B — MR & MAX9286 2, A 800 14 & & AT
# MAX9295 #ir \ 5| — M & 2 MAX9296 2. MAX9295 =2 H #l
" — BB X AL 800 7 B & B B AT
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%k 162 £ XNWEE

20a

FPD-Link-1V
HDMI

10¢ —EEFoEE TV

10GBase-Tx

USB3.X GMSL2 DisplayPort
MIPI2 HD-Base-T
GMSL FPD-LINK-III
1¢ 1000Base-T1 FPD-LINK-II
USB2.0
100 m 100Base-T1

A2B

10 ™

KRR IE: Molex

APIX(Automotive Pixel link)7& 4Z [E Inova Semiconductorsnova
TR ZEEHA, KUTXEE GMSL #24 JH DLZ B FPDLINK,
ELARF|IMER APIX HA, Z Inova WEEZE P, #4., K
AR R E R AEER . 2F APIX3 AR E 1 #4500 &
% (STP) ¥ LI HiL 6Gbps W fF i # E, T WHK L

(QTP) & #[ 3£ 12Gbps.

XY

54
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EBGBBETTE, BRALKEFEEH GMSL B 4E ML
#5 B FPD-LINK, & 8 o8 XU K, EI GVIF,

&% 163 &R GVIF

Camera ECU Head Unit Center Display Meter Display Head Up Display

GVIF2 ] (| GVIF2 GVIF2 GVIF2 w O [ GVIF2 ] [ GVIF2 ] [ GVIF2 ]
r

Ser ser [ B Des J l Des J l Des

Ser Sel

1] source2_coureas ]
Graphic - e . . . . .

Gontroller » Simplify the wiring from Head Unit to multiple displays

\_ » Minimize the number of connectors in Head Unit

> GVIF2 Ser has one GVIF2 input and one SoC input

» GVIF2 Des has one repeater output

HARFHESFET LF#b g X EARRN GUIF XA,
GVIF2 % # CXD4960ER-W, CXD4961ER-W, CXD4962ER-W,
CXD4963ER-W, CXD4960GG-W, CXD4963GG F] UL X # 4 B 4 &
60 WiEH, HILXHZRW 540 FHF 40 W& 2 KA F A
i

x4 SerDes =i A IC, BaAENMEKF. KA, #
WIC REWESHERESE, TUEEANERZEHRR, MHK
FICREBEWEFESEET, MEKF T H. BN EELRE
4k, Wit IlE, FJAH10-15F, HFEE A EDAT
BB, 3 3-5 4,
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B IC mEME Rk, KAE., KR, g EkM
R, e —BXERITERREERANER T, £&
HK£ 10 FLLEMERIIC R A EDH, wERTEHRAR
NE5532, A4 FI##E 50 4, WELEA. HF IC ZXHA
CMOS L%, MHEHlIC P RA CMOS TE., FH AHEW IC #EEE
e ESRE A RRKR R EM T, T CMOS T2 85
BEARE. WA, B IC EABNEREEMTEEL, XH
EHEESEETHREAZMEIM., T CMOS TZ £EF £ 5V
UTHWIReEERE, FEREFAREETRRE. X THFHE
BRWAEREEEMAEN, HFEHBRITE TS TAFRE
WH R, WAETIZRAWRS, ENek ity RAEDd
A AR e fEme s, srllzeflEslirAirxesns, RF
LA et Ak E A R AR, AT IC BB AR B A A
W hMERAEN, TXLRHF ICRITHATRAE RN, FHIE
WIC 9Bt F LA JLF A By BT m A

Z— A 1HZ CDR, BUE S ERE, N TEHEM BT
SoRYL, —MEILT AR BRI B R 2 R\ B
MBERE, AEEEWRE LS8 EFe 45 R R I kK,
IR AR E R B e A BB AT R AR, e R A B
NTHEETETHERTEREREE,
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X T B A AT S SR, — R T AR R R R
R LB R RIS, B B 3 B A IR
SRR AR BRI R, 3E SR AL th o B 4 R R B AT
TR, B4 R B T A AT 1 R E
EF. COR BUMWEER BN, WEFREFECE
AR TR B M. BB (T)) B B A R AL
BR. KEREHRAEN, EAEAEDATH. 4. &
2 sk 0 A HRBE B 0 e B T £ RHO AR . T K WAL 3
ELB R AFENEF S, ARETN, EREZHG. £
B PLL. B LB 0 R A B R B A (B B . —
BRR AN B ERE, PLL Bk S RIFRRE, &
bR G S — R . BB, ERE PUL
SH RS, WALE, RABEEY, 4848, BH 104
EAEMER R HTR .

SR RE IC WP RS, T
KEE, CTHRE %75, EL4 A REAE. REIC T
R AR, BAOMEL0EN L, AHA 204,
o E R DB E.
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3.4 ZegklAKXK

3.41 KERENE

A% ECU Z [, ECU 5EREZEHATHZ B LA EREF
TR B AN AR N, XAEE AR YR A M.
EHRELENLHA UN, CAN. MOST. CAN-FD. Ll K
(Ethernet) . Flexray. PSI5,

g 5474 % K LN 1 CAN B4, JE£ 741 ADAS ¥4 %
Jl Flexray, 3] 7] t& % 4 % F| & & CAN 2 CAN-FD, # 3% 2 )
4% JHl PSIS, 18 RIRRH 4 A Ao Bis £l MOST, X & — f# 31
T W%, FEACEHF T MOST H A,

CAN £EHTF EEFl&ELH, TIAFHME N K
AR, RAEREE N 1 Mb/s, ¥ LAULX AL T 20 # 4
90 #RIEHBAHHEW (CAN) Ea, HTFEMNKEEFTL
KRB & B AW,

LIN 2 —F Rk ARBFETRL, BAREFREFEANTE.
RE . ERMERE, mAERELA 20 kb/s,

FlexRay = 4% CAN #2 LIN Z G 93T —RAFE# L& &K,
B THZFRXLLEA, FHTL 10Mbps.
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FlexRay i Ef ¥ 7 T/ L CAN R & B A RGWH T, ¥
DLt RRE RBMFAMEXR, EERMFENEZTNELZEAR,
g AHNRES, TEEATHFERETHWEAERRE (WERE
wl. REAER, GlahHER. BRE6%E)  TEHED,
FRAKRIRE o Flexray &% & F 5 FHA 2000 F47 H,
2009 “F Flexray & & AR 4 1S017458, Flexray 4 4 5f M ##
#. Flexray W/ OB RAFRM ., £5., @A . KRK. KA.
NXP. f#i. Vector. Flexray & 2t & # & NXP Z W 90%H 77 47,
TR TEN & Vector 2217, FEREEREARE, KW CAN
5t 50%. TEREFELE £,

RFF M AFHUAMN,

Bk 164 AERLHBE A

Diagnostic CAN Ethernet

High-Speed CAN Central
Gateway MOST

Flexray High-Speed -

CAN

L1 e 1]

L e ]

L] I L]
T ]

LIN LIN - - - Peis
]
Chassis &
Body & Comfort Driver Assistance Powertrain Passive Safety Infotainment

R kIR NXP
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2010 #J5REH FH A, ECU &, ECU WIZEREAF X
HME IR XL K, £ ADAS B R Fo B 2 5k iy 0 A 2 3¢ B R F
EWHAL, FHMEZFTRHTFRETBER, ERAFET
RERARKE, —HHEZ ECU RAREFMRENE M, HTE
GAARUHE, KEWNZEFREFRET, @I~ Er A
A #7300-500 % 7T, RIEHE AT E T RMER, AR RR
¥V dE 1000 0. A~ HHAXRR G, —WHKmF
LRAGERAREKRL 300 27T, EEAN 30 LT, KEAY
1500 ¥, 4K A% 600 1R, 1200 MEEE . T HE —HEEEH
R R G A A £ 550-650 £ 70, EE AL 60 AT, KRAL
1500 1, K& A% 5000 *, 3000 M &. wRIEF B A HE
FTRMER, TAFHRNEAREZAT 2T 1000 27T, E=
F[ 1k 100 /A FT s

ERUANERAENERHEHURE N B RN EREE,
I 4E B & B ] X FF 15m MBS (0 T B BROR R &
SCRF 40m), AR A AL A Z LUK ] U R R EMC B K
AR D E Ik B0%M F N B R A E L 30%NEANLRE E
100M ZEH LA E PHY KA T 16 LA By A, ¥ @ 1 # A
EE R s e G R R
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DLA W B PoE # A T 2003 F 3 H, I ARER A
LYRE 154w BHEEE, £ F B EFEHXFEE S
Efeh, TH—FRIFLEGNEEFIRARTENL, & T
HHE PoE & 4 X ELGH LA T, FEE A EFRLL
AWIF AT PoDL, 71— 440 b4 e T %% ¥ 0 ECU Y IEH
EATHR B 12VDC =% 5VDC e E, BT EMWAKR, REW
AEEMARER, ZHZRNERE. LFHAFENE A,

LA, AERNFRELE-—AEER, EHERE, FAE
WOCE Lt E o R EGRL, AR UM EaEE.

3.4.2 EHUAW

A ARG E S LR PR ?

DUA W 2 b #1504 £ K (Bob Metcalfe) F 1973 #4# H
1, LUK M4 CSMA/CD (H i W9 % 87 9] B R A D
A, BEEEERARKE (UTP L4 #THMN. BTk
Y LAA B (10Mbit/s) . B2 LA B (100Mbit/s) . T J& B (1Gbit/s)
110G (10Gbit/s) VLA B . & f1# & A& I|EEE802.3. (VE:
bps=bit/s) .
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DUK P o8 B B9 1% i 2 B AT e, L2 T 7E P ey 4 22
MO EE—ANEUEEN “FA” BE ‘R —AEMAE
(0 3 1), A 2 X /A~2 i & X T 1Gbps # 7 %k ¥ 3t &
1--1000,000,000=1ns, 4 8 A (bit)tH Y4 F 1 /F T (Byte). £
N (Byte) T LUk — AN B Wi, DAK W A% S 4088 B DA A
frHy. AW F—MEN B &/ T TE 6dbyte, RAF
T2 1,518byte. LR FEHEAFAEMZ B L 2H —N12 FH R
& o

HTHREEZE L ANREFLZTH, X2 K7 H
Frfe. EEFIANARmEAETHENREES, FEXY
B i AR R K RE R SRR W, AR BT E IR &K
Emst o L EES, BIRMNEE AR R, F AP
FHAEREEZ/ PR ~EE QoS MG #HATH &, —i
DB EAER AW EF. & IT TV EFA AN FRXHAE,
YEANZEAN T S FE AL 0% L AEFT A, LEW
R A 18 3T 4T 1 P 48 O R B R 3 Y T A

BT UK R BB B KF, FERAFRELNERNER
|5 #L, K% RTP (Realtime Transport Protocol) #EE— R E I
RIEE B B, EATRI LN TFERRECRETE
H A% AL
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Ft, BEXNFANEELHATET, BT HEN
Z e (Buffer) o fE— B K JF & % By AL 5t X & Ry 3] fl—
WA “RET . BT, LEEEE DK MR AE R Y R
MAE RIER . H P ERATS

FTRUAM R AN S E R ESRFRFEZRE, @T
Ethernet X /& CSMA/CD 77 R, % i B AR, 4% frey 71
B R T Re e R T i Hy SE BT ok, BRF Gn LUK PR R DA
BREFRAREREAZHBEHEHEER, —EAHARN
“EHEMET NG, REERA_-_ENECETINTRER
(Priority) /L%, = EMZ W NET R%FE (QosS) Hil, 17
AT R ERENER. o, EERUAMT, A
LIRFMEHLET L 2L EFE WA, BEEE Gbit/s B
FERTUFELEHUVWER, HRATEANANER. &
I E R Z Mbit/s B E, TRELZRREEEEN, XHER
ELEERZN, TEUANKANEEGRR EREX, £iZ
R Tom R 57 LRI 17 3] Pl 2%, X T om R G0y R 55t 2 2 3
RS, EHMABEXN—NTARNERZ LN RAAFE
EE —F WA b AT SR LB, BT T A Y AE B FE A AR
xRN,
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e & TR AR A B3 R F EAM, IEEE JTieE FIF XA
TENME ey LA, L5t & EAVB,

EAVB—— DL A P & LA #F # 5 A (Ethernet Audio Video
Bridging) = IEEE #y 802.1 440 T 2005 Ff #a 4| = ) — & & T 7
B DA 28 A B BTS2 LA B i I

3.43 ERUANYEE

% 165 ER AKX OSI # A

soms/:p DoIP xcp UDPNM e
AUTOSAR ASAM AUTOSAR |I
1

T T W W T Wyt - e - —-—

R
DHCP

TCP / UDP i 1722AVTP H
IPv4 / IPv6 / ARP / ICMP m J

802.1Qav | 802.1CB

' 802.1Qbv
802.1Qat o5 T2%

802.1 AS | 802.1Qbu
[ [EEE | | IEEE |

IEEE Ethernet MAC+VLAN

Ethernet PHY: 100BASE-T1/1000BASE-T1/100BASE-Tx

R IE: Marvell

ERUUKWARELD T E 4, — o2& EEWN PHY 7k,
A A EATE, X ANARESSLL IEEE BYARVE N F S

N

Z o
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FHUAW PHY A E B G 2N RRLMTE, FoaU
ANEFBZURAMZATEAZERAURANFE 2-4 34, FRI
AMAFTE—X, BxdRFwe, XX—m, LR 70-80%
WE SR R, LR 0% E E. XEEFE A AR
wEBRE. FWERT#HLFENEMC B TH.

% 166 FRUUAN PHY 7L

Year Speed Pairs of Maximum
Standard Published (M bit/sec) Wires Distance (m)
10Base-T 802.3i 1990 10 2 100
100Base-TX 802.3u 1995 100 2 100
1000Base-T 802.3ab 1999 1,000 4 100
10GBase-T 802.3an 2006 10,000 4 100
100Base-T1 802.3bw 2016 100 1 15
1000Base-T1 802.3bp 2016 1,000 1 15
10Base-T1S 802.3cg 2020 10 1 15
2.5GBase-T1 802.3ch 2020 2,500 1 15
5GBase-T1 802.3ch 2020 5,000 1 15
10GBase-T1 802.3ch 2020 10,000 1 15

Automotive Ethernet

HRFKIE: Marvell

ZH VLA M EF 2%, 10Base-T1S ZiA B B S H CAN
W 4 ., 10BASE-T1S B[ IEEE 802.3cg L%t Z OPEN Alliance #
TC14 , 100BASE-T1 EF IEEE 802.3bw .3 OPEN Alliance TC1,
100/1000BASE-T1 ECU | i #= % BEf OPEN Alliance # TC8,
1000BASE-T1 B[ IEEE 802.3bp %= OPEN Alliance #J TC12 ,
2.5/5/10GBASE-T1 B[ |EEE 802.3ch %= OPEN Alliance #y TC15
BV
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EHUANHIEZ IC, 100Mbps BI AL 3-4 £70, BN
. NXP ERAEL A T ER£s, EANELH X
1818 B8 78, 1Gbps Y A %9 15-20 ¥ 75, Marvell 78 H AT 52 7
Mg, HEF Microchip #H — & 2 #, 1Gbps ML EEARHH
Aquantia, Aquantia E.Z % Marvell P4 4.52 1= o4 ¥ . 10Gbps
A Aquantia B§ AQV107, A%740 £7T— A,

K%k 167 UARNRGELE
Bk MU Bk
Mil Ml

FR KR EERW

PHY £ X 24E RV BT (R, Y 2| MAC TR B9 2048 (3F PHY &
P, RHBES, NERK, WMEKET G 2L, K
LR CRC) , & 4bit B v 1bit BI4EAD, REIEFATEIE
HANETREE, BHENEENRAGAN (10Based-T H
NRZ %3 100based-T BV EMATHF &) LI ERL, BLAN
EIGEFHEEELE .

M LB RZENETLERTEITR? EXZERUR
5, AACHEEERERANENNRA, BRACERNE
REBTH, ATEELNETEHTN.
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WA ICF1 MCU & & K K3g (1 CAN W 4) 438
B, B (WLl A. Flexray M%) 432 F — L #82 20y &

3.4.4 ERUUANEE EAE TSN

A DLR W i BBV RD & B8 9 2] 2002 4F#Y IEEE1588, DAA
P{7E 1985 £ & 4 IEEE802.3 A7 5, iHEALAR P 28 W 7, 72 2
71 T RE e ULA P oY B 0 6] 2F 6B 7 A RBY AL, JF R — A
FARH LR B (NTP) , BREE ML XA L8 8 E e FE
&k F1. 2000 F R AB VR L & A S T eE Bl P & L4, 2001 4
3k AF IEEE LS A & & 7 & X EARER AR 7HT (NIST) Y
X ¥, ZERAREWHE A 2002 £ KT IEEETEE R &3
it, BN IEEE1588 #r .

IEEE1588 #rEBE A M Fhm M, REEMKRE, AT HE
DLA W EfEdrsh A %1, 802.3 T4 5 IEEE1588 & Fi & A 1E &
2005 4 11 A 3 802.1AVB /N4, AVB T 2009 4 7 A i T &
%, JFE 2010 412011 FFE Tk, ©HEEAERARE: IEEE
802.1AS(PTP). IEEE 802.1Qat (SRP). IEEE 802.1Qav (Qav) ¢
IEEE802.1BA % ik . X HLA4S K% WHZF & LA P : Ethernet
AVB (T f& 5 N EAVB)
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EEETEXHERFZLMGE. 2T ERUNTEM
AR A M. =0 A& 2013 £ X5 L% — 4 F EAVB #
360 I, SEIRUUT A FHLLAM K 2008 FHELE”, &
(oA PR B BB R /REY MPC5667, X5 B 360 B G FE R B
R MPC5604E, EATH AFEA .

EAVB £ E 4t X Z k% 4E, A EWAF, 2012 4 11 A,
EAVB T{E/NH K 4 TSN TAE/NH . TSN 2 — R F AR H & fa,
TSN BYAZ/C AL B A e W45 By SE BT . & vl Sk, m et ab [ P
HEEXE, CRERETEATETERM, METR, AF.
TVEFUREZENAT A, XEGEZDARMNU LN
B 4%, #E R CAN fr LA K,

A ZE LA MOST. Flexray. LIN. PSIS. CAN-FD %, ix &
ZERPAR. RAMFRRRERERZH, T RERE. W
RAEFHEML, TSN HH AL, TSN 47 F T 5G, 5G #Y#H[
% Fronthaul & /| #7 5t & TSN 802.1CM #7
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E% 168 TSN # 5

TSN Components High Availability /

_— un-z'gn:c:m;g;g:g;ztfqg; (Tools of the TSN toolbox) Ultra reliability:
9 Y ; Frame Replication and Elimination (862.1CB)

includes a profile of IEEE 1588 . ;
e P Path Control and Reservation (862.1Qca)
(;:‘;EI‘E"E'Sisgﬁ':d“jiegogrg?;t’;i;isiﬁ Synchronization Per-Stream Filtering and Policing (882.1Qci)
. Reliability for time sync (802.1AS-2620)
Reliability
Dedicated resources & API
Stream Reservation Protocol (882.1Qat)
TSN configuration (882.1Qcc)
Bounded low latency: Basic YANG (802.1Qcp)
Credit Based Shaper (862.1Qav) Resource Mgmt YANG for CFM (P802.1Qcx)

Frame preemption (802.3br & 802.1Qbu) YANG for LLDP (P802.1ABcu)

Scheduled Traffic (802.1Qbv) YANG for Qbv, Qbu, and Qci (P802.1Qcw)
Cyclic Queuing and Forwarding (802.1Qch) YANG & MIB for FRER (P8@2.1CBcv)
Asynchronous Traffic Shaping (P802.1Qcr) ——> Zero congestion loss = &——] Extended Stream Identification (P802.1CBdb)
QoS Provisions (P862.1DC) Bounded latency Link-local Registration Protocol (P862.1CS)

Resource Allocation Protocol (P862.1Qdd)
Configuration Enhancements (P802.1Qdj))
Note: P upfront of an ID indicates ongoing Project LLDPv2 (P802.1ABdh)

KR HEIE: TSN

TSN WFEEERE S, e gk, KER, FREHE
WAk, BE2020F 1A, REFHN AT K. 2020 F 6 A
19 F, 802.1AS-2020 iR E.4 7 Mo

TE A48 TSN B K AT

3.44.1 BE FEF

g a8 A5 5 R & T ab e, BIRAT 0 E PR E 2 R oA B A
e AL, TSN TR JF 4 & T IEEE1588 HURT £, | H # 4%
/& |EEE802.1AS-Rev, T T I EAg EW A 47 [E %, T TSN
e, ARAEENTE “HThiti” v “FRHER",

X ERASTHER” —XwFE “ARERL” , RAWESA
Bk TRAWASRR, B, XTHIENET S, RENER
T &R GMERE L,
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IEEE1588 i, X & PTP ( precise time protocol, #%## it
BP0, P LU B G AD B A A A B P AR B, T 2002 F 2 A0
version 1, 2008 4 % i version 2., Y EERHE 2L —
FET AHERHE AT R TRIER S, LU
EETUAMB 2 KR RILEEHFE S, IEEE1S88PTP A 4%
FEAMWT U TEMAENE T

B3 169 PTP P UHE 3R i i AL

F I b NS
t1 _I,__.__.,- """"""""""""" “ offset
X‘ A
\ delay
~Up (tg) & RIE N2 THE
3 OriginTimeStamp
Rel 1
ped= . \ delay
,,,,,, — =T 1 offse ‘
t4 . Follow upflZZ:
S 155 R 2R
elaVMResp (M) PreciseOriginTimeStamp

%o# £ JE: IEEE1588 #il

IEEE1588 T W Y [F] 2F R 3, Fr 4% ' B9 Delay Request-
Response Mechanism (FEBfue iz AL#| ) #w b &, IEEE1588 T
WREBIMW R CEHEHRT A CHBAR
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H o RRER: =AW MR F BT T 751 &
RAE LU Bk o JURRROSC, 7 LEt AT 2 T 4 3%

F M (event message) < A M & F EITK
B g 18] Va3 > : sync
/Delay_Req/Pdelay Req/Pdelay Resp.

i F R 5C (general message)< W &K BHE A F E JLE
% # BT o & > : Announce/Follow_up/Delay resp
/Pdelay_Resp_Follow_Up/Magnament/Siganling . Pdelay_Req
/Pdelay_Resp/ Pdelay_Resp_Follow_Up i iT peer ZE iR #1 %! |
EWA NS D Z A WEELN, BEEHEAXEL
Sync 1 Follow_Up i X # By & 8] 15 & .

Bl 170 LARE — BT = X1 1588 Ak
» A profile of 1588 for Layer 2 Ethernet

» The Revision includes:

— Common peer delay service for all domains,
for measuring link delay and neighborRateRatio

— Support of Fine Timing Measurement (FTM)
for IEEE 802.11 transport

— Support for Link Aggregation (802.1AX)

— Improved scalability

- One step processing m m

— Improved support for long chains, rings =~ o

— More responsive

— Faster Grand Master change over

— Reduce BMCA convergence time

- Multiple domains with synchronization information

— Redundancy: configure redundant paths and redundant GMs
FRRIE: EERH
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IEEE802.1AS-Rev & A LA A P % = B BT 7 X Y 1588 #. 3 7u LA
IR, CHT RAET FrABE R peer HRR %, SCEATH A
B8 FTM, *t4 8 5 4-(802.1AX) 8 X £, B EWEH W E &
1 P A BREMAE RN K, RO H, EHFHNH
BLREST, XAFET EREIER T, EK BMCA Y at [,

7741 |EEE802.1AS-Rev X T # B Fl ¥ 2 R LR U &
XERA (FTRETNABEMTUA L) o X T&WE%E XA
8] = % 4 F 4T ry X

IEEE802.1AS-Rev | /5 5| T AVNU Bf B 89 K /1 X #F,
AVNU Br B /R, BERMm=EWw 2 %%, Z EAVB hilty =
R4, AVNU BX % 4 IEEE802.1AS-Rev By it (B, #¢
% 3 ik 52 B B DU AR A
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3442 {K#EiR

Ex 171 AEEHEKE
Automotive Control Data Traffic Requirement

Flexible A - Flexible Control Data
90% of Control Data
A traffic
Best Effort ~ \—
Traffic -
Reserved Traffic
(Credit Based Shaper)

P

2~

Sghedu[ed Traffic 10% of Control Data
(time triggered) | - Addressed by TSN

Less Flexible

>
Not appropriate for Appropriate for Control Data
Control Data (E.g. High determinism, Low Latency, Low Jitter)

A ZEE R BB Lo A =, Scheduled Traffic. Reserved
Traffic. Best-effort Traffic.

Scheduled Traffic %0 J& & % Fl 8, &A ET8Z R4,
SRR PR AG Wy B [ ok K3k, F &R A FER W AR
RARBYE, TUREZEE, AFTL—REXRRERHLER
THASZEY, mFE25ZVH1ZY, THEFHRUANE
UL A E 240, BERKIER,
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Bk 172 AFEFRKERA

Traffic Class Max. Frame Size (MTU) Transmission Period Expected Latency
Class CDT 128 bytes 500 ps 100 ps (over 5 hops)
Class A 256 bytes 125 us 2 ms (over 7 hops)
Class B 256 bytes 250 us 50 ms (over 7 hops)
Class BE 256 bytes

HH R TSN 470

7 TSN ArvE B, BIEN AN 4 K, e BTt 2 R A
1} 100 # .
1| 7E 3R B9 4Z /0 AT 2 IEEES02.1Qbv B (8] & 21 A 71 .

K% 173 IEEE802.1Qbv i 7] & 1 ¥
IEEE 802.1Qbv: Time-Aware Shaping

Input Switch Queues Gates

| | | g

T

GlobalTime Schedule

OB kR . TEEES02. 1Qbv
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i 38 B 8] B £0 EE & (TAS BF Time Aware Shaper)f# TSN % #
HLRE 4% & = # A 2|5t & (queued traffic) , DL W W AR R F
5k % B TR EKE VLAN Tag, SN 7E— BRI R+ EX,

ANE X LHEAFTI R X ET B & OEH D FATER. &
CATI KN R EA R B E DR, IR T B E R
FRBEREFZHNER., LEREFNRENEREHH
Y, FIAEY. TTE TSN P45 oy 898 ROUE B AR ZUIR =

TAS AT — MRS, XMTHE “FF7 . “X7 H
MRS, R EETBENEFALHEELINNITE “TF7 K
AHIME Ro T X B[ THIR A By W 48 B [8] 2 £ & Network schedule

PEAT B X o XTI%H #t )\ Network schedule By FA 7 it = < Hl, X
3 RE Ok 18 AR L0 3 4% Sy B 8] B2 5K ™ A% 1 PN 77 By 7 50w 28 3R A A
TAS PRIZEES B ZR ™ HWAF aX LT HNEELHNTH, ©X
M REENFHIEA MR PDBELER, SHLERFEF N,
o & AL T LA A
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Bk 174 BERMEY B H %

Precisely knowing

Time Aware Shaper (TAS) - Algorithm< i con arives

Scheduled R Traffi Best Ef Best Eff and then blocking all
hedules eserved Traffic 5t jort St fort T
Traffic Queue Queue Traffic Queue Traffic Queue Time Aware Shaper the other traffic to
allow the CDT to
= Gate Driver | pass through.
Neither bursting nor
TO01111111 .
T1:10000000 interference.
T201111111
73:10000000
T401111111
T5:10000000
Te:01111111
Shape
T125:10000000
T126:repeat
aaaaaaaaaaa
. . . gate closed
| Transmission Selection | (W el

| 0 = -

FRRE: BN

£ W 4 #HAT B & B A 7 4 & Scheduled Traffic. Reserved
Traffic. Best-effort Traffic =7,

% T Schedule T & M B 8 4% FR R 2wy B (8] AL X8 i, H©
M4z £ %, Best-effort # #H £ & 5. Qbv £ E A AV LL et 8]
AN TR, ELAHKIEE KA LR . Qby # R
T ERBRENTE, URETIEEEREN R,
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K% 175 802.1Qbu/802.3br #:&AHLA
Preemption, IEEE 802.1Qbu / 802.3br (1 of 2)

» Purpose: Ensure high priority traffic arrives at a destination with a fixed latency

» How? Break-up frames into smaller pieces

» Preemption allows unscheduled traffic to be prioritized to have a fixed latency

= Without preemption, each bridge has it's own delay and maximum frame delay

B4 2] ES

Bridge Delay {0 T T TEmmeeman o
Bridge Delay + Frame Delay B L1 i Lf2 L3 Lf3

Talker ‘—g——-@——@* Listener

= With preemption, each bridge has it's own delay and a minimum fixed frame delay

10 [E24 N ES

Bridge Delay ! Fresg
Bridge Delay + Preemption Delay E18 Lp IE2 Lp BRESEN Lp

Talker 4@——@—@7 Listener

%45 JR: ANAGLOG DEVICES

MHTHANEZNHE, TSN LET —ANE SHE, ¢
802.1Qbu/802.3br £ [ 4 i

% IEEE802.1Qbu Byt & 11 &, IEA&HATHY1F Hr o] DA
W, WXIZFRH 2 A & Fae b wi, 16 b A RIER,
BNAA P IR PR, 127 FHRHHKED (RF LD T
REA 16 & o IEEES02.1br & X 7, it Tt Wiy MAC k¥ 3,
" LL#t & Preemptable MAC HY 4098 f£ 5. 1EEE802.3br 4 [6] 7 7]
L5 |IEEE802.1Qbv Bt & 4 4T #8 72 AL By HU3E # &
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% 176 802.1Qbu # &L

» Purpose: Reduce impact of frames interfering with scheduled traffic
» How? Break-up frames into smaller pieces

» Scheduled traffic requires a "guard band" so non-scheduled traffic frames don't
cause scheduled frames to be late

1. Frame transmission before the start of a reserved time period can extend outside its
allocated window, interfering with more critical traffic

2. Guard bands solves this problem, but reduce the transmission efficiency
3. To solve this, preemption breaks interfering frames into smaller “fragments”

late!
;. 0 Eﬁ_
guard band
3. O 0000
o e oo DANALOG

PR R IE:  ANAGLOG DEVICES

3343 A &

TSN *F RILE 7 % 15 £ Z /K % 802.1CB /7, XM EZ AL
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Bk 177 TSN 5 802.1CB #r%

Adaptive Classic
AUTOSAR AUTOSAR

Hi 802.1 AS-Rev

Break Control o EEE ADAS R
Module v "*| Controller 802.1CB
=

802.1 Qci | 802.1 AS-Rev 802.1 AS-Rev

Long Range
Camera reckr

WHTRE %, 14 AEANBREFE-NTUALERE, BEEERL
BABAMTLANER S 2 18 oy 8 WA F 2007 22 0?2 L5k =2
802.1CB YA ®zH T, 802.1CB EHAEZAZEMW T4, YA Z
8] B LA 2 & % K A PCIE X # ALY % £ AL fail-operational #L.% ,
A A Z AL
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3% 178 802.1CB T4 A 2 1 W ALH

(E) Sub- } =
System ,

%Ak : ANAGLOG DEVICES

T EHEZHKIE, 802.1CB £ 4 X #E— N KRELMD,
XNERCWERLB TR ELEEXENEREH. WRFD
BEMERE, EEVOCRETTRDURR, & R 8% 2 — K
B, ALt N EEER . 7 ISO/IEC62439-3 H B4 & X T PRP
AHSR M L&, XMBETARAA, BAKE, 802.1CB R4t
A RBEWH A, FEIKT KA. 802.1CB FrE &l 2 £ Eik & B
P An 18 3E
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&% 179 FRER A&
Frame Replication and Elimination for
Reliability (FRER)

1. Provide a sequence number for every packet in the
stream.

2. Replicate each packet, and send the replicated streams
over two (or more) fixed paths towards the destination(s).

— Paths may be set up statically or with ISIS, but once set up, they
do not shift with link failures.

3. Nearthe destination(s), keep track of what packets have
and have not been seen, and eliminate the duplicates.

— That is, the receiver does not switch between streams. It looks
at every packet to ensure that exactly one copy of each is
passed on.

802.1CB . 7] UL 45 5 % FRER,

K% 180 FRER W T4 & &

destination

7

—/

source
KR HIR: LEHF
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FRER MY B R EE R KU T4, LA URBELZ AR AL

source

K% 181 FRER £ £ ¥ T4

FHRRIE: EHH

destination

802.1CB A & £ 8y &k R H 2 AT AL o

Adressed by 802.1CB

(not in scope of this slide set)

Job of 802.1Qci

(not in scope of this slide set)

(802.1CB does not guarantee
in order delivery)

Initially addressed
in this slide set

B % 182 FRER % % & B 2 #r AL

Failure Mode Interpretation

Failure of
communication peer

Message Loss

Insertion of Message

Masquerading
Resequencing
Message Corruption

Unintended Message
Repetition

Message Delay

Failure that results in that a box stops
communicating (“fail-silent”)

Packet is dropped (e.g., by FCS verification
or buffer overrun)

New packets are “spawned”, existing
packets are forwarded incorrectly

Packet gets a wrong SA, DA, Tag, etc.
Out-of-order delivery
Bitflips, bad octets, oversized packets, etc.

The same packet is transmitted repeatedly

Packets remains longer than expected in a
queue

Z A kJE: TEEE 802.1 Time Sensitive Networks
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BAEH BB, TSN WL ER LR E KR H, E£ ADAS 41
B A H %, TSN Z# i 802.1CB V(L # AR, Kkt A\ Z|
SOA AWM EL, BIE A4 Zonal B, TSN X #AL A4 EE £ IC
AT BBy, — B I F] SOA £44, TSN R H4 B EAVB

3.45 ERUANRERE EJEEWH

K% 183 AF E/E EMEH K & E

Vehicle Cloud Computing Vehicle functions

[_FUTURE |

Vehicle centralized E/E in the cloud
architecture =
Vehicle Computer L Vehicle Computer
g:l:gg E IES: and pot. Zone Oriented Architecture

3 (Cross) Domain Domain Fusion ﬂ‘%% Central Cross Domain ECUs
5 centralized E/E

architecture Centralization Central Domain ECUs

Integration Functional Integration

% Distributed E/E
§ architecture Modular

Each function has his ECU

increasing no. of SW

FRRIR: i

Vehicle Computer [ EX SZFr 3t & Zonal 22744, Centralization

PR R E SR . XAE T TSN

216



2021 FREEREME H B

B *& 184 TSN X & T W& Zonal 244

+ Zonal approach including first level
of consolidation in three domains: (\)
* ADAS Super Core

* Body Super Core
» Cockpit Super Core

@ A NO O

» Automotive Ethernet TSN o °
backbone with high bandwidth 2 A
and deterministic real-time ©
communication facilities

» Sensors and actuators are m

connected to zonal gateway ECUs ¢4 ©© os 400

Automotive
Ethemet TSN

Sensor Actuator Zonal Gateway ECU Processing ECU
O A | Y ] "9

TR FiE

Zonal 22 14 ¥] & & SOA g iy # AV R &, 7] LLi% SOA &
A~FF TSN, ADAS/JEft/ZE & = MNEE 2T KM A A MEB B
ICAS.,

@i% 185 Mk MEB 2 #

HE | . — E—1 |
I = . --m---

Basisdienste

Kommunikationsserver m

Kom munikationsserver
Ethernet-Switch Ethernet-Switch

%

-
- -
=~ - .
- - ==
! [ — =
- Lam ]
—! —
Tech Elekdrik-/Elektronikentwicklus .
L E‘r;wlm::lt:n ’ Architektur und Vor m':'w Kung FAS (AS? MEB e’ o Mv M d ng be iar s il 2 Johre
EEFA/2 5. September 2016 L)

FHER: ARAE
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K% 186 Zonal %4 W *

12C, 13C, CSI, DS, 128

PCle, GMSLx, érr::mzttlve Automotive Ethernet /
FPDLx 10BaseT1s Automotive Wireless
Zonel 100BaseT1 Ethernet Fast Ethernet (OBD)
eSwitches, eFuses Gateway 1000BaseT1 Multi GiG Multi GiG
. Multi GiG

LIN, CAN, PSI5, UART, SPI

AR
P 5% oF B AZ 0 B DU & AT L TSN B9 28 #4L

B3 187 Zonal W x# A HELE &

Main MCU
_LR.ed.LLn.dant -

Power App <

su pply Core
Complex | |

i <

Rl
RT Core L
eSwitch _ | | Complex
leFuse g
l ~ PoDL:
PoDL.
Y
1000BT1 Backbone o -
) Inter_faoe N Ethe:rnet
Switch
1000BT1 = | t— 100BT1

PoDL - Power over Data Line
KR RIE: FHRE
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% 188 CAN 3| M A K

= Packaging is additional source of interference

m- CAN frame Eadl Ethernet frame a4l CAN frame -'m

frame group

transmit buffer UDP/IP frame CAN
/ Switched

Ethernet

domain
gateway E

CAN  frame tri | er Ethernet frame packaging
grouping % (e.g. SOME/IP)

Jmmc

switch coe

%R JB: ECRTS. org

CAN EU[}(/{KWJ, EI? SOME/IP-UDP-IP-MAC, 'sz TCP-IP-MAC,
KBk H L B Autosar B H iE iV Autosar ¥ B B, TSN,
Autosar & SOA A~ H] B & 84 &K 4 o

Bk 189 Wiwy44
= Frame grouping:
= by destination — minimise multicast overhead
= by priority (e.g. CAN ID) — enable QoS for different traffic classes

= by period or deadline — minimise sampling delay

by destination

— limits integration

by deadline

— multicast

gateway SW stack = .

%A IE: ECRTS. org

miEy o4, EAEE e, AR, REAHMF
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3.5 EERBIRIERS

Bk 190 AERERSL

e matit e ,
o v Sl SR mmeE 0 sw SHEA R T :
| 1
T FiEERG Ry B o
] ]
" |
| 1
TheEaRE: :: !
| : ]
| | :
1
r HEEER (AutoSAR RTESBREIE NEFEANETES) !
R :: PSUBERS: MEE (Linux/QNX/Vxworks/OSEK OSERTOS) :
1 : ]
| ]
| ! ]
| ]
1 ]
| ]

EHES
EHEE
KRR HERW
E N
ft 22 P

e AF, WEAMNEERTURERR SR,
BERARZE LT ERTFURAMENEERR S, WX
R EZEER G —#n, REEHEMR DA A,
ERMREAFERERE. REWNE. REAFUREMESE
AAZTWEMS. BT EEHREN, ARL AT EEIR,
o BT 2% IRR? FTiE KRR AR, Wi CPU BHE. A,
10 %%, XUHE KR,

220



2021 FREEREME H B

AZREAMRERERERR, BREARTEREN
O: SR REREED, 2BRFARBEEED, ZF LR
1IAEH Linux RERNZM AN E LEREERL. CRAL—
HgEEED, BFEEHCT L. BAHIPBEFRALRCAR,
WMAAEL A, BIERXZARSHEA, systemecall & 58 F 7R
%, 4R, BEEHAAGARAZEE LN, HhEEarx
Z FRE—EHE, WEE Windows, XA 52 Windows
APl, Linux L &2 —NTFRIAZ, R - EXK—PRUNERH
EAHAE libe, WHAE CAHREE, XERFEHET XN RLAAW
HEUR—LEDHLH, € libc HAEE Q%A EH R @ FARE
JF B T BE

NEERERGM R BRENBR, ELx/ABWET
ROM BBRERG ., B6T Mk, BEXRERERGTHEG
RHIPY BB R APP, AR N BIEME R G R — £ T EE R APP, &
WHE, F5, BF, #xFHeT—F, THEELEZHWF K
40 B Y Carlife 15 & CarPlay UL % A3 #9 Android Auto.

ERBHEFEETH LT ABX > ARG T &, RETMH
(B R E+0S WZ+) FEM) | et (EAMH+
A D e p A R AN A
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a) BUEWMARLE: @1 BSP (£ X #HF ) . Hypervisor
(BHEMULIRA, BREENFeXRFLZERRL) F. BSP
4 7 Bootloader (LLEH CFHF MK MIEE ARG T T
F) . HAL (B ZBE) K&, BB F. BEXHE, A
BEBEMHZEWEDER, HENZARFRAGREENELG T &,
FHEAEMHLAME, TUESL T & LB,

b) #ERZWE (Kernel) : B hJk XIEE RS, W QNX,
OSEK OS. VxWorks, RT-Linux %. AERERELZEREAN
e, ARERRAWHRE. NFE. REBFE)F. XHEMH
KRG, REERGERMARE K,

o FEM: ATHAMEERTZ BN, LHFHEH
BAR TR EHRMELREFIMFE A, REFERD. B,
AR E AN, 4 POSIX/ARA (B & 7 AutoSAR 12 1T B 3135
BU a4 API # 0) FuDDS (4-F7 X Ly 3812 | 4) %,

d) SREERE: BIAEAENERh e BR 4T H I
MEE A, waEF—LERmy e « WREFIWESE,
txEFWREIESE (W TensorFlow. Caffe. PaddlePaddle %) .

e) KBERS%: ZEZRERH,, TLXEFRHLFRA
%H ROM A #{E A%, T Dilink. #F ¥ GKUI. Ef% NIO
0S. /N Xmart OS %

222



2021 FREEREME H B

CAMEAEF Az £, TUBRENAEERENE S,
A A FIIFILH Drivier 0S BEAZE APP (X EAMN LB F
WA 25D , TEZEENALE OS, HHEHEFIFF
AABAT B ER P, BEEAGHE. §45. HXFHaE N —
1R R % R % F F 5k By APP, %3 X CarPlay. 43K Android Auto.
B JE Carlife. % % Hicar %,

HElREH AN ENREERREAFMFT QNX, B A
HREERE, AFuAEE, XHERAZNGHRE, EI
BREE. HRERFLAEEAZ, MFNAXKE LIRS,
ZHEEREEE, EFRIARZET BN —KXIEA, FI XL
AEE, BRFMEKMNE EMET Linux. £ REFRAL L,
FEH RAHETEASRG, AR/LF2HEFEFIRNTE
M—EHNER. FE XN S B EFINRLE. HALTH
FemAEENTEER, BENEATERNENRZTELET
o RE

AR TTREERR =N, NREWRAE =M. —fMEE
T UNIX #7 QNX WAZ; 7 —FZ Linux W, BAHSBRERS
HMEZET Linux, EFAUWTE, EANER,; w5 —MEA

A& Windows.

223



2021 FREEREME H B

Linux 4T E 2 0 = REZT LMWL, R,
— R AT —EMBIFKERRD Genivi; ®REEFAL
Linux #Y AGL.

Genivi £ 2021 4 10 F % 4% 4 COVESA Bl Connected Vehicle
Systems Alliance. HTNF ik R £ F G fEM, Zo2 R 2HE K,
ARELHT. LG, #i=. K. Mentor ;A F 7 Geotab, H =
ERALAFM, RE., ARAE. ARM., FHiE. FEFIL,
NXP. 5, #3/L-F24EHA GENIVI 8 Linux F&, FRH
Genesis #.2 4 b, HM K3 D WL E|H A Genivio

AGL B Automotive Grade Linux, Z#Z Linux. AT 2016
F1A, EEF M AGL X = #£ 2014 F896 A 30 H, EFT
ERE Tizen WA, Tizen JRE = E, Tizen R = EH T XK
M — AT Linux Z0m TFR KRB SR 1E R 5, =& HR4E

BREZHRTFN. FRER. FreFE. EFA. FHHBEEER
w& (VD FE e, ZWE &AM E Linux 42 LR LiMo
Eeobh#ELH, HWETHNK MeeGo 5 LiMo F&. % Linux
Ehod, HHAETNE (TS6) €E., B —_ERZ"E—# Y
W F Tizen &k #, 2 Tizen WA X HH . £ 2017 4
SR, Tien BHFFE - AERFLRBEEFERAS, NATHER
watchOS, H # T Android 8 Wear 0S £ % %,
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2011 %9 fl, = B R KRS Linux %4 2 5 f7 5 7 % 2012
FFF & Y Tizen, 2012 4 1 A 1 H, LiMo £4 2 F 4 ¥ Tizen
2. KMEE 2015 4, Tizen BLEAKAXFT, HE AGL JF
BlERk, TUEERZARE, KX EMH.

AGL TN e ALL#, HEK, BX, Wi, &
A, FEH. BT, AR RANUAZEHIN. Fh. B, &HE,
EFAR. AR, AEELSRALHM/ARIK. ARM, 11, BOSE,
FEM. AfE. ERTR. ELE, AH., AR, ZEBZ.
HERE., Hir. GreenHills, ®4F/K, JVC E/&. /K, LG, Hig
F|. Mentor. Microchip. =%, NEC. H#. HAKEAM. NXP,
Ffhik, ZE. K%, ER. RZ. Telechips. EMLE,

HEl kA AGL Wy ZE A £ B8 3 — B MIB3TOP. =+ HEl
. DA% 3 MHEEGEERAN. TF —ZHFEHE MPV,
K AHE 2019 4F 4 A 7m A\ AGL, K ARk %A = g8i% F AGL
IR %R

AGL M EEMHZ — 2 emsGi— R E (UCB) , X&E—|
FTHY Linux ZATH, ©ET AGLAr ZAFH AR EFIETE : Tizen
A1 GENIVI Alliance., UCB 2% — X Linux A% A%, ©MNJEETT
PR, —HERRWAFRARMS. TRTREERARZAL 70%
1 A
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E R AGL A FI #F4F IVI (In-Vehilcs Infotainment) L, AGL IF
%71 7T 90 DU A0 ADAS AT, A~ 3T 3% BT AN U A 52 B KR
&, ARK.

ERZT ZHMERFIARLEZEH, AdbgalEd T
Android Auto 2 Android Automotive 0S, % % Auto =& —/M#8 %
App, T~&—MEIEZR %, 12 Android Automotive OS %t & — -1
B % 4%, EH AAOS. Android E W I, Android Auto X442,
7= 48 Android TV. Web OS by Google 3%, ™ Android E
TFrREFTEL, RNEZAELLFREBLEHR A TN R X,
7E Google E 7 #9 [ Android developer guide| (ZEFX#5|H)
&,  Android Automotive OS #1 Chrome OS 4 & DL [ OS

(operation system, #®IEA %) | &4 H . AAOS #ASEZ A T fE
# Android A & 7 F AL 7 W HY — L [F . Automotive OS K T
EEFRZEZFBRANE IR EIEZH, [KHR] KA
Automotive OS E AWM RITES . ERIEFEHEERFEFT TN
FNIEEE, fb R R 5 R KO A LUK By AT T
0 3 R 15 DLAME

F 7 2016 4, Google B 77 4tit, ZEWH A HUMAT LA
2|7 6000 %M By RA, T OELRE A B E Ry, & E A
B A AL R R AT E
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BE, EFNAE, BELAHT, HUZERGmE, F
AWMAR2FE WY — R, WEZEH R Nm e RIAE R,
XHEFARNETERE. REFeRANGEAREFANTE,
REE%L, mBEXS, MALR, SHEIHR—F, EA—1
RN ERBEERABETEANRKGEFREELKR, REX
RAROMBHE -2 —BM, XTRARKGNFRLEE, UH
Rk & EA2 %A, TEHT Android T2 %5 LR E 2T IR
HTME B, W4T 2 Android W&V ZER £, Linux B %
THYPAGWNHETNR. —F —HZ, HA, AEEEEND,
ALlEFELEBERS, HEERAR, B 98%HI N FETT XR
B, BEEEWE. RAKEMNEESFZ2 NG, 1 92%% £ AL
AFELERBRAMNIR. AV —KFEHR, REZFELT, &4
T E 82 Android BY TR AL, 012 RV AN B = 7 B
N, XA T B &R

ZEERAENNA, EETRE BOEH A%, R &
SHREGT A BREERW B BRENALERE. #EA
Hi4k . ZAF M., EA, Android ERRABAES A, &R
WA T T EME w2, BeRE,

mAE 2017 £ 3 A, AW EXEHR AAOS, F— KA
AAOS HY & JK /R IKFE T HY BL 5 % Polestar,
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Bk 191 #IA#F AAOS WER K

5 ]
1 2022 GMC Hummer EV
2 2022 GMC Sierra
3 2022 GMC Yukon
4 2022 Chevrolet Tahoe
5 2022 Chevrolet Suburban
6 2022 Chevrolet Silverado
7 2023 Cadillac Lyriq
8 2022 Renault Mé gane E-Tech Electric
9 2021 Volvo XC40 P8
10 2021 Volvo XC40 Recharge
11 2022 Volvo C40 Recharge
12 2022 Volvo XC60
13 2022 Volvo S90
14 2022 Volvo V90
15 2022 Volvo V90 Cross Country
16 2021 Lucid Air

FREIR: £ BARF

- e AE A AAOS By FE AL, b R E & AUE # E A Y
A4 2023 FHy PSA 5 FCA, &% Dodge Durango #1 Chrysler
Pacifica, 2023 FRYBAFAIMF, 2022 FHYAH,
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H B AAOS =  7£ F: 445 /R A3900 % 7|70 & i SA8150/8155 +
LAT, A — I i gt A AR R A 1E, A3900 R FH AAOS HY XX
FEHEEL

HElREH I AN ENEERRZEARIMF T QNX, EH
LREEARZ, BmFhAEE, X4 EMANZHHRE, EH
BREE, BWERFELAEHTY, WFNLXRECMLES,
ZHEEREEE, EFRIAZEFBENAN - A, FI L
NEE, BRFMKMNE EMET Linux. £ ZEAHAL L,
FEH T RAHETELASRL, HRILFL2HEFEFIRNELE
M— LR NER., 2B RN ZEEFHREZFE AAOS. FH H
HHmELENAEEALEER, BERERATENEFNREZE
JUF AT e

%

\l

W% 192 2021-2026 £+ E#ER R

QNX

Linux &

AGL

GENIVI

AAOS

ZEER

2021

45%

16%

6%

8%

5%

20%

2026

10%

20%

10%

10%

25%

25%

FHR R & BARH
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e SoC PG

3B

4.1 NXP

E%& 193 2019 £ 1 FE-2021 £ 3 F E NXP AE NV H %k Hit

Bfr: BAE
_ Q1/19 | Q2/19 | Q3/19 | Q4/19 | Q1/20 | Q2/20 | Q3/20 | Q4/20 | Q1/21 | Q2/21 | Q3/21
G
O 1,036 | 1,031 | 1,048 | 1,097 | 994 674 964 | 1,193 | 1,229 | 1,262 | 1,455

FRRIR: NXP, f& B IR

NXP B3R TUTE P 46 5 5T AT, A4 A MATUE, 40 % 3ol
FILF 2, ZEREERLRFTH &R RHEL 50%, MOST fr
FLEXRAY & 4 PHY 237, FHEMAEZHMAZ T &H 4,
#3t 50%, 1E2 i SoC 4, NXP EEZBEH T .

Bk 194 i.mx6 Z# Soc &/

i.MX 6 At a Glance

Red Indicates change from column 1o the left - o
: Y i.MX6Dual i.MX6DualPius P * Quad Cortex-A9
ik i MX650l0 i.MX6DualLite 2 Dl CortaAd 0‘"“2'94- upto 1.2 GHz'
= 3 i SoloX 5 Cortex.
. " i.MX6SoloLite Corta. * Dual -A9 upto1.2 GHz* upto1.2 GHz 1 MB L2 cache,
i.MX6UltraLte 3 * Single Corex A9 O mir upto1.2 Gz +1 MB L2 cache, 1 MB L2 cache, NEON, VFPvd6
; + Single Cortex-A9 U 1o 1.0 Gl o 1 MBL2 cache, NEON, VFPvdts VFPYdi6
. ARM, up 10 1.0 GHz * 512KB L2 cache, VFPvdi6 %,. « Enhanced 3D
+ Singlo ARM* Cortex-A9 « 512KB L2 cache, VFPVd16 TnnZone T e
Contex®AT upto up 101.0 GHe * Single Cortex*- W4 VFRVGIE TrusZone Triatzoos  Enhancod 30 * 3D gmphics bt
528 MHz « 256 KB L2 cache, up to 200 MHz T .30 * 3D graphics graphics with four with four shaders
+128KB L2 cache, NEOK ViRats'  * RBZcache o 30 gaphics wht one shader it shaders o Two2Dgraphics | * Enhanced Two2D
NEON™, VFP, T - VFP, with one shader Rt * Two 2D graphics « Enhanced Two 2D engines i M";::N
+ 2D graphics * 2D graphics engnes graphics engines 64-bit DOR3 * Prefetcl e
+ X{6LPODR, Mptprieng * 0and 2D graphics | o, BEOCY *GLbADORS . o GLbitDORY + Profetch & Resove | * and 2-channel ngine
DDRI/LV-DOR3 and | PDDR2 « 32.bit DDR3 - ety and 2-channel 22-bit |  Engine 32-bit LPDDR2 sfnﬂmm
at LPODR? s 21533 MHz
* 240/100 Mbls + at 400 MHz at 400 MHz s o oo * Gigab Ethomt
EEE 1568 o gkl at 400 MHz % P . y c * Gigabit thonet « Optimized 64-bit
* 2 12-bit ADC EPD controller * Dual Ethomet * GRE e * Optimized 64-bit B
(i with resistance 4 401400 Ethemnet MACw/hardware | o o m———_ and 2-channel | + Integrated SATAI e oR2at
touch contro) etk AVB support L e * Integrated 3268 LPOORZat |, o1 4 contrller
+ 10/100 Ethemet + PCler controlier HOMI 4 conioter* HOMIVLA controler  SATAI 533 MHz o4 + Integrated SATAI
MAC plus PHY b v I T + HOMivi A controller |« Intograted SATAWI | | |une 0 + HOMiv1 4 controller
+ LVDS controler o + VDS controller plus plus PHY + HOMM1 4 controller | plus PHY pls PHY
plus PHY o controllerplus  PHY * LVDS controllerplus | plus PHY « PCle control « LVDS controller plus
o Analog caikera + PClocontrollorplus ~ PHY + LVDS controllerplus | plus PHY Y
interface e omcea P | P * PCle controller plus | PHY + MLBandFlexCAN | * PCle controllerplus
+ 8.channel, 12-bit « MBandFlexCAN ~ PHY + PClo controller plus Py
ADC * MLB and FlexCAN controllers * MLB and FlexCAN PHY * MLB and FlexCAN
« MLB and FlexCAN LI controllers + MLB and FlexCAN Crt
controllers controllers
56 BEC BEC BGC BEC | #0C B6e
L= R 32K 2 X 2= O6 | B#C6 ¢6 ¢6
—_— N —

iMX6QuadPius |

KA EIE: NXP
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NXP % imx6 &4 )L F ZMEM, BACDZNLT 10 £, [
% i.mx6 1745 & F 3% Infotainment I F £, TEEZF HAEFK
2. FH, H”. PSA, B4 K.

B2 NXP 7£ 2016 SFLLEEHH R %G T, NXP HAl s £ #H M E

Z 8L A& ARM f£ 2015 4 2 F & A Cortex-A72 4. T

EEAMEFLCRER A8 BT . A78 L FE G EAM
SR, RBTE A, 799K 5 4K E A, NXP ILE & E#H AL
& 16 YKo NXP — m B ARER, * T o6 ot f| B4 T 2
NXP % ja — R Ef AL 2 imx8 F7£ 2013 £ 9 AR A XA,
AT EZ| 8 F% EHIA, T -NAMEM imx LEHZLRN
FEA . RETENPELEEFXFFRET

H el A SoC Wi i ZRWE, F—NuvEaFAHRAE,
HEE T, LEFHRRARERE, wRIRH -
NN F, WLELHHER, ELTHEAR. MedE, =&
K 5 F AL R A B W 50 & A0 52 K B9 I 77 324 9 3 B R Rk R,
LRete &R, HEESF . NXP LA, NXPimx8 H&
TRE-—ANMREFPHDPENAFENEF,, B ELTERH, |
TR ME, K3 T 37 = MR AR N

i.MX8 R F| A E Lk L+, (B4 EAM R AR, B
i.MX8QM 71 i.MX8QP.
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B % 195 i.MX8 E#t SoC &/

Feature i.MX 8QuadMax i.MX 8QuadPlus

®
Core G oo AT2 1 x Cortex-A72
Arm Core | 4 x Cortex-A53 4 x Cortex-A53
Arm Core | 2 x Cortex-M4F 2 x Cortex-M4F
DSP Core | HiFi 4 DSP HiFi 4 DSP

GPU 2 x GC7000XSVX | 2 x GC7000XSVX

PCle 3.0 1 x PCle (2-lane)* | 1 x PCle (1-lane)

*2-lane PCle can act as 2 x 1-lane PCle

KA RIE: NXP

E& 196 i.MX8 & 12 & &

Core Complex 1 Core Complex 2

1 x Cortex-M4F 1 x Cortex-M4F
4 x Arm® Cortex®-A53 core 2 x Cortex-A72 core 16 KBL1land D 16 KB L1land D
32 KB L1-I I 32 KB L1-D 48 KB L1-I 32 KB L1-D 256 KB SRAM 256 KB SRAM

1 x I’C, 1 x UART, 1x I’C, 1 x UART,
1x GPIO 1x GPIO

Core Complex 3 Core Complex 4

1 MB L2 with ECC 1 MB L2 with ECC

Multimedia Memory Connectivity

GPU
U ROORROME  rok 30w e e
UGS | XS poie d0winLt s

E)

2

<l
by

(or PCle with L1 substate 1-lane)

oore | NAND(sLOMLC)-BCHEZ —

USB2 OTG and PHY

. USB2 Host/HSIC
Security

Audio
1 x HiFi4 DSP Ll 64 KB TCM
a2 | omssoiws XSPDI TRy, xASRC

8 x I*C Low-Speed (no DMA)
System Control Attached to Camera, Display /O
Available if Cam/Disp not used

4 x SPI
8 x PWM

Display and Camera /O

2 x 12-bit ADC (16-Channel)

5 x UART

KA IE: NXP
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Bk 197 453k ORIN
ORIN CENTRAL COMPUTER

1 Chip - 4 Domains

PASSENGER
CLUSTER INFOTAINMENT INTERACTION & MONITORING AV WITH CONFIDENCE VIEW

7y

Entertainment Graphics & Multimedia FUSA CV, AR, & Conversational Al

Centralized & Software Defined

Tightly Integrated with AV
ORIN VEHICLE COMPUTER Applications
Containerized & Easy to Upgrade

Read NVIDIA DRIVE Orin Blog SOTA Security and Functional Safety

7/

EAEIAIR T 4% 8 5 & B By DRIVE AV 2 & i A% 1L A 4t %
JEAGEY DRIVE IX 2 &4k, VARl fFis REZRaMk 2% A,
F H DRIVE IX & N4 * B 51 Z 38y Orin & 5T 46, &4 25

B Parker 1 Xavier. Orin W R B Eap L HiEH T
K, BB REHLELR, ERFABNERESTE TEGHE

B

233



2021 FREEREME H B

Bk 198 # ik Drive IX 224k

DRIVE AV DRIVE IX
i nterior Sensin,

QNX - Cluster

IVl - Linux

VEHICLE DRIVEWORKS OTAAND

ABSTRACTION Sensor Image/Point . DNN o : DATA COLLECTION
o e T I T e
DRIVE 0S S, LT

T T T T T e

.. "%/ L

ﬁ DRIVE AGX ORIN ﬁ

HERRELEEE, QEEGYRA . BEAK. TH
RE. PATEREE . 2. HERFE. BFEE, 2HRKRER
B2 4%, W4T QNX 383, CUDA A5 R4 %%,

RETNZ AN ERE S, Orin AT &4 4 THE M
B DRIVE IX, &% 7 23 GRS EM . AR HUD. 78 F AL AL
NLP BAEFRA. BN, EFEERENESF. T EHEMS
REOA L 3/14, FT—RITFAFEhE@FT L2,
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&k 199 EHA IXWERAH BN, WHFEFRR

% 200 ik Confidence View &/ &

FHEIR: FARIL
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E% 201 HAHRRREE

E
AN
g
2 e/ NN e

Face Identification

R R FEAFA
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2020 £ 11 F, #EFEZXESHRE AL KAEDRI, £ EMHAA
BATAE. HAIWE - MEREZEIRE % G N E — e
% GV60, LFRW & 8 2019 F5 A E1E7 .

B% 203 FARKRZF GV60 At A 1

AR ARAE

FE AR 7 E, GV60 By JE AR 4 I A A Z A Connected Car
Integrated Cockpit Bl CCIC, & #EFE MK, . HUD. = T4
FH. COC MZEAT QNX BVEWAN, —FFEfFws +1&5. K
KA ETEFR. NERMFENRTHE 123 £+, 5%
I AL IX B R TR A T
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4.3 SiE

% iE 820A IEX XA 2016 8y CES A& L, LA ER
#., 820A £ =A==, A& 820A SCL. 820A High F1 820A
Prem, 820ASCL E & MEmA T, A, BE. MNEE—Z7|]
REAKXM . B2 4 By m R RERT LFR, & 8 ZWE
“RPF&HBZF 4 A £ SA6155P . SA8155P 1 SA8195P
SA6155P M RE R W, 1R AMEF, SA8155P *f fL iy FAHL-F & &
= 18 5t ¥ 855, MEETRZ, HToXiE F L SA8155P WK £,

K& 204 SA8155P &4

Technology IP leadership ® ® OO O® OO OO 0 00

Leading 7nm FINFET low power

Software integration

System-level performance optimization
Platform integration

Multimedia shared device driver

el Android Midd,
HW thermal management

Highest performance GPU
forinfotainment, instrument cluster

High performance, power efficient:

(Erd =il Customized ARMv8 CPUs

8x Kryo, & MB L3
Heterogeneous compute architecture
High-performance DSP

Multi-camera input

NPU: Al/ML compute engine
Neural Network Processing

octure,  NPU
DCN ML Compute

ISP/DSP/HVX LPDDR&X

Surround-view camera HVX Vector and Scalar processin: Lx16 bit

Multiple 4K displays, up to
Object recognition, Image recognition 8 simultaneous displays
Securi

TrustZone, DRM,

HW multi-display compositor Deep learning based

. > 24 MP processing Latest SCSA security architecture
Optional Modem:

Leading 2 Gbps LTE with 10xCA

P o Multimedia Processing
USB2, USB3.1 2x high perfromance
 Modem LTE(OxCA)  PCle ETH udeost

udio Codecs
o 2Gbps throughput {udia Codacs
HEVC/H.265
L ! 4K Encode and Decode ”

]
)
)
)
]
)
)
]
]
9 Next generation audio and video codecs
y in hardware including HEVC, VP9
DVR capability with H.265 encode
Optional GNSS: )
Multi-constellation support Superior multimedia technologies and features
Optional Connectivity:
Wi-Fi + Bluetooth

SA8155P = % — 3 7 Y KA EEM SoC X A, XA 8 &k

1, 3 T A Kryo 435, 4 LT ARM Crotex-A76, 54T E

2.1GHz, —“ Kryo 435 A, =47 % 2.4GHz, 4 /) Kryo Silver
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/NZ, #8 % T ARM Cortex-A55, ZATH# 1.8GHz, —> Adreno
640 GPU.

SA8195P R E FHHE R A5, MAEIRE PC £7|F &,
w1 2017 FIT e #H FE PC AR, £ E 2 EMIN Surface #1-F
WEEICAREM -4 —AdE, F§—1"mEkAE 835, 25
B 850, Z G4 AR 7C, 2019 £ U AH B 8C, Fk 8C

(SC8180) A FF MR 5% . 8cx f1 8cx5G, SA8195P Bt =2 % T 5%
J 8C W1 F* & o

E R FRECRK -G —BEMHALZRL, EEXELZHZ
RIMEy, At Z LA 7C/8C 4 H % Modem, Z #LAZ SA8195P
H A% Modem IR A,

K& 205 & % WA EM SoC

Announcement

Introducing

Qualcown

snapdragon ¢ Qe
i i it automotive cockpit

_ " automotive ¢ tive
Outomotl\/e cockplt slotform, gens | otform, : platform, gen 4

platform, gen 4
Performance Paramount

4K center information

5nm process technology
4K cluster display

Car-to-cloud support FHD AR-HUD

Expected Q2 2021 fiittzona ancoit 4 MP DMS/OMS/CPD
ECNC &ICC Multi-zone audio with

-zone
360 stitched AVM S00nton _ ECNC and ICC with sound
4MP DMS/OMS VRU +si

360 informational
safety + personalization

safety +, ation + Bubbles
on

4k RSE (x2)
8 MP DMS/OMS/CPD
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Bl fE 2021 £ 1 AN F WA EA SoC, H R LLHE R
2 & SA8295, ] EEAZ Premier, XA 5 4K it. SA8295 JE
El #4735 #Y Snapdragon 888 X | 8 #Z1Xit, — /) Cortex-X1 #Y
A, BATH R 2.84GHz, FHRA ZIK— &, fit 2.5GHz,
34N A78 AHZ, IEATHIR 2.4GHz EHLRIE— &, it 2.1GHz,
4 A~ AS5 BIRLEM, BATIE 1.8GHz, FitEHIRtER/E
100MHz,

K& 206 &% WK EM SoC A HIELE K

Gen 4 Cockpit Platform: a fabric for e —
multi-domain zonal compute integration

90000000 OCOCOIOIOOOOOOOGIRORRONONONS System safety Manager
Machine lgarmng 0000 ONONONONORNIONRNONIRNITOIRNRNONNDS for Domain Consolidation

Al and Vision processing < -

Qualmmm“ Display Safety Functional Safety Compliant RTOS

Al & Hexagon DSP Toolkit and SDK Hexagon' processing Manager

with Compiler, Quantizer, Simulator Neural unit

and profiling & optimization tools Processor Video Processing Unit - >

Streaming Media Accelerator

Automotive cybersecurity Qualcomm® Video Processor Video Encode and Decode framework

(VPU) available from Android Codec 2.0
Linux GStreamer & RTOS

Secure Boot, Storage, Crypto, Secure Processor
Qualcomm Trusted Exe

ion
Environment (QTEE) and Secure
Hardware Extensions (SHE) 360 camera perception and

fusion, In-Car Cabin Monitoring

Embedded Qualcomm

Vision Processing 4 L
accelerator for Camera Vision Accelerator Spectra™ ISP

Perception

JeL
Optimized libraries for computer . : n@n
vision processing functions E;gché's‘:#é;h n‘gir';';am o
Qualcomm® Qualcomm® E =5 e e 1 2.5
i i i i Adreno™ GPU Kryo™ CPU upport for Automotive High=kevel and
g',f' é’,!i%sgfgrgl hp%uglé,%s&:' & ReaETlme Operating System & Middleware,

Auto-Imaging Framework with
C sup[}on for Early Services, Plug-in
(Camera processor) multi-megapixel cameras & sensors

Hypervisor and Virtualization for multi
OpenGLES, Vulkan libraries for 3D, domain-and-mixed criticality workloads.
AR, HUD, Cluster & Cockpit HMIs & 0000000000000 RROOS
Passenger entertainment 0000000000000 000000000 Snapdsagon-Profilergiool to-analyze
Virtualization Support for isolation,or processing blockstilization, laténey,
multi-domain applications memory bandwitth, power and thermal
managerert :

FHEIR: &
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WAL H —BEERL R, wElE 625 WHFE A=
. BmEAFENEM SOCHM AR, —KECREH, CSREZ
= i 7E 2015 F 24 10 %= TRE Y, HZEHL SoC & £Frk B CSR
£ 2009 4 136 1= TG SIRF &K, R =4 EETH,
PAEFEMER I NANES, F—RNZFHANEEAN
Bt ¥ 625, EA& 2016 F 2 A XM HIE fr, (B R %02 E Rl
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4.4 IREE
WiER HAH, —Z 8/ NEC ZKuFSER WV 4465
T A B Aok
Ek 207 2019 £ 1 FE-2021 £ 3 FERFEREVLFERN

B Automotive  ® Industrial/Infrastructure/loT * Others
(B yen) 258.4

Revenue
250
217.9 YoY: +44.6%
1926 1916 2037 49 QoQ: +18.6%
200 48 12344 o 178.7 ' 38
. - : 2 Automotive
150 94.5 103.2 106.1 YoY: .4'52.5“/:])
: 931 93.5 79.6 QoQ: +14.3%
100 Industrial,
Infrastructure, loT
106.9 YoY: +37.2%
%0 93.5 85.9 826 gl ol QoQ: +24.1%
0
2Q 3Q 1Q 3Q 1Q 2Q
2019 2020 2021

FARIE: FopE

WA HARRAWNS AR, H£AF MCU T3 08 R I
B, ANE 13, EAAUREY MCU % & B R £ .

JEH SoC 71, E =4 R-CAR3 X, X Z 2015 4 12 A %
i, K#72018 FH & T Fo,
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E%& 208 %P R-CAR # =R = &%k
I@ CPU performance: 1 8X Memory bandwidth: 1 3X él

[ | Rrcarp3 R-Car E3 R-Car M3N R-Car M3 R-Car H3N R-Car H3

CPUs 1x CA53 2x CA53, 2x CA57, 2% CAST, 4x CAST, 4% CAST,
1x R7 1x R7 4x CA53, 1x R7 4x CA53, 1x R7 4x CA53, 1x R7

Main GPU (MHz) 1000 1200 1800 1800 1500 1700
Total DMIPS 2.3k 7.5k 19k 31k 41k 45k
DDR Mem (GB/s) 3.75 7.5 12.8 256 256 512
Video Enc/Decoder* ) H.265 or H.264 H.265 or H.264 H.265 or H.264 H.265 or H.264 H.265 or H.264
. 1080p60 1080p120 1080p120 1080p120 1080p120
Video Enc/Decoder* H.265 1080p60 + H.265 1080p120 + H.265 1080p120 + H.265 1080p120 + H.265 1080p120 +
ey H.264 1080p60 H.264 1080p120 H.264 1080p120 H.264 1080p120 H.264 1080p120
Video Decoder
G - H.264 1080p30 H.264 1080p60 H.264 1080p60 H.264 1080p60 H.264 1080p60
2D drawing Yes + plane Yes + plane Yes + plane Yes + plane plane composition plane composition

composition composition composition composition

FRRIR: HiE

K% 209 FpEEEM SoC i ik

)

T —
High End

Entertainment

cockpit
)
Mid range
- . Virtual cluster
R-car M cockpit
—
IVl and
an
- — . Integrated cockpit
() [ )(mand )
- Autonomous drive
R-car E @ @ Cluster entry
| 7 o > | v | >
s \ 'S N N N 3 f 3
R-Car D [ ] Cluster entry ADAS and vision
\ J \ J J J O J \, J
( ) f N 7 NN ~\ —
R-Car V Vision . Domain Servers
processing
. J . VAN J . J/

TR KR FpE

Bk 210 #p* R-CAR % = R¥HE IR &

Connected
Gateway

Low latency Hypervisor,
QoS, mixed criticality OS
and apps

Dedicated HW IP for safety
clusters, scalable, $
competitive

Software Reusability

i
@ Cockpit / IVI
ap

Cluster

FRRIR: FpE
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BEAE 2021 F R A E R EIR, #AH CPU I E R
B 2| 2GHz, B AFFTiEF. £ R R-CAR T gt E 2| 2023 £ 74
i

K& 211 BE M3 —HL# 3 R

Cluster on
Linux Safe telltales

Regular HUD graphics
Android rendering on
updates 2D GPU
Sandard »'i No externa
Hypervisor = = vehicle MCU

R-Car M3

FHER: FHi*

WELTEEZFPEFE. AR, KA H>,
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b ol

4.5 FESR

FERFRERR 5 ARG R, HP 4R 2016 F8 AEH
i, B A3930/A3940/A3950/A3960, 2018 “F J& T+ — 7 A3920,

M REES & T AP TR Model 3 JF #Y A3950, {E7%F i it AEC-Q100
ZHAAE, RN BTET A3950, EWHJLRKIE—&H4E
EIXEA.

WHERE, FEAF/REY A3900 RF|IMAmEAM =K kGFRE, *
EEE A4S H, H#EHE 2016 . ERBFEREZREAIN, &
FRE®R, AT FEEL, L2 EAEM A3960.
B — A E A EAL, 48 GMC B SIERRA #1 DENALI, TF %%k
WEFIEY ., FHEATWEmLEE, ©F 2022 5 2023 £ L
Ry Bl 5 AR LT % Celestiqo E A LA IR L & 35~ &*
Fok e =, ALH E3H Genesis, HT 20 T 542 4 &1
F 3R RIS e WML AR RIR Y £ 71 AL XC40/60 LA
BB ENH S ER,

E NN EET OEN =K ENFRURKBITHE F7, &
H A B B B 1R
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Intel Atom® A3900 Processor Series (D-0 stepping) SKU List

2021 FREEREME H B

Bk 212 &R A3900 A7 &~ &

Intel Intel Intel Intel Intel
Atom® x7 Atom® x5 Atom® x5 Atom® x7 Atom® x7
A3920 A3930 A3940 A3950 A3960
SSPEC REJZ R33R R33L R33N R33U
MM 953085 953087 953082 953084 953096
Stepping D-0 D-0 D-0 D-0 D-0
No. of Cores 4 2 4 4 4
Processor Frequency 800 MHz / 800 MHz / 800 MHz / 800 MHz / 800 MHz /
LFM/HFM/ Burst 1.6 GHz / 1.3 GHz/ 1.6 GHz / 1.6 GHz / 1.9GHz /
2.08 GHz 1.8 GHz 1.8 GHz 2.0 GHz 2.4 GHz
Graphics Frequency 100 MHz / 100 MHz / 100 MHz / 100 MHz / 100 MHz /
LFM/HFM/ Burst 500 MHz / 400 MHz / 400 MHz / 500 MHz / 600 MHz /
650 MHz 550 MHz 600 MHz 650 MHz 750 MHz
ISP Frequency 200 MHz / 200 MHz / 200 MHz / 200 MHz / 200 MHz /
Low/High/Burst 550 MHz / 550 MHz / 550 MHz / 550 MHz / 550 MHz /
700 MHz 675 MHz 675 MHz 700 MHz 700 MHz
GFX Industrial Reliability 400 NA NA NA NA
Frequency MHz
GFX EU 18 12 12 18 18
TDP (W) at TjMax 12 6 8 9.5 12.5
S0i3 Power (mW) at 30°C 18 15 15 18 18
S3 Power (mW) at 30°C 16 13 13 16 12
S5 Power (mWw) at 30°C 16 13 13 16 12
DDR3L ECC Option No No No No No
AEC-Q100 Qualification No Yes Yes Yes Yes
LPDDR4 Frequency up to 2400 upto 2133 up to 2133 up to 2400 up to 2400
MT/s MT/s MT/s MT/s MT/s

B /R T 2018 ER AT A3920 B, —HBE IRk

FrA A R E A #3 T &E
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4.6 Telechips
Telechips & i F 1999 £, 2004 £ & [E F, ER A AL
356 4 T, HTR AR & 66.8%.

E%& 213 2013-2021 4 Telechips A\ 5 % F ¥

BAL: BT 2013 2014 2015 2016 2017 2018 2019 2020 2021F
L )8 740 753 821 1010 1227 1261 1322 1007 1235
% F -173 14 20 105 15 92 83 -94 40

KR RIE: Telechips; & BRAFEHE

Telechips A 27 90%89 7= & Al T % L, H# 65%= SoC, 35%
EEML . TEEFPZANRAF, TH 65%HKRA, HMEK
FREFEFH., HF, K%L,

Telechips AR % # F & 3w 1 77, T HEAL Dolphin3H &4 8 4>
A72, 8 N AS3 A%, 71 SA8155 YU # *fF. Dolphin3H # 16
VAT L A SoC F WA & £ #
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&% 214 Telechips Dolphin3 py#1E £ &

Cortex® - A72 Quad

IMG PowerVR Neon™ FPU
9XTP
LPDDR&/4x
48KB/32KB L1 4MB L2
2D Engine
32KB [ 32KB L1 Neon™/FPU L12KB L2
4KE0 Dec ! fF UFS2.1 2Lane
HEVC, VP9
FHD Dec H.264
. SD3.0
Multi-Codec
Cortex® - RS [eMMCS5.1
4K30 Enc HEVC QuadfOcta
FHD Enc H.264.. 16KB/16KB L1 E12KB +64KB SRAM SNOR
Boot ROM SRAM Backup RAM oTP HSM

Camera Input

2 x MIPI-CSI2

1 x QHD 60
1x 1536p 60
2x T20p 60

Video Output

4x Display Cont.
DP 1.4
1 x Dual oLDI
1 x Single oLDI

USB 2.0 Host HDIJS&:BD&L
Eth‘e:irsr'\zl:il'::mc PCle Gen3
UART I2c
TS SpI
R SPDIF Rx/Tx
ASRC Timer /RTC

Peripherals & Others

USB 3.0 DRD

CAN /CAN FD

sDio

GPIO

ADC/PWM

DMA

A K IJE: Telechips
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4.7 Bx&H

B Ml K N ZHZ X FNEFAE, EFRE
A =L T, LL2021 F 2 FEAF, FA SRALE A
57%, EEXEEFFH. loT. ASIC (FEZ W% 5 R 5 H40
B fiitH (FERZAIERER) GBI A 22%, &
FE G 14%, HELRFE 7%, BRAR L ELHE WA ICKIT
El, Tt 2021 FURN K27 150 1% T .

BEAREHAAE S BRTE WL, FTRAFE 2016 FHHEH L
FRE R, —ERMAIBELI, 2020 F 9 A NFEXES
b, TEFR—AREENEGENT R, FIH—AZEHIE
ARy MT2712, &8 4% BRI B Z KK AW MT2706, 4F%¢
TCU Wy MT2731,

BBl MT2712 #t B b, KA MT2712 B R E B8 A A,
AR, B, 6FTerl F=E%Z. IGHE T, Fi#E., AW
MIB 3 Regio M ZEAHLEL 2 % F MT2712, 2020 £ X EE R H =
X, 2021 FTHFHREENWEHK, 1ETerl EFHE, 5
G WAEFTEZNENIRERLFHER, 5=ZELENE
FZERZRMWNEHEERS, AR2HA—FHEE, TG
& LG R

MT2712 AR 7= & 7 MT2713, KA 7 49Kk TE.
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BB % £t 5 & Al & 1E N £ & 7 & 2 MT8666.

& 215 MT8666 A EELE SR EMAI &
ESE

?
e w e i

CDMA2K CA'I? LTE
Upto2CC

Q iad Band GSM/EDGE/GPRS

Peripherals

=

MT6370/MT6371

Switching Charger

3D HOTV

DualFlash
Backlight
LCDBlas

PD+Type €

RGB Isink

Vibrator

FARIE: BRAM

MT8666 FL & &£ & e 15 F. FM. WLAN F1 gps #k, £—/
mEERNERTFE, AEAGTBEENLALET RS, Z
LHE KT &% 2.2GHz 8 arm Cortex-A73, # % 2.2GHz #Y ARM
Cortex-A53 #1 MALI G72 #J GPU., LPDDR 3 ] ik 4GB(32 1L # I& &
& T E ¥ iE ), LPDDRAX & ik 8GB(16 i i 1E & & % F o W i

N 5 Bt 4% £ Ipdr3-1866 =, Iddr4-3600, LTE Cat 7 (300Mbps).
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Premium

Mainstream

Entry 8
c
n
§
£
o
o
)
o
v

T

H%x 216 B X A EM Soc = &R

MT8195
| - 6nm
1= Cortex-A78

\\ /,f - Mali-G57
N, MT8192
e - 7nm
j - Cortex-A76
- Mali-G57
MT8183
- 12nm
- Cortex-A73
- Mall-G52

b _am D> w25 W5

TR BRAM

£ %t SA8155P, Br & B X N HY F d N 12 & MT8192, 4%t
SA8195P, Fx & FLxf M B4 FF & B iZ A& MT8195, & 4R X M4 =2
T2 AR MAIE N, EEXNFIRBEMT .
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4.8 ML

HFLEZEAE——KEAL A K AABER EE L
W, USRBELEENRERAERA, EFREFTAE, HTET
ERREERELE A KR, RFAUEEFEHE IP. TTK
THAH#EENNLSERERS, WEASEKEEREE TN NA
% H

LT 2019 FAAFETREAR Al S H—ER 2
G, X T 2020 41 2021 4B & A7 #F R AERE 3 AERR S
TAELXANE = REARF REELS, FEFHERAL,
B A J7 128TOPS, X ¥ 16 BB G LR AIHE, #E# X
FRELZEGRIFTENSERERS. TR EFEF K,

B&k 217 B TEREE 3 AHELE

3]

MIPI Sensor -

Image Video Dual-Core Quad-Core Peripheral
Video In Processing Codecs BPU Cortex A53 Interface

MIPI CSI RX “ H.265 Core0 Corel Qspl > SPI
| g et et o
| MIPI CSI RX UART x4
MIPI Sensor r (2-lanes) =4 GDC/LDC m
| PRE-

==

S¥ X91103

Core2 Core3 SPIx3
| MIPI CSI RX 32KBL1IS J32KBL1IS
MIPI Sensor (2-lanes) Processing 32KBL1DS l 32KEL1DS Audi
| sk < fudo
orso || (D e
) | 12Cx6
UsB USB 3.0 [ o PWM
Device/Host -'—~~—l—~ Network on Chip a2
J PADC/GPIO
s

DDR On-chip Modules
Subsystem w SDHC3.0/ SD Card/

Performance SpIO30/ ', <pip Device/
wadog | rav | aic | owac IRy
DDR - m w Temperature

Controller SYSCTRL ;:'lor Ell;ﬂzei s

ey DDR PHY Ti RTC Controller |~ PHY
Video Encoder BTI120 Pins. BT656 imerx8 & J
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