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ot 4 O|Me 1 AEFdl Vss floiMe Al FH dES O Zeo Ql4lokl, MHXl
P12 0fsfots 50| BAMOICL XSF Ao AN SHE B2D FYHOR 21461
FloliMe, 24X st 50| M2 CHE (0|, 2t0|T, 7td2h =31t 52| Ciefet MME &gfoh=
7|1=0] EQolLt. 0|5 Solf &= E&AM0|1 S=¢ L& o0, O= Fefet Q1A HHO|
7S olEICE
Mgl X 21X MM QIZht SSotAL 11 0142 ds= 71M0F ottt 2, =H &85
QlAlot= MMl DOQIA0[LE ROIA0] =2 AtEFd AfL1e| |QI0| =1 Q7| M=ZO0[Ct et
2o et HES BA0oH| o= 2E AMAA Q| OcHEAXSZ0] 2o, £ ZuUE
IEY & U= =M HE &2 SEE Al 7t YHS 0fHofjof ottt 01 flofl Az
A MM g58 ASo| et KPIGY ds XIH), Al 28, AR 2 SOl tHet =28 BEE3t
AEE U
2 A= (B 1) 20| SIX £ SO FHEBEE gl £ 0| AFS 246110AL i,
| E1 | X2 X1 QUX| AN IH|ITES} 248
BEEHS 2EY BZES| T &=t 7|7
- NP &0l
ISO/AWI 13328 | Test method for automotive lidar WD oz
o L 0]
ISO/AWI 13377 Cooperafuve m_tgrference mitigation of NP S ISO TC22/
automotive millimeter-wave radar WD &S SC32/WG16
Test method for detection performance of NP &¢I
(S eeee exterior sensing millimeter—wave radar WD S
IEEE P2936 Standard for Test Methods of Automotive Lidar Rists EEE VT/AVSC
Performance
. : 552!
IEEE P2020 Standard for Automotive System Image Quality (2024.06) IEEE AIQWG
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Standard for Automotive Radar Performance
Metrics and Testing Methods for Advanced XI5
|sH=
185 IS Driver Assistance Systems (ADAS) and see IEEE VT/AVSC

Automated Driving System (ADS) Applications

ISO/AWI 23150 Road vehicles - Data. communlcatlon between N IS0 TC22/

. sensors and data fusion unit for automated N MAS
series o . L SC31/WG9

driving functions — Logical interface

AESd AN F=H 2ES 4G | fIeh A0 2ot BEsk= 2t0[C, |0[H, 712t
AN ds Alg Y0 Lot B JHEL 0= HAet A HIO|EES 018a] Az 89 HHS
oiMoh= SRRl 2tef =2| Q1M 0]A HEFE0] ISO TC22 SC31 WGIKtEeFY 7152 #let

MA QIE{TH0|A), SC32 WG16(XIHE QIX| MA{), 12|10 IEEE VT(Vehicle Technology)
SocietyOi|Af 212l SO0|Ct.

&) 150 2HI==y} vig
o 7}) 2lO|Ct Ms A& gt T=3|
ISO TC22 SC32 WG160M= AIHE 210|Ct A[S] BIH| 2ot HZ7H2H0] RiE 1 QICt, A

= o
At BE Y=(SO/AWI 13228)2% S01=T, 2 oMz BEQICE H(HE LI Cho

P ISO/AWI 13228 Road vehicles — Test method for automotive lidar
p I2HE 2|H{(Z7}): Hesaitech(E=), Valeo(5Y)

ISO/AWI 13228 BZE2 At FHS SFoAL Aot/ 2ol =2 X0 2X|E 2H0ILE
Fleh A0|H, SEAL HA, SEAL EdEd S A R0 2AR0| = 7S =28 A=
ANEE= =f0|Lo| MEECLE 0f HEE2 =f0|te| ds& E/fot=0 =50| &= 9| Al

YES 2FolH, Algll= TS AF0] ZefEr
- AKX A2 (D) g5 A HEUEt ZE 38 g0l Bot MY
- M HR|QF TAE HOIE 52 Heloks 480 3es F= 54
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O BEZE2 =Y, 7|5 T AfO|H 2210 Chet Al &2 H=A| =D,

AHE 2f0|Ch= F= A2 HHE L X LR HXIE gt In-Cabin 8=2 MEE + ALY
1). 224t O] EEUME A /59 HES RISt A2, A WS HX[oP| floil HEHAI=
el

(a) RFZH2I5* EHXH 20Tt Of|A| (b) X1 In-Cabin &%} GiA|
| 23 1| XIZE 2to|Ct ME JtsE AU (S X: ISO/AWI 13228)

| Z2]| 2H0|Ct 95 Al =t R 2f0|Ct ME 7Ksd

210|C}H M A &1

[= =]

Probability of Detection

Range capability

Range precision

Range accuracy/trueness

Angular resolution

Angular precision

Angular accuracy/trueness

Field of view range-FOV

Frame frequency

Scan point frequency

Point cloud density

Instant radial velocity

Radial separability

Angular separability

Anti-interference

Interstitial point

Ghost points
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Blooming
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O] E=0M= 20| g5 58 2 dst F= 01 = %\
o BEZ0| g 45 AlE =2 2= K9 20|t :
TOR(Time of Flight) 2 FMCW(Frequency-Modulated Continuous Wave) 32| 2t0|Cto]|
CHSH ISO/AWI 1322801A THE5HIAL Sh= AR &=9 ME 7HsMS MAISHT. Solid state

2tO[Cet 22 THE 7ol 2f0|H0f Hotid= == HEZ 0IF0IH.
ISO/AWI 13228 BZ2 202740 BE MYS SHE ofH, 18 29 22 HEst 2CWS
m=21 ULt O] HES A M 3|Ql= 20243 70| MY ACH, Chs 3|9= 100

S=(CATARC, SRS [&C-4IE)0IA 7HZE 05O Ct.
I S ™S R

Mg S Od Nev Des  Jam  Feb  Mar A May  hm A S O MNov  De i Feh  Mar A May  dn i Amg S O Nov Dec  Jn  Feb  Mar  Ar  May  kn

Oct-Nov, 2024 Mar, 2025 Mar, 2026 Mar, 2026
Completed the Submit CD Voting Submit DIS Voting Submit DIS Voting
2nd WD draft
Jul, 2024 Jan, 2025 Jun, 2025 Apr-Jul, 2027
Completed the Completed the Deal with the CD Standard Release
1st WD draft 3¢ WD draft comments Approval
FDIS
Preparatory 20.00 - 20.99 Committee draft 30.00 - 3D DIS 40.00-40.99
50.00-50.99
2nd meeting 4th meeting 6t meeting
Draft comments Discuss and form a CD comments Publish
discussion decision to enter discussion
the CD phase (if necessary)
3 meeting 5t meeting 7th meeting
Draft comments CD comments Discuss and form a
discussion discussion decision to enter
(if necessary) the DIS phase

| 33 2 | ISO/AWI 13228 EZF3t EEH

o L} 0|5 &= Alda} Zhy b3t WEH EFES|
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P ISO/AWI 13389 Road vehicles — Test method for detection performance of exterior

sensing millimeter-wave radar

p D2HE 2|E(Z7}): Chuhang tech, CATARC(ER)

ISO/AWI 13389 BES X2 S SHILE ZXI6H| Yol £2 XKzol ZAE Lajojein
20ICH(3D L 4D TEH0| B3t Z0|Ck 0] BES S8R HA AR, EYa) S X2 229
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Issue Report 2024 OI%42IEE - 2024 XISt HARE Ao} 2 TE
AlFE U2|0|HI 20|H@D % 4D 2ol /F AX| g52 fltt Al die ot 40|,
g5 8= flet A2 tig= eleitt.
- Y TR ZX AIROIE E|A/Z| BX| H2| AlR)
- OFS T ZR A0S S04, 21015 ZX| e 2olis AR
« RIZOITXHA AR S X233l OhS2(H 014 AlLI2| 01 22(0|EI} 20|52 g5 58 Y
$|8HA1 &4 I,jo.:. ol 71E'_|}_ (Far Field Distance)0il CHgt
E|A/Z|TH AR S A, EIOIH tlr"I’*/LE7*91H1EIXI
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A&, E|0||:‘| FOV(Field of view) A3, 3[0|5 ZX| A2 HEl: A& ZH=0f| TSt 0|H ZAX|
= Zlof0f, & Al A8, Al Axt & At Helol| el i8S THEL.

M(Spatial separability), &= £2|4(Velocity

{8t Hel, gz, 1= F 71F iy o2
(31 A2, 2Rz

HHT AR S
O Bx2 0= Uy HXIZE floi 37+ 22
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Antenna and front

Ei D& 4T)0) J2H A
frequency converter

d KAIS MAISHT
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RTS

Echo transmission
switch control

Test system

RUT =253
Upper
computer
software Adjust th le of T t 2
just the angle of Targe
Target 2 to test angle resolution
| 221 3| #yo|g 2 £2] 7ksM A& &E7M oAl (EX: ISO/AWI 13389)
ot 2015 74 MA(Anti-interference) Al& &S TR QU1 ETSI EN 303 396 E&[2]2
7|80 2 S} ISO/AWI 13377 7|&ETAE X12f Q2 X8 UZ|0|EI} HO|HE {5t T
JHA] Al & 7 et PEs 20! FUK6t| et 710|=2t01E Mot/ | fIgh A0]T.
0] 7|& EOM0M= MOSARIM[4], IMIKO radar[b] & 2 T2 HME|A] 7H2tst 7Y 2t5}
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P ISO/AWI TR 13377 Road vehicles — Cooperative interference mitigation of

automotive millimeter-wave radar

p DIZHE 2|H(27}): Huawei, CATARC(ER)

ISO/AWI 13377014 4748 BE 20|E 7MY o5t WS S #0|C7t S5 ML XS
ANEBHs S0t T2 XS 0|67 SUFH M A0 B 4 U HS WAGH: HS
SEE i 012 TISS Sof 24s 4 Ut
L 2N PAAS HBOE HiGH: HAEIA U AIZF HAE|, FDMA, ZIA, QIERIY HI, HY,
G
24 2JAA QEHO| T3t ZAF (FISA, SCUBI)
- SI0IA] ATt S JhX| rAjo] At

5 S0 Tt
RIES HZstaie ZHTHRD & 4 ULt E3 76-81GHz2 FA| (i 22 M|
DE Hpo| 7HY s} SIAFEICHS HE ZZE J1RI7} QICHT THE|0] B 7|SE 1A Kel0)
M=

IEEE VT Society?] AVS(Automated Vehicles Standards) /220 = 20209 2EH ADAS
2 A=A 20|} H0|H e QAR & AlR L et BEEaF ARIEACE ITS

FIE=l0 A= X2k ADAS AIAZQ| O|0IX| SEO| et HEE2h7t 2016100 AZfE|0f 2023 0=
ROt HEOtS YHoH, 2024H0]= IEEE 528 ¥2 2ES BEES EHY KFO|T. SAE
([Ol=ASASst2)2t DINGEY BEEge))2 AEsd 719 Mgt #Ed 801 HE(DIN SAE

Hoh &7t EE 2=Q! DIN

J
SPEC 92381) 7H&E A2, 2023E0i= A& LIDAR 4A{0) O
SAE SPEC91471[3]2 ZH3AC.

o 7}) IEEE XIZA|AH O|0IX] X HEES|

JlEEE ddotV| ol AIEHAIAZMA O|0[X| ZES

IEEE P20202 Yetds E&ofil Y g= dd
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P IEEE P2020 Automotive System Image Quality Draft Standard
p IZ=HE 2|0: [EEE(D|=), smartsurb, valeo(5¥), Nivdia(0|=)

IEEE P20200IM= At ADAS & Z=T1H#9| O[0|X] 20| 7[0iol= 7= £EE2 OfL=t
Ol=fet £dut HHAE JIE HEH 3 V(B REct YEE Msett. AFE 7=t 0[0[X] &
£ds ol ?let BEetd 0 Al PEs Yoottt 0|15 Soll OEMI} Tier 1 A|AH,
SEYH, £2 SEYA 2 XS ADAS 0[01X| S22 H&E 7|8t AFRLA0[E 2 HIWE
E0[opA ott. 0] B2 HEH 72t AL ot=H BAE HOL= tle SN
0[0IX| H& 71 MQls E2ol= BV S8 = ¥ 0[0|X| 2& A==(IQF, Image Quality

0] EZ0AM L2 X122 7HH|2} OfZ 2|0 M0 Sote
52 AlOF, HDR(high dynamic range), E—I Ho Zs 85 o
0|0|X|Q EXEIS 7|5} | 5t FEX KBS X

g
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2
%
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o LI) IEEE gI0|C| &5 AlRd EEst

IEEE P31162 ADAS H MaZdf 0iS2/H0E0IM ML= AHE 0|5 S2S 28otk=
BE2 dO0|HE A0 S22 4 Q4= AlEot, Lefet
o 5

1obA| Bix[ot/| Plofl ELot 45 XES Flett.

SHAIKO| 242 Ct2Ct 0|
A2 7|s0lAf H0[HE Ot
p IEEE P3116 Standard for Automotive Radar Performance Metrics and Testing

Methods for Advanced Driver Assistance Systems (ADAS) and Automated Driving
System (ADS) Applications

p D2HE 2|C(Z7h): UniqueSec AB(AYH)

IEEE P3116 EZ0IME 200 MAS HHOI SRS SO, ZXHS, AXAE ¥ 2
SEHS)EE OFLIZ AL A1) AR ALIZIS0] T2 S5 B3 A1 S0} e S0
QAR ZIZBICH BE JHUS U 7Y RIS S5 S 0] =ofshn 20, (12

HOIM =2HIgt 2= ULt
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P DIN SAE SPEC 91471 Assessment methodology for automotive LIDAR sensors

P =2 &07|%: Innoviz Technologies Ltd, Valeo Schalter und Sensoren GmbH, Daimler

Truck AG, Ibeo Automotive Systems GmbH, Luminar Technologies & 1274 7|

Om
09

DIN SAE SPEC 91471 HEZ0|M= LIDAR MA0f| Chet S& AIYE MSoth, 0|2 02 Ha
L50f 2ol 0] &2 FX| H0|H, 2 &4, dXIE {et BA, deEsg, HX
S=RHO 25, HA| AAH, 7|2 XA &4 Sot 22 et SHE THELD AM< foe
HOlotr| flcl Tt & 7|12 £88 MAloHH, 01| 3..*

position height & lateral(X2: mm), 2= H
Horizontal & vertical angle(2t%]: £)2t Z 85@% HIlolES 3._H1f.
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o 35

LIDAR M9 B7h= FOE 2tE80AM 22X 58= Sall adEh. L *% A& 5, KPIZ
107tX1E MISoll, 220 ol Al 2
91470|A ot U= 1074K] KPl= HE1

True—positive detection probability
Angular cluster density

Revisit rate

False—positive detection rate & deviation
False alarm rate

Radial precision & accuracy

Angular precision & accuracy

2 EA0ME A AEE MAEI0I, 20]H, 7tH2t 8) g5 27 AR Al &
2= SO TC22 SC32 VVG16J_r IEEE VTOl|A Jngf =X| a_gmr BHZ3}
|.

Ct =g
T0i|lAf 2 é.' g5 IIAQP G/t L0 et HES Ao,

THEE 7|72 Otet SUOIME A2aliRte| sy 2570 et MY BES FEI6t0
AL PRt BEAL 7 HH dEAIS Tdotil U MEAt 2SHAEUM ds 2

o2 e



Ciet SHE MAISl7| flet =H{0] 25| O|FHX| L ATt X2t HEst 23 Mop ARTHAKY

LIIEZ RIAHIAE JHE MAE D2HE JE% 9%‘&04 =7} E%&f% ol
= % o2 ‘|

II_-i_E_ f%g = (] oS =) O =
MO 25t BEF5E ™I} g0 2tst L 0|22, 7|& SMS FEoll s =1 7|A 9
IS RANOE S5I0] BAS ACUIME HEHOI SIS S8 YT 230}

[1] 248, A2 A9 QX HM =MEE S8, QENE 2024, 04

[2] ETSI EN 303 396, Short Range Devices; Measurement Techniques for Automotive
and Surveillance Radar Equipment

[3] DIN SAE SPEC 91471, Assessment methodology for automotive LIDAR sensor,
2023 May.

[4] EU project More Safety for All by Radar Interference Mitigation (MOSARIM); final
report (2010 - 2012) https://cordis.europa.eu/docs/projects/cnect/1/248231/080/
deliverables/-001D611finalreportfinal.pdf

[5] IMIKO Radar project - Radar Interference Mitigation using Cooperative Methods for
Radar Sensors in Autonomous Electrical Vehicles, project page and link to final report
(German, 2018 - 2021) - https://www.elektronikforschung.de/projekte/imiko-radar
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S <18 FEA H2E2 0| (CID)
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—_—
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201 71F XY LCDE= 869 22 MU UAATS HIZOR B2 HRES S
38.4%, Q0| XIS CIAZO| A0 &7HH TH210] 33.7%, LCD MAIS Xi 24 591 LT
SITS 212} 14.8%, 13.1%2 S20 47420| ARG LCD A0 B FOfGH= ZO2 LIEHT,
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Aot QL= ZOR LiEfLH
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0||
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Muiti-Display Module for Curved Multi-Dispiay Module Multi-Display Module with
Japanese OEM for German Luxury OEM Passenger Display

202081 S5 p 20243 A 202148 3 p 20244 Y 20224 £:3 p 20254

- 28" Display - 25" Curved Display - 32" Display

- Mass EPIQS| X - Center + Passenger Disp

(EX: Visteon, SI0|EXISH)

| 18 5| Cfs CIAE20] 7+ & CIAZ20] st M
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FIer EXQI S2 7IES Ot B0l F2loIRAL. 0] 7|&S TESHA| (B QI5S ¥ o+ 9ok,
QUSHUX| 2 MZ2 AtFE UAS0|= MEE 4= Gl Mt HAS|0] M|z B! Tier 1€4KI=
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kel =2 3o MEe Fe -2 FYUH| = J7IE FF (0of: full HD, 4K siale 3H &71)
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Olet 3 &E Jls2 A W HHHQIHE Zs 0= SHoM| TEH, SAS0H HS CHfet
=2 HelE HEet. HE &0, SUS2 LAS0|E Soll AAtC= GM HEE =I5,
SHX[0f et HEE HMe 4 QU 0|~ 20| S C|AE0[= Hot AEEHQIHE =42
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(EA: https://www.continental-automotive.com/en/solutions/user-experience/display-solutions/privacy—displays.html)
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| 4| CJAZSY0] HIZAFE OLED CIAZ|0| EX U M2 AHY|
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Rear door Front dooi
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On the roof (front) Behind the windshield On the roof(rear)

*  Good for (very) * Good for (very) long-range *  Good for long-range LIDAR
long-range LiDAR LiDAR * Heat management
Cleaning module is + No additional cleaning module

mandatory + Dirt pollution
Heat management Heat management

In the fender In headlamps In the grille In the bumper
Good for short-range « Good for short-range « Good for long-range « Good for short-range
LiDAR LIDAR LiDAR LIiDAR
Dirt pollution «  Compatible with slim « Suitable for EV - Dirt pollution
headlamp design trend + Cleaning module is + Cleaning module is
Additional heat source mandatory mandatory

from LED modules
(&AX: LIDAR 2022 - Focus on Automotive and Industrial, Yole Intelligence, 2022)
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Mirror Grille Lamp
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Spinning LiDAR Hybrid solid state /_Fully solid stat:\
2005 2022 20357
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SPAD /

Photodetector SIPM
(1D in 2022) (array)

APD S VCSEL

(Discrete) T -

(1D in 2022) \
e Custom b

EEL Processing ASIC
(FPGA at 1.2GHz in 2022) Highly
FPGA Assembly automated
(250 MHz)
3 | Cost of Low P
anua i
production \ /
High

(EX: LIDAR 2022 - Focus on Automotive and Industrial, Yole Intelligence, 2022)
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2019-2033 LiDAR revenue forecast
$9,000
$8,000
$7,000

S $6000
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o $5000
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S $4,000
g
a $3,000
$2,000
$1000 II II
. = |

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 CACD 2 CAGR &

mTotal $9 $20 $25 $44 $169 $462 $841 $1,437 $2171 $2,979 $3920 $4,580 $5313 $6,028 $6,840 $7,687 68.8% 14.4%

(EA: LIDAR for Automotive, Yole Intelligence 2023)
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[2] Why ADAS and AV need Thermal Infrared Cameras?, FLIR

[B] M=l siy7|s R&D R BEe FLSS, AT/ |/ LAY, eaEEe=], 2021

® /9 @



=Sk
SS

h

Issue Report 2024 OI%42IEE - 2024 XISt HARE Aol 2 T

05. AEUA I =SS 2L £ 0l

HIEMY O|X2 THE

0 s=

2l0]H(RADAR : - RAdio Detection And Ranging) 7|&2 MAL7 |IE £4:4 510 72|12 =X
7= AZfol0 2=20M 7]=0] LXolHA £ HEIK | gl5oll 0= 2 FHETK| =
T|HA S0 fIX| §EE HAIC R 2lSok= MAM= LHOIACt. M2XE MIAHCHEO A 7I%
HfMO = UTGIR L 0|2 HASEDE OtL2t 7|[&E, oiie& 0[E7t L0 AMTIK| Ee
A= UL

0P>

-{o||

TALE HO|E 7|k XEHOo2 WG &4 7h+ 2|0|C(SAR: Synthetic Aperture Radar)=
HO| &1 ACH 0] 7|z FA| MEEL2 &80| 2HE1T ALt

AAEOZ V1 2| A0|1 U= A2 ASAHE H0|H= 1990HRE X0 80| = 0|2=
CHfst 2FAt HX AJAEI(ADAS : Advanced Driver Assistance System) 7|50] 7HZE|0f QAL
SO0[Ct
NHTSA 2100 =5 Ats

At ALY R E2 20| ol Hedfot/| =0l O et ASAtE
TS7| ?loll ADAS 7|S0| Z&iotA| HEE 1L b

|- |-E,F0-” I‘lREl_I O||:_|-

Estimated
Critical Reason Percentage™
Atiributed to Number + 95% conf. limits
Drivers 2,046,000 94% +2.2%
Vehicles 44 000 2% +0.7%
Environment 52,000 2% +1.3%
Unknown Critical Reasons 47,000 2% +1.4%
Total 2.189.000 100%

(EX : NHTSA Report (Critical reasons for crashes investigated in the National Motor Vehicle Crash Causation Survey))
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05. AI2FdX J|==st L HE Ol4
ISO/TC22/SC32/AHG2= &[0|H Q| 7HI0| &t HESIE =2F0|0 1SO/TC22/SC32/
AHG30IME AIHE |0|H g5 Al L0 2ot BFEs} 0]F+2 =2lofl UL
—— ROAAN e CCmera Lidar Radar
16 CAGR 22%
14.62
14 13.9
12 Camera
CAGR10.36%
10
a 7.
6 5.00
4
2.25
2
0.56
0]
2021 2022 2023 2024 2025 2026 2027
= ZM0ME BEePt A S¢ AEdxt 0[He Vsase 2 MYsesS Y02 10X} oftf.
CESH A Aot MBIt =7t HEC] Tlel st =0 OffFAltg 240t IAt ot.
RSAIE HoIE S
o 7p) XtSXI2 3lo|E 7|= e
0|G= MAV|IE &80t 3710 et Y2 E &S0tz MIMOICt 7221 8 QHH|L, RF
MBS MASI0) SASHT HIALE ASE HA5H RF 441, 2(0/0] AIRH PET DE20[8S
XO{5HH OFd 21 AMSE HXE MS 2 HaEkek= BSW(Base Software), A1E MS0IA F2|0]8t
JHE FEolLz AMaX2|2= 0|F0ZICH
0|8z MAV|IE S54I610 A A2, £, ZEE FE0610 A9 HXIE Te = U=
MMz S0 Zlst ZX|[HS0| FEO|C.

Classification Distance & Speed
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1990 Ol ASAMH 2|0]H 7[=0] HEE 0 22 7[7ts2t ASE UL MUE HeolH Teks
ot gAl ds2 H SO0 F7|= HH MO 714 Lot Zgo| HOMUV| W20 i

AEXIE 0|0 QA M0| XA S0{LtD QUL
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ADAS 20| £282 H2|0|3 AABIDL ARSI X5 ZIgHS(Automation Emergency
Braking, AEB)} O{H{E|E I EX HEZ(Adaptive Cruise Control, ACC)2 €&, Tt 5=
ZA(Forward Collision Warnings, FCW), AtZt X[t ZX|(Blind Spot Detection, BSD) 2
NESLC=M, 2HXS| HpE z|Astoi] AIE HX[OIH WEA L AYES EY 4= UCL

o L}) XtSXIE &0l 7= S

27|19 A=A 20|t= MY 0|HZ 77GHz| E72| &2t &|0[H%t 24GHz2| HH=| &

2|01 2LHE F=fol( FLeiofLt. ol 2f0]H MM HE HHE UL 3T |0|HE AlZaH0F
W1 W20 oid 49 /142 S| UL 0% RO YAt AIARO| ZXet EHA]
e 20|HE ZEZER SIS of0 A /g 2A2/E2s ol MMz ZXE +
QUAEIRAT 2719] 24GHz 2f0|H= S= 0| F=fot AHXIHE HAlotHA 7IsS 2o,
HHAMCZ NSAE 20|59 M= & HO| HealotHAM 0| H0| AHEodHE 24GHz 20|H=
HE AX2E U 7IEN AEotH 77GHz WH(76GHz ~ 77GHz)0IM 2&5t0 79GHz
S (77GHz ~ 81GHz)0| AL QO FHXf Yitol= HEEQ| AH=AtE 3|0|He 77/79GHz
CHHOICY. 2t LetE 2 Sl Pt /b ALO[RE £20] QAT HMA ASAEE 20[H 2| 0= tfH2
77/79GHz2 &&= FM0|C.

pSl=1;
o
AL
A
o
—

L.
|
S

HIEX| AXIOl AR x7| RFICE GaAs”|gt| discrete AXIZ A|AHIS LA3T| IR0 7HE
AR HIME =11 AX; I BT ot MSX2|E flol FPGARF DSP, 12|11 MCUE Zglott]

H2XMEE W U ES+ Tl MAel 37|71 2 0] gLt BH=X|S] AXE7 GaAsOA
SiGel= HalolHA FAt =X HAEIF St/ HI7F HOMK[HAM HAF ASAHE |0|EH7t
hEatel7] ARBHICE O|™0lE ZEFEE flo ZEE AMEol= mechanical scanning &AL
ArgS WA KSKO| Foler 2HA0N LH1g0| 25t ZHFHO[ AU SHEX7F HE S|
(2t QHE|LE HHEL| MSX2IE MAECZ SH= electronic scanning HAICZ X3t 5HHA AtSAHS

d0|C= YXI0| MA|7} solid-state= TRAZUCH QEh 7SS0 S5 S Soff 2FEH0[ S =RAC

HIER|O| 50| ZORX|HA SHHO| M2|& 4~ QU= HI0[EQ] ¥0| SHLIHA FMCW (Frequency
Modulated Coninous Wave) modulation &&= 712717 W2 slow chirpOllAf 712717t E¢t fast
chirp HAIO2 RISISIFLCE. slow chirp HAMAE T2 7|87|9) X892 1D FFT(Fast Fourier
Transform) 0|22| I EHQ1 MS0M peakS Aol LYACZ Sall SXQ M|t £=E
F&oftz PH fast chirpliMd= 2D FFTE Sofl HH= Range-Doppler mapg =& 5 7|
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HZ0f SHHO| X2|oh= CIO[EQ] 0| 2 CHAl A2 |2t £E9| FE0| 710{ Digital
Beamformings Soli ZE=E FEol0 A9 /2|, £, =S 22 FFol1! ’éﬂé%l objectsS

Z
tracking 112|155 Soll =29 0I5 =HIE FE0t0 MO7HK| HZo6kA .

0|0 RF Al

0

£ &545H= QtE|ILISl A2 waveguide drum2 ZEZ Z2/= YA0|Y
HYItSet X RUAE 0|Eot0] AT ZUX|ohk= e 20[H SO| ABHUL 0|F0=
[HEE2 RF PCBE & EILt7t 15130[4 ZEZRACt RF PCB 7T Xk{|7} 1170|HA &S0
AL Q71 HEO| ZZ20= waveguide 2HEILIE Salf QtE|LE HIEE F3lok= FM0|CE. 242=
waveguideE HeiotH HVIE 11 FAT O 47| Hz20| Y=0l= S2HAE AE2 ol 32

dk= Injection Molded Waveguide QHEILIZE BHE O HO| 28 A2 HOICt Ot

S Solf ASAH HIHO| W HSO[0f =L U= FH20|H(Coner Radan)2|
=0t O S ZAIot HE|TEK| ZX[E & A = UL
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80
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TRACK Length Estimation and Vehicle Tracking § bitsensing

'!m""ﬂm' — J-ﬁ'—;'——-

d0]H2] 2IX| Z0HM= AIE &8¢t perceptionT oA HFSO0[H 7|E 2t0|CHL 7|2t
7|8t2] SLAM(Simultaneous Localization And Mapping)= 0| H|0|EHE &R0ot0] {86t
ULt X230 XERFe| S22t 1Y 7|=0] & 0| 5Lt 2|0[Het 7HH2HE &E56t0 SLAMO]
YT QA FLRIEICHH O] ot gl AITHE YY7 = A7171 2 A0t
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o Ci) XISAIS H[O|C] Ate} S5t

XSRS O AE H0/T SXAIS HOIS Hob7| lof S ADASO| 8y £202 o
7IHSOt FISFS10 ATOAIRES NS0 0127 MHK| B O F=jak, Fjst HBIN O £2 459)
H0IC7} HE O L2 71H0) B35} St 201440 2UYISR HE Yi0| 42 0|5

==Y 7t 0| A=A TAA H0|H 7IsS /1 AMS0] 7H @%ﬁ% ot EICXII'_ 2Hoz
d0|HE 2&5tk= ADAS 7I50] MZEALE =15 ASHTH HEE| Tt
2 U S DUCE ADAS 71s0| Ext Egetts FE80 A ?5””0IEF— |$ /t HREH

MidE 271 AARIL U2 2AS0] £HEU0 MF0] 75 AXZ OI0F [QUK|ZH QHERZA I
OFZ| XF2Z3H9 %g 2K AUCE I NMEFY 20| SOMK= AZ|of S& &8/ €8
2= U= WM7t 2H0ICHLidan R thR=2] 2lAk= 2t0ICt 7|8te] Q1X|(perception)S &ot A&
MO0 LSOIALE GAl ef0|t= AsA| it HE0| BN AL REFE HAS| ZI7IUX|T
7+X|Mto1w PtF =7t E2 point-cloudE d-gok= A7 R | Th=0i| CHE=0] 2f0|HE
2Eol0 Azl Y12SS WU Al 2H0|H= A O ZA O WA JiHols Yoz
LleRW7| 20 Aerds ?let HMz== ZA| §50] BE3UL. ofX|2t 2f0|Tet 72t/ 74K LD
U= A0S Hah= 22X0z =22 & gUV| =0 20[H2| sitls Soff THE MM & 4
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[1] Singh, S. (2018, March). Critical reasons for crashes investigated in the National Motor
Vehicle Crash Causation Survey. (Traffic Safety Facts Crash-Stats. Report No. DOT HS
812 506). Washington, DC: National Highway Traffic Safety Administration.

[2] M. Kunert, “The EU project MOSARIM: A general overview of project objectives and
conducted work,” 2012 9th European Radar Conference, Amsterdam, Netherlands,
2012, pp. 1-5.
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o 7P Head Up Display(HUD) 7|&1} M= S&F AJH

B HUD 7|=2f &%

HUD= ALEX7F AE0|E & HR §l0] AS0|ZRH FoiH= GYFEHE AR
SHZ0 FASHA BE0FE AARCE XISAIRt &37(0 2 MEE 1 ULt FSE(Aviation)
HUDE Z23A & T A0 U= ots, 4 37| 52 HIE 2E =2 H0|EE
HIQI5] Aot A|ARIOZ, 2Xt MACHHE YAl ME | AENL 2HE FES Yol HEote
011 M BHO{LE ZHH(Cockpit)e] A= = HO|X| FE S0l 2fa AlMS HHOA O|sSAlLC=E
Ulst= E4H(Distraction) 2| HZAS floh WL AL DUZHIZ 7| HMEAO M= 2000
ZHIRE HUDEME AIRRHOD] AZZSIAIAR SIYAAAAE 7HLH0| HUDE &85t QL.

X&xt&(Automotive) HUDE 2TIX[7F A7 [HO|LE LHH|A[O]M SO

FHE =2 = UE T =2 MH0 £, 10 Mo, 4 ol oidHE 5 FEE FARIH HAlok=
AMAEOZ 19884 GM 22 (Oldsmobile Cutlass Convertibles)t 19894 Nissan 22(240 SX,
Maxima)O| HUD &2 RAIHO 2= Mg AIHO| SAI=IUC. 31 XASAHE HUD 2| TA|E,
SOIM ALEE &= U= HUDE oM ZHE A <ol A2 A71E 1 Q= +=&0|Ct

A I Color HUD= 19980 GM2| 5A|LH Chevrolet Corvette ARXFI0f| EIXHEA2H,
20124 PioneerOA 2TIALS] AMOf LiH[AO]M ek, 24 AIH, =2 /0] et ME 22
Faoz HoFE SLTH(AR) YEf HUDE A7oHIL}. ASAE HUDE 239l 7, &2
SOl feloll JHEA| 7ts R0 M2t MEX £= AR iz 122 &+ UL HMEX HUDE 284
e 2 - 3 m X|[E0i| 4 Olot A2t 2719 G0l A7 [E HELF #EE E, <A S0| BAlE=
2tH AR HUD= &H| 28 HAGH LHHAO|M Ty, MY Xl 72| S5 HAIoH0F
ofE= 10k O A2 2719] Fof+1ei0] EQ0I.

| 3% 2 | HSX Type HUD(ALE 0[5}2] A2t — FalietA2| 12 S0 F&lol JHEA
b8t AR TypeQ 2 WH5H= HUD
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M True AR HUD2| 131S I8t 7|&H Ol

X ADAS(Advanced Driver Assistance Systems) 74EE ZE0|= 75U M7t HHE Edf
HAIZR|E &H 21 2etE= AR HUD 12 SHez Hilzs AE Q
AEotH B 2tMQl S&2140] 7isottt. Meth], ADAS SE9| A2 BAIS

A HO[H2EHUD HMI SWE Sgfott] gol= allerg0f a2t Al4H ZE2S F=ot Overlay
of= 0] LHA|OLY.

A N
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. ';I Igﬁ,"l - !
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VFOV* ! E!,rgtg, | y
\ / 5°FOV 10°FOV 20°FOV

| 28 3 | HUD2| A2, Field of View (£}), AFEZi0fl 2 MY x|, =20 Fefol
HUD S&22 TA7t kst EHe ()

AR HUDQ| Z4 Q7L & SiLt= SERZEE FA 7 - 20 m H2|0| AL EAIBIA AR 23
TR0 BB 2T 22 FIE ML 3D THA YA AR| 12T TR0 HEHM EARHOF
SICH= Z{0ICH 2 3014 2 4 QU= ZiXY MY Ay, T29| HEE AR AR H5lY|

ES
QoM B 52 AIEZIS) HUD YUEAT BRsS o

AEAPHHIZIE = E2, AZ9| YIX|[= A2 AR HUDOIA 22t HEE sy SA| AXI0 K&kl
H3i617| QM E 71& 2D 7HEA (Virtual Image)Oﬂ 7'0|(Depth) HEE F7t5t 3D 74 aiat
Ol Froiet = A= HAS0V 2oL, &M tE2s AE=C, d=s & | = Al HES
B2t1l 7HEe 4%, ®Xi 2D HUDOIM= A, C2 9|7<|01| é“—*o*ol ANEXZRE LF AH2(0f o
2D 7+ E4 H(Virtual Image Plane)0ll BZt HoiEl= B, 3D HUDOAM= A = C2 /X|[0f
e A E= C7F B (3 4 F10). M8XAh= 2D HUDOM= M2 TFE =8 72(0f =¢
A%t BE HZOF 210 A2 3D HUDOIM= S&eh 28 H2(0] QI A% A" = Cot C2 AlEY
U= EHO[ LY. 02t HOZ 3D HUDZ} 2D HUD OiH| Al O27F RRt Y= +EC=
A= HIF AN B QT[T 2].
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2D or 3D
Display
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o ZHOIM A0SO B A2, O W2 AEZC HUD G442 FAR Mz dXo| &ty Hig 5712
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Mo B7tAA & £40] Ldot= At 20| HUD AABE g5k st HIx0)| 7|Qla &2
£40] LA 4 QUTt MEX HUDRFA T 2 - 3 m AIHO| 4 0J5t A&} 3719 HUD
s 9] AR HUD= 25 -

AT} of 5t IS0l BBt AAS QT5He BT 10 - 20= HY AZY
308 B3t A7} BRS) U 2ot B2t B BR101 M, 717 S A
HUD 7|&% A5/ Q\Ct

otALt M=2 /HE 2

Holographic Engine — Optical Schematic

nnnnnnnnn

Envisics Compute ASIC
X
; 1
i

Pupi Expander

| 22 5| S2 73X 7|8 3D HUDE JHYSh= EnvisicsAte] HIE A|LI2|2()

A2 H|AE 1291X| Windshield HUDE 7H&fal 202030 SCiXtS K
A|EtO 2 Qs (( 102X )2 T5¥(0 1220X)) HE2S S5 s ERotl AR

EZ7 7|8 3D HUD 7|&g E{)8t Y=9| EnvisicsAl (2 5 Za1)0f oF 30091 —'?—Xf 5

(@]
<
(00]
H
e
=2
A
|D
1110

20051 %t% =02 S50l HHsHE AR HUD 25712 5% 501 2102 Yaiy rt
3D HAZ0lE H0IZE QXISHE BM(Depth Cue)s B3 YHze 78E + 3lom,

e 40 @



06. =€ CIAZEI0I(HUD)Cl IEC/ISO = HIEZIHE

71 e O = AMEohkE HAE

HigtE= AIY 20| X071 Yiigio= Qlet Zh =9of Y0 3o|= 6HEr %ﬂl %"ﬁgl 1°—

Binocular Disparity)0|C}. 3D HUDOA = &= X &X|(Eye—Tracker)S At2sH CIA|H 2OF
CIASHO|0A LAE= L5 A B2 2Rt & OHE A G2 S0 HIHE £ UESE

O Z U ALZAIOIA| 3D HRUXIL 7hsotes & 4= Ut (AF 62 2= D). 0243 X LiF2)

2OtAEMA 3D OJAZY0|2 Foike SAE AL Convex Mirror(iLY, BIAt AZ #HA)QL M™
Windshield(Half Mirror &&H0f| QJoH XA Bf =2 0] ciY sMER E=EE B (22 69
Q= 7).

Windshield

(Half Mirror)
< / Virtual 3D Display
AL
Convex/

Mirror

Real 3D Display
3D object ! Augmented 30

object (Arrow)

(Arrow)

| 23 6 | FrAMWAl CHAPY CIAE[0] 7|8 3D HUD +8 #i2

ezt 718 SRY0AME 2023 AR 541 /[ OTED AFE 3D HUD & H dits
Fleh TN g7 Hes MZotl, M ASH B 4~ A0 A M UASH0IE EEol A
S, ?IAl, 2R & HAL S AR BHF = AHKH EeHA AZE HUD JEs FEotl /ss
T
=

FH
o
]

A

and bringing in mixed-reality exactly where to make a
capabilities into the vehicle maneuver or take a turn.
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28 =Y AR HUD SW HZ 7|2l OtAHE|2HApostera)E At2|At of2tE Sdlf 21, 5I2te
CXE 25 HEZ0 AR HUD AZEQNHE FIICH (T2 7 1), LGHEXI0A = 20194 ‘Dual-
layer AR HUD'2h= 0|5 L= & 71&8 YAUIM 71 BN A83t 20219 1122 XIHE AR
ADEQINE 24 HHZE JS2 AZRILE siE 7182 SAHR S MKt MS0l SR, TZHAE
TE3| S0iLi= FME 10 m 2| 7+ S1HO| LiHA0|ME, £ HX 59 HEIt BAIEY, 3 m
He| 7H S| S5 S F2 HEIF BAIEE SIS HUDOIM MZ T2 H2|of Rl F 749 71

ofHE SA0| Felol= SFHO0IC.

o L}. 2D/3D HUD 2L 2 2o| T7Hut 545t

HUD &5 & =U ¥ 29 BE/NL =2 B 10|A A0S 50| XS w8 SAE(Society

of Automotive Engineers, O|= AtSAt S82|)0iA= 20183 110 2D HUDO| CHst

Ust M5 S™UH B JIHIHSAE J1757-2)8 S50 H, [EC2H ISOUA = 2018HEH
HRHEE AR 22|U2t0 A= IEC TC110(Electronic Displays) WG6(3D Displays)di|

3D HUD #st M5 SHEE’ 722 ot 20190 NP(New Project)2 SQ1=I4 17 20220
EERACE. AHO[0M 3D HUD HEEE SFUH 7HES Aol 2021H0| NP2 521, 20244
2 = 202549 =0 £7t 0 ™0|Ct. I1SO TC22(Road Vehicles) SC35(Lighting and Visibility)
WG3(Visibility)oflA= 2017 OEf2] UNIOIAl SC35 Secretary X492 HUD E&7HES Hot
2018 110 NP2 SQI=RAL, Le|L2t0AM= "3D HUD ARZAF ot 2" 225 X|Ctol
BEM0| BIHEUCD, 20230 S7H=ACE

| 11 HUD A 231 20 2 20| BRI g

fe|Lt2t

20j o2

TTAK. KO-06.0403
= A Tg SUEA MRS oxs W e gt Ay | 210 P -
KS C IEC 62629-62-11 B Hot
2 | =y I IEEEY 3D C|AZ20] 7|7|-A|62-112 2023 | 2D, 3D “f i
M0l TSt SR -Bst =
SAE SAE J 1757-2
2 - o —_
3 =4 (0|2 Xt=t28t2)) Optical System HUD for Automotive 2018 2D
IEC IEC 62629-62-11 B Hot
4| =< 3D display devices—Part 62-11: Measurement 2022 | 2D,3D | T T
(TC 110) . . . E
methods for virtual-image type — Optical
SO ISO TS 21957 2D 245N
5| =2 (1C 22) Road vehicles - Visibility — Specifications and test | 2023 | (Annex B | (Annex B)
procedures for head—-up displays (HUD) 2t3D) | MQH
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IEC 62629-62-11, 62629-62-12, ISO TS 219570 HZ/HE Hel= HolE W2 =3
ZL.

- |EC 62629-62-11 : 3D HUDZ 145t= Real Display(13 6. = &11)9| FAXE (57,
AR} ZhSIA|(BHTY, BIAL 7|5)9] X282 3 E= 3D Virtual Display@l “3D 7 |
CHH|ZE, A2, 3XHH S7H EXf 9IX|2F =5 FE"0f ofiol= st 22|dS SHot= Wt

At 18S9

- IEC 62629-62-12 : “/0FZt, =2 H{ZO| H3lot= AA
EHHI”EF A S0 O|xl= S, Two LayersS 7HAl= HH ZHEH0H| 7|Qlol| &lol= Ghost
AT, Aol R0t9| A HIXI0| ME /S /IX| O[O O

9|

0

ox

- 1SO TS 21957 : HUDO|| QlaH FoIEl= “2D 7HASAO| 87| M CHH|ZE, Al&ZE 7R4GATHO
lotetH o= =70 tiet £ Yt "TAPt QIXGk= #Ol, Al T2 S0 thet E7t

e g9

d

SAE J 1757-2 BZ0M= 17 8(c)HIM E0FE At 20| 7HeBete| HEHIE AN 2E & THEO|
SA0 2H0| H= XHe BHE 286l 2UNZRYH 7t Gy B AH2|E E7fotH, 0] B/t
HHHS RadiantAlIA =8 RH|Z2 MEIZ|QICH 2! 8(b)dME ZHH2te| 31F 2t ME 22 H

[ —
S8y 8ol AelE 28E = Us JlEE LMok 9;1951, Ol= Eyewear C|AZ2|0]9] &t
£4 20 2851 At RU2H0M= 012F TEA 18 8(a)0ilM 2oF= At 20| 22
=9 Ao R0t0] HOE ZHA(KIE ST 6.5 cm)0ll =4 ZHH|2HI ™ 80M= LMD, Luminance

Measuring DeviceZ HA|EHE 2 GANHEE %RoHM AAXIRE 7FALA AL THO]
He|™E(Virtual Image Distance)& OtL|2t o= &, 7pAGEA MOl 2tk HOf| ZX§5k= 3D
IHSEHO| /R HEK| FH etk & F S|
SIRIOIA] 3 EHYSt By = AKX} Sh= L2 7okt HE (O™ 9 1)E of Hoj| 2 & U=

YOI AL,

|ru
mx
pall
o
fol
AN
o
2

. Y
4 Virtual Image (Far) Moving
\ e (Far /,/ 9e (Fan) Rail
\ ’/ / i
Ve /
\ vir n\u Image gl‘-laar) e ———Virual
Image
\ / / (Far
h \;/ yd LMD target)
/" AN /S Rotation
Left LMD Ridght UMD Dieparity Angle Epear Virtual Image (Near)

for the virtual image (near) (ne_ar virtual N

ES image) ™_|[/ \

For the | A

virtual imagef--—----- ;]]]]]]]]} {]]]]]]]]]» ———————— —
(me=n 3 ! LMD
The captured Disparity : — ——irtual
|||||| by left LMD by right LMD 151 the virtual image (rar) Rotation Inl'\augae
For the ‘ (Near
-_—

Angle 6,
(far virtual
image) LMD

virtual i target)

(far) ‘
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Eye box

Eye box

(X 12, }’312 2f2)

_a
‘P Pss-.
(¥32, J’az Z32)

“

{ Horizontal Field of View ) { Vertical Field of View )

Horizontal distortion Vertical distortion

Frop e
nt Wtua/‘object

{ Horizontal and Vertical Distortion » { The distance between a 3D virtual object and a user )

| 7219 | 3D HUD 7HAleiAte] 7[515H EA (IEC 62629-62-11 &HX)

I8 100lA= IEC 62629-62-111} IEC 62629-62-12 EE0|A 22t AJ45H= 3D HUD F&a
AEole ARSAH =9 /1A Hell ME 37| -2 Bt 3 2F9| 37| Hal/t 713

SFH0i| DXz 32t B/t flet YA Ags E0F 1 QlH.

OO O

y

LMD can be
placed at each of
25 positions in
the eye-box / >
‘\ o |t /"{N' :‘:::"""‘"’: .?E”?:;:'-Lﬂaillhvn
HUD Unit —— b L T e
(a) 3D HUD BHE AlEoh= AL =2 YIX| 310 M2 Y (b) T 242 87| HaPt 7hddde] shHof 0)X = I H
7| PYUE T} J1= o s_ e

| 2% 10| (a) IEC 62629-62-11, (b) IEC 62629-62-12 EE0M #5t= S8 MY AR

YA
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O] &= 7HX| 58d= 25 SAE J 1757-2, ISO TS 21957 E&F0= Z L X| Y= LHEO0|C.
HAaZe]0] #H7| %’8 U BIH0A= 7|1E EE 3D LA S0\t T=A 2 HSHAE AtEdt=
3D HUDOIA= 18 10(@)0M 20F= AXE AFZAS| =9f /X0 T2tM 2k ¢S 58 =
=2 AAX7HT om 422 Olsol= 89 2k HeldeZ #EEE G ASAN 28X
02| S2Y2 HMete HAM Lofts AC=2 7HEE 4= AXM 0] ERIE 18 10()MAM eye-
box(MIE SH, 7t= 142 x M= 128 mm)2 BEAIRICE 18 10(b)HM= 7HS B2l At THH|ZO0|

A EiEel 57| Hato M2t K H Feks EeX| Botol| flet SEHA| MeE E0ED
HUDQ| ZA AI™ZK(Field of View)0f| aiEsct= 37| OAtQ] BHA AF 2|0 EHAM XHS AIE6
TIAIATE )= 2 ER HIAS S A Q= XEX| HIX|Z |EC 62629-62-12 EX0A=
A= AVlotal QT &A| BiE0| BOMEE, & oM K= = 2tZ0| HalE 32, AEAUL
CIX|otz 71 FHo MAHO| Ol Hr= &7t UH|AE dadck=s dg= Z0&0t. 0f2det
H3lE H|O0|El= HUD B4 2HFE 7HM S flol &8E = US A0I0

3D HUDMIAM 28At= = E22t 9| 242 7127 YHY Y dE 5)s MM

EI=H, (1) FAE S LHSE0 ool 2=a AAH A2t AZAL7t QIX[sk= 2| RI0], (2) YRS
PRI HE 8- =22X=2 2ol T Vst AIY L2 =2 E7tet 24h= 3D HUD 242t
S HE MEE = UM, oliF H2I(H0l, Depth)0ll CHEH QIX| Rt AlH I2 U 02
SOil CHoll TAt 717t oI LIDAR, ADAS AlAELY 0471|5f011 AR 3D FHCOZ F3 29|
oS, Bk, E2H9| ?IX| SO ol Fefolal HHet HAIZE BRE0| Tet ASARIX] 7t
YENE, 20kl 710|= 2 SQol M2t fe|Utoide QiZissil #3E 0lnE HE
2 Q= 1SO TC 22 SC 35 WG 30([A 71 SISO TS 21957 B&E2| 245 = 3D HUD ALEAt

T7F 24 2t ol @18 710|125 201901 M2 20231H0] ZZ = ACE
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HRlot=E QEGIULE M2 THE 2|0 /U= F SAC| /X7 IFXMAM BHESS F =A| 2F
He| X0l YAach=s LR QIXGIER 0] 4 vtFah TAtQ| 21X| 7{2| H|0|E= Diopter(1/
metern)2 HEA|, H|WSH= 40| HFZZIGICE 3~15 m AH2|0AN L§At= AN HST CiH| X5 ™
A0l U= 3D 7H G S HIet A20f U= A2 QUX[SHX|ZE, 30~50 m A2|0f|Af I&Xt= A
HS I OHH| 717k Z2|0f = 3D 7H S Hlet AH2|0l| QIX[oh= Feks E UL

T2 1201M= 3D HUD Fadof| CHol] LA i7t QIX[ot= A D= B7t 2UE HOECE DAL
3~60 m AH2[0f =21 3D 7t4BHE AL 1 =7 SA T 0~68 A0[Q M2 ANHIE HEE
YISt S SIRAC. Zero Parallax $IXIQ1 71&E 7H4EAH(Virtual Image Plane)dt 0] 7|3 T2l 1t
Fofl U= 3D 7HAEMTR|C] HE| XIO0|S Parallax Angle XI0|2 A&t § LSXIQ| A |2 H7t
2 H|WOKULY. Zero Parallax ®IXIQ! 7|& 71 Fe HOZRH 9/ WO Z SI0LIA #|X(5H3D
7SS0 CHolf A 2= S7tok= 20| UKD, 28R 3D HUD F4TH SAloh= il Mgt
T= A8 A S 7Y S A0 B AN FASES T, AlY D2 8% ¢

QU= 70 SR HOR MBI,

uol
ron

<Parallax Angle (smaller angle /5/ Ny

Visual Discomfort Levels against Virtual Objects @ Different Distance

at further distance 8, <8, <85)> [ |,
- §: Severely, 4: Moderately, 3: Midly, 2: Acceptable, 1: Perceivable, 0: None 0 comfort
|( P —_— 1 perceivable discomfort
NN i
. Virture image plane 211k (just recognizable)
: PR S R [ Rty acceptable discomfort
24413 | 2 ——
24215 L g (2 little bit uncomfortable but tolerable)
? s 1706 L 3 mildly discomfort
10:0 (slightly uncomfortable)
l I l l 4 moderately discomfort
(A . S N 5 severely discomfort
o (01} [R (0.36) (0.58) (0.70) (0.71) L - e
\__‘ at 3m at8m at1sn st 30m, S0m

Virtual Object Location from User in terms of Parallax Angle

| 22112 | 3D 7HAM0f| Lt AParallax-Angle(xS) CHH| A O|2(y=) ™7t At H|w

3=

MO H{ZO| 7MY EYE 2 E0F= AR 7|&0] 7HY 2 iggdz M&E = Uz 20t

AtsAtE HUDO|H, 3D AR HUD 7I§._ Z|2 ASAHHZASO0| MO = MZoIIA HE 52 =

BMW, OO, XSt 5 =2 =4 tdR 7|0 REZE Q4 X0 HMEot0 EAD A=
|0

7|HEICE 2T AlOFof| —ﬁ Overlay g&= ddotd AsAV SXY I HAIICZ Fatitdnt

S| FXIE & U= True AR HUD &S Q-OHM (1) O ™ EAAZIHAN O S A|EZto
G} A KtSKE YR &R0 st 2702 AYSHE HUD, (2) AX| Fat=tyol SH|2t
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Y= A D27 A9 Gi= 3D 7HdEdel 71, (3) 2R MM, ADAS Z11, LiH[H01H, 2
Y L= HAlA AAL E2 ¢ Q FEE AM4H o= Fe =0 H=H BEAE +

X e
QU= AAJZE HOE| M2 71 S 200l HL0| TEEID QUC,

o

Fe|Let0ilA= =L7|1Z0] 3D HUD AlMiES ZiEet 2018 E5H 3D HUD st ofA

EMS

= —1To=

Yotz YEE IEC ZMEZCZ HOf, /gE FLICH, SA0| 28X HE o B 43
(@]

i
ARl siigots QlZisst 718 B/t fIe LAt Hle 2 871 ES /HEol ISO HEEC=
Hiehoks 23S HAYH Mt = Ol e|ZE0 =2 21E AVHGIRIL.

[1] S.Y. Choi, Y. J. Jeong, J. K. Ko, M. S. Noh, J. H. Lee, D. K. Nam. 3D HUD Optical-
Property Measurement for IEC and ISO Standard Developments, Proceedings of the
International Display Workshops, 2020.

[2] S. Y. Choi, Y. J. Jeong, J. K. Ko, M. S. Noh. D. K. Nam. Measurement of Optical
Characteristics and User Cognitive Property for 3D AR HUD, Optics and Photonics
Congress, Jeju, 2022.

e (7 @



=Sk
SS

h

Issue Report 2024 OI%42IEE - 2024 XISt HARE Aol 2 T

07. AiEE A= =8 FHHIEt 2IESE

13X
s

)l
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02
=
1=
|>
0%
02
rol

B FI==g izt AliSSE

o 7t RIBT AR U 71& 58

o=
AEdsS %—TUH%ﬁH’_ O'Ef r IElr AEFd 7= Qlot A7t LMoHHA AH|AS| 42|H
=0T =0FK[AI Q= A0[ ARHO[CY

= BH|&2K(Tesla) 2 X7t T&E2 X3 0| A0 2l5HA

S SEHALITF, SISO AFIREZE Az 2018E =0 2B{(Uber)
N xngstf H0| 4= HUHE &, 2 FSAIT Lliot0o] Afet A0 QUULE. O[0f 2t
0|2 AtsAt ™SI(AAA, American Automobile Association)Z7t 2018 AA|st ZALY| MEH O]=
2HAe| Bt 73%7t A N AEFAAE S 40| GO, NaFalRi7t HliAt 5 LU et
C2E QM= AT 201 Ly)|= 402 ZANL T QUL

2L O|RE2 R SOHH=(NHTSA)2 AEFAXIZ0| IHOIA| ZT2tE X7(0] A0 Ssk=
A0l H71HO2 WSAD MU A0 =z50] 2 A2 Glyotd ATt 20200 QUZHEC 10%

OrHist AierdlxiEs MY =RiotH, 20400 2t SRS AL =g W2 of
52T Fs O HE o UL EAMotil ULt Ol2fet 2401 Wt AksAt OEM H T 7|fS2 A%

TR RtB7aRI20| ISZHANIOIN SA 2R HO2E QIX|HAL)
SIS B U QRS HYISH 4 QIEE TRt XM MM I Y OFFE 0|F&KRedundancy)
SIHIS S5 AR AR OOt MRIT S S5t | YEA Bk ULt

Xt xs 7|a Tk o2t Faol
2H0|CH/|0| 59| QXA T4t

:Ig
O
Ral
%

H [} —
Kt Al0f] O = OZH0f| MOHE2 AS6H/| flet LIO|EH|ME SN = MM 7HHIZHIR,
Infrared camera)2t Z2 ubolometer 52| MIAM7F ME| AEHE 70| O A= 11 QICH

ot 85 AFEE dld 44Eo| XS XS 82, A2l HolE 2K, 2742 Holy 47,
A E= Tri-focal 712t 1 7H, Z13H4 702t 874, ubolometer 1 7H, 2HOICt 474 5 Cest
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Sensor Data Fusion Strategies : Levels of AD with Sensors Requirements, NA and EU, 2012~2030

I Slons
z Level 4 Sensor-L5 ASC
Tg Assisted Full Ultrasound 8~10
5 [ Level3 2 > RagalR 2
g Driving 52030 Automation Radar(SRR) 4
& m 2023 Comera(LR) ___2/3

Camera(su) 4
m UL Sensor-L3 Il | Ultrasound 8 Camera(Stereo) >
2015 Ultrasound 8 Radar(LRR) 2 ubolo 1/2
Radar(LRR) 2 Radar(SRR) 4 LiDAR 4
2012 SRV Radar(SRR) 4| Camera o3 |Deadreckoning 1

Sensor-L1 g VUltresound 8 Camera(LR) 2 (stereo/trifocal) Total 28~32

Ultrasound 4 Radar(LRR) 1 Camera(Sur) 4 Camera(Sur) 4

Radar(LRR) 1 Radar(SRR) ~ 2~4  Camera(Stereo) 1 Camera(Stereo) 1

Camera/ Camera 2~4  pbolo* 1 pbolo 1

shcrt-range 1 Total ~17 LiDAR 1 LiDAR 2/4

LiDAR Dead reckoning 1 Dead reckoning 1

SRR 2 Total 24~26 | Total 25~28

Total 6~8

* ASC : Average Sensor Count(in the respective levels), ubolo : thermal camera/IR sensor for night vision
(EX: Frost & Sullivan)

| 2201 | RESFURKY YU MM T 4T U 57

SF M7 YA A2 Ol 1l ULt

o L} X2l T A A ¢

At RAINE ZHHE T 28RS 2 2 E T EE =0 Al 2 dE w0l Y A=
2Eotal ALk ASAE YA Q| TSt OliAXIS2 Hots MHEFd &S Zdotl 27X
JoMES Zlastol| ol T 7|S9| S0 5

S

g
AtO| ERIC 2 AIHO| 2TAL HA AARI0 tigh 2417t S50k L= FAHI0IC

RISAI 7102t 7P HE 200 £k 7182, FAt 2, XIS HY A

S oF WX 7I50] CYS 852 ARSI 90N, NSAS JIRts HE02 AgaiLL,
210|CHLIDAR), 20IC|(Rader), ZSTt HAet 22 CHE FEH ST B AIAZYADAS) HA2}
B A 4 T

o=

S(AEB), M BUE
|AE‘I =

AEFH2 TMAS if |SXH2I(SAE) 7IF00| M2t 6HAZ F250, YHXO=Z Lv.3~b5
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~~ ~~ ~~ T re AN
2 Sz K2 &2 N )
Level 0 1 2 3 4 5
SAE Ne Driving Partial Driving Automated Driving Automated Driving Automated Driving
Pt Automation ) Autometion (Conditional) (High) (Fall)
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LU} BE 2H LU 2 LU} 2H Y0
g AP U ARTY HER7L 2E 21
@B G WA EHAWMIED oy ayer gy U HETE
b - - - 'f’”{!
i» i 1©» 0D
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B J —_ =
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PR 3 ) B
| 28 2 | XE2Fdo 6T 25
o L} XI2F2 7 |2t AA"> AR Z27| 7=

AEE 7tets ROl HO| APVE S/tEE A Met 2T HO 2
M= Aerd a0 HE AUYAZ 5dTotal AL E2 7=t
WA =0t €2 AES ot= Zti[=t7t 010 g &Ll =& & U A Xetd FH=kt

CHMIACHE, AZ2 2ta(2MOLY) 7HH2te] 27t S716td QAL

312 EEJIEE RISA 1 TS 2

S = 2~8M9| Jett HMS ERHotl A Eoh JHAQ1A
Z21E AsAPY 2530* A HSS ol SR8 M= 2 AFES obd AT 0= EEF Viewing 72,
= |

A
g5 27 A0l *3._* #—’.EQI ISES Q7ots A0l2td = o . = F&AL 72t 2=
=~ X

Ql-74¥I(In—cabin)at 0F2-7H¥l(out-cabin) 7|22 Lz 4 ULt
| Zlli= 1 1, Sof, =Y M2 9H31|Efa %% i Level 2+
oF G171 FllE 10 ALY E9, XS P ole AEE =2 72t ME
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AN

2|2 SAE(OI=ASAE S 2)0M 715XQl SHUAM Atadl BA MZ2t 240l T2, HAS
M2t 7|&2] 5HA = Het0| GleL, Level 201A Level 2+THAI7t FIHe|HA, ADASSY
ZUR NEFTHA 7 HOISHOM, FI/HHOZ Level 3R E = Mo AkgZ3al0]2) HoFHCt.

L2 G171 20N M AeZdl HAH|(Level3)0flAf SHAS
=S =017| ?lof, E2 AFS0] TIAET UL}, Zol,

S-do| laliAl = 7H Ofeof A F ER0= LHEOQ|

M 710N 7|2 BH0| £7te/BA,
MNZ 2=517| 0f2e S0 A8 2
Level 3 O[AL0] H3HS AHBZE0IM A5
AN Sa S0le|T ULt

092 a.ﬂ

o

TiA B MAf(Fusion Sensor) BEIZ 71250] FEE 202 HOICY, 012 S01, FHo2H0/],
FH012H+20ICH SO| 017 2 4 ULk 0/0] 2RI JIE SUH, U YA FO DU YL,
RIS AT SARISS B Level 3 01440 452 4617 SIoH XSO 25t UL,

Y2t AEF HO| 3 O F0k= ﬂw SSHFIH2t/0|CH/210|CH ZSTp) AJAEIO| X|HEt
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o Of, FHH|=t M

ol 7ttt A= 7IEE

FISt 7= 27ARIO] FOFK|AL %

O os 22
M2tA 2 287 (Road Users), Z284
ZA(Road Boundaries)0i| Cigh Cf

2024 OI=EIEE - 2024 XIEA SHAE

(o]
|_

HJHE

A(Road Geometry),

Aot7| PloiA 214

AR
T

£2 90| (Road Semantics), =2

ZAM U EE S
0| =O0FX|T ULt

/

Viewing e
&

Rear View >~

Sensing SM—I?;IFOVGO

R " suM

2M-HFOV190° |

Side View(CMS) .
8M/5M-HFOV60°

/

/. svM
/ 2M-HFOV190°
/

.\J)

. )/
N

o

| Front View
8M-HFOV30°

|
i

" Front View

~" Front View
8M-HFOV120°

8M-HFOV60°

% Advanced Driver Assistance System (ADAS) and Autonomous Driving (AD)

\

(ADQ) : 10EA
"7 1. 2M-HFOV190" (4EA)
| 2. 8M-HFOV30" (1EA)
| 3. 5SM-HFOV60" (2EA)
| 4.8M-HFOV60" (2EA)
5. 8M-HFOV120" (1EA)

S = ol A H o
of QIAMEE Y| ffot 7|=0] JHYE D UL}, ot XAEFdlS
Ni=NelF A
O, X H2ats 2ot 7|12k 830 UCt
Side View(CMS) \
8M/5M-HFOV60° / \\ SVM
/ © N ZM-HFOVI90" A0 sy
/ N | - 2M-HFOV190° % Autonomous
b y. \ N\ . Driving Camera

= Sony, OmniVision,
On Semi, Samsung L5I

\

O[0i m2kA 72t 8 7[HE 3XH Q1A 7|%, T 7|8t Q1A 71&(Scene segmentation), RF
KMl 2 37| Q14 7], 201 RHZS QMG | {8t B Q1A 71&(Wheels), EHAl A1 283 214
71, OS 702t 88 7|8t 22 2F| Q1A 3 =X J1=(Full image detection), B2l 718 A2
Q1A 7|=(Range Net), =0 Q1A 7|&(Parallax Net) 59| Ci¥stl M2 Q1A 7|8 J{st

UACH, 120 S= 72k A 9] s FO0FKAL R

camera venTe e

XIHE FHHEL MM HEE T1E S

e7) @

U= FAI0ILH.

\

2.1 um

3M — 8M Class

Sk
oo

8M — 16M Class
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o HE. 39l 719 71 Bgt

M MA X=Xt ZHHEE AROA =2 7|¥2 Continental(5), Robert Bosch(5Y),
Valeo(ZZHA), Aptiv(0tHE) 2 Magna(ZHLILY, Veoneer, Ficosa, Denso 50| AL}

l Robert Bosch
™ MA 2HERE HHSHA AsAt 71s2 seole 112 Sa%H & olH0|H

5E Stz Za2E S84, MY Vs, AHM H UK, HHA H EE Iz S 41 A
X 7

’

23E1 AS ZE SFH 229 2H B AAH HF0| Soks ASAE 7HHE2E MiSotL
UL

‘
[

=k HE R AMHIA

Driver Assistance Systems
 Multi Camera System

* Rear View System

« Mono Camera

« Stereo Camera
 Multi-Purpose Camera

BURIE| 2

Hl Continental

B MA 2GR HHSOA ASAL 71es Seots UEX0 SESYMZ MAIL o 2ME Sal
NSAE 7t AAEN £ES MEotd U, MALt OFd S22 20172 =it x| DZ0fAf of
22.1%2] BRES ARGICE. FQ THO2 = Ford, GM, BMW, Audi % Toyota S0 L.

7t 2 HZF R Mu[A

ot QEXAF EE AAEI(ADAS)
« Camera
> Mono Camera
> Stereo Camera
> Multi-Function Camera with Lidar
> Surround View Camera
> Rear View Camera
> Mirror View Camera

?9 o

MAI H oHd

M Aptiv

X LX< OWZEDORU0| AsA EEL 252 MA 2 S50kl ACH, HEMALE MO[ZE| 3
AEXL 2HE(AS&UX) £ 22 At ZIEE, QIEHQIHE S KA NAH 25 3 S5& 2 MR} X,

e Vs 3 A oS Eeleh s off, Hof Hol 3 X MsE flot 820 7 24,

AARL S 0g ATEQNE 7HE ot QAT HEMAL MO|ZE| 3 AR 2HE(AS&UX) RE28

E35f| Daimler (59), Toyota (Y£), General Motors (0]=), Audi (5¥) 2 Hyundai (8t=)2 22

7360
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=22 NSAL HZEAC] 27t AfkE SFot= 7=t EFHE MSotd RALE
Ik HIZ 2 MH|A

« Intelligent Forward View Camera System

HEEHAE M|O|ZE| & « Delphi Integrated Radar and Camera System

ALEXt SFEA(AS&UX) « Delphi Integrated Forward View Camera (200 Series)
« Delphi Integrated Forward View Camera (100 Series)

B Valeo

= =
MZel 7t 2 SaeH| z’% 5H—H’:! N %

HZ = Mu[A

« LaneGuide

- Sightstream

+ 360 vue

+ Driver Monitoring

B Magna

QIE AAHE] HA AAR, ZM AAE TIYEY QI AAHR] SO AAR MA AARS HEC2

ofal ULt =AM LA, wsSHXE Q1A Xk Q1A WAl WSEE, 72}, AisFAt 5 EH

ITAAES MZotl UM, 360 Aﬂ% T 7HH2t, 2|0 | 72, 00|22 2 S5 MiEolil
i

7t g HZ = Mu[A

 Mirror Camera
« Camera Fusion

) B .
« 360—-degree Surround View
« Micro Cam
H Denso
A= ADAS(Advanced Driver Assistant System, "é.*._ —S— MAF XY AAR)E {8 A
AIME LI 71E HMESEL 452 A7 LIDAREICH AZU)eE &2 & 22| 4%
250 tiSok= 29 7tH2t0[C. & HME2 =QEMISAIS ’SBSI.JIW%AIA%'O._' 'Advanced
Drive 0l MEH=QA=H], Az 0215 24 MM SE MHCE MY =Y E4{(Bosch) &

A
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Yefelt.

FAA”(SVS), Ft 7t02HRVC), H= A
54 e FIHEHAR), 2TA EHEE AAB(DMS), As At & AH ZX
72t SO0I ACH, 2t 7|S0f S Thfet A= MSettt. Ficosas & MIA| 44

Hs d8otil 27 HIES BYoH olX| di=s

o AL 2Ui 719 71 B

B AMYA

HIE 7[EE 27| AMEHA = AAESAIE AerdAte] =2 Yot 7Y & iy 7HH2HE
AUMUUATL SEoIH, Mo 7HH LS| oy EE 7HY =2 71| 2002F 2A0lH| HMHAE= 2023
AT 500TF ot i 3 2024E0% 8002 tetA JHH0| HSolal ULt 55| TEE 7HH2tEE2
SVM(Surround View Monitor Camera), DVRS(Driving recorder)/Interior(Video Conference),
ADAS(LDWS 2J), Indoor Camera (DMS &TOF Camera), RVM(Rear View Camera), Finger
Print Module 0| ULt

H LG O|-El

LGO[=EI2 X|HE K= thj2t 25 WY E =00 ‘18s ol8
Ftolet 28’2 HX ofH 1S A AZ(ZH 4W)SIHME, HE &5
= d0IE HA. O] MES ArZolH HlX oS0l AR5 = AZt0] 7|& | APC= HE 11
PTC(Positive Temperature Coefficient) AXH7F AFR2E 740] EZRO|Ct. 5|2 7IH 2= 7|
HURTXERAAR(ADAS)E 7HHI2H0] S|EIE Bt HMZO0ICt st AigFas o &g
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= Mol -S07E 71 =0] A0[H XS HIR 7HH2H2| A0S
S HoI2 MGt Bl 820 ZHXR 0| HES 12 Y2
= o3| alXQ} ZIAEl X 0| KCIMS | OlE MEL
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511 HXS Hlo} PIXIREE BE 3 4 Tt
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YsI8 HE ATNY SXIS EfE R0 IS 8% WS F0jE 4 U Ho[Ele} |22

201592 H MEE 7tH2tEEs MY & MR SIX U=S Solf it & 7|0tSA=

RS i 2= AR S
o 7p) I APE =2

el ASAHE 72t AIE2 20193 37,8508 Z2{0A HEH HAE 6.8%= S7Io10,
2025'A0il= 59 6,1302F E{0| 015 A= HYEL.
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B AHRIISE AME AR
et ASALE 72 AE2 00| Mt FRF XE AL, HE 28A 22 AA-(ADAS)Z

g2E

- FAFAIE AA"2 20199 29 1,8302F 0N AR SEE 7.8%= S/fol0d, 2025H00=
39 4,1802F E20f 0|5 A= MY =

- Mt EX X A|AE(ADAS)E 20199 19 66,0102 H2{0AM HEHA AXME 54%2
=710, 2025E0f1= 291 1,9508t E2{0f| 0|2 Z{O 2 M=t

(EF9I: ek 22y

300.0

250.0
™ 2019

200.0
= 2025

150.0

100.0

50.0

0.0
FRXE A2 HEh X} B A| AH(ADAS)

o L}) sHe| A &

22 S2E TN AN 2

M MA MHSAEE 712 AlE2 20198 819 9,0002 F2{0|M AT HEE 10.8%= S7Io10,
2025H0l= 1519 2,0002F E2{0f 015 ALz HMAELY.

2019 2025
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B AHRIISE AME AR
(FHHI2E S0 ME A 72)

- 2R X9 A
202510/

- MO 2T HX A|AHI(ADAS)2 20193 289 9,640 E2{0fAf

Z715104, 2025H01l= 542 8,770 F2{0f 0|2 A= MAUECH

12,000.0

10,000.0

8,000.0

6,000.0

4,0000 -

2,000.0

AHIS

— O

TR M A2E

(Ft2t 7|20l T2 A 2)

- X2 7=t

20193 789 3802t 0N HEH &

2019 529 9,6808 F2H0A HEF JTE
969 3,6102 &0l 0| A2 HYELE

2024 Ol+2IZEE - 2024 AESXt eHa

10.5%= &7tot,
T YHE

11.2%=

e LI =)

= 2019
= 2025

HE 2L 2 A|2Y(ADAS)

8.4%= B7t5t0, 2025H0f=

1269 5,0002F EH0l| 015 A= HYE

- Held Fii|et=

2019A 209 3,2002F E2{0M ABH dHE

37.2%=% E7tot0, 2025E0=

1419 1,6002 0] 0|12 A2 HYE

- o FH0ijat= 20194 189 4,3008 ZR{0IM ML AXE

33.9%=% S7tot0d, 202530=

1069 2,1002F E={0] 0|15 A= HYE
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12,000.0 |

10,0000
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= 2025
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(Ftu2t & KO TOE AE 72)

- ZE| 72t A[AE2 20198 4569 9,150 EHUM HEH dEE 13.7%= S7tot:,
2025E0il= 999 2,5302F Z2{0f| 0| A= MUETE

- o= ® A2E2 20193 359 9,9702 MM A dEE 6.3%= S7tot0, 2025H0 =
519 9,8502 E2i0f| 0|2 A= HYUEL

(KHSAF R0l T2 7t02t AIE 72)

- 58Al= 20192 669 8,6102F EH0A HER JEE 9.7%= S7I6t0, 2025E0= 1169
6,1402F F={0i| 0| A= HY=

- &8At= 20194 169 5202 Ff0A HET dEE 14.9%= S716t0, 2025E 0= 349
6,240 E2{0i| 0|2 A2 HYE

(EHSl e )

14,000.0
12,000.0
10,000.0

8,000.0 = 2019

6,000.0 2025
4,000.0
14.9%
2,000.0

0.0
8% 48%

RIS=0H JHHIRL =

[

AEF AHOM =H 2FS QA ] et WA &et BEek= 20l o0[H, 72t
AN g5 Al J-o 28t 25 J1EL 0| A%t HAf H0[HE 0|&ot Al FHO| 8=

0
oHAlSte SRR 79| =2| QIEH|0|A BE JHHO0] ISO TC22 SC31, SC322t IEEE VT(Vehicle
Technology) SocietyOilAl 213 Z0|Ct. ISO TC22(=2 ) SC32(X17 |/ At 2E 2 A A0l M=
YAl HRets 2Fot0, A2 A= fleh 20|Let 2f0|Ee §5 AR BEE EPIE
2023 63 SC32 Z2|0M R QK| WA AAB(HE)S doh |2 oA, 2

o
EHLE= 20243 3NIK| RISGHT 1%} 39| JHE|E 52 A&5tD QLY.
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IEEE VT(Vehicle Technology) Society 45t AVS(Automated Vehicles Standards) 21 3|0|Al=
20205 E ADAS(Advanced Driver Assistance Systems) 2 XF8F3€ 2t0|Ctet 2|0|H 2
NeSQTAR 2 A W0 et EESH AIRERACE ITS(Intelligent Transport System)

=20 M= Xt ADAS AAEIS] O|0[X| ZEO| et HE2l/H 2016 AJRE(] 2023 Draft
& = 2 A =0l

| B 1| BESH7|7E YR QK| MM BE

BEWS HEY EZ9 0|2 Hue
1ISO/PWI113328 Test method for automotive lidar 1SO TC22/SC32/AHGL
1SO/PWI 13377 C?o?erat'rw.' interference mitigation of automotive 15O TC22/5C32/AHG2

millimeter-wave radar
1SO/PWI 13389 Teslrnoiho-d‘ for detection performance of exterior 1SO TC22/5C32/AHG3
sensing millimeter-wave radar
IEEE P2936 Standard for Test Methods of Automotive Lidar IEEE VT/AVSC
Performance
IEEE P2020 Standard for Automotive System Image Quality IEEE AIQWG
Standard for Automotive Radar Performance Metrics and
IEEE P3116 Testing Methods for Advanced Driver Assistance Systems | IEEE VT/AVSC
{ADAS) and Automated Driving System (ADS) Applications
Road wehicles — Data communication between sensors
ISO 23150:2023 and data fusion unit for automated driving functions — ISO TC22/5C31
Logical interface
| #2 | IEEE XS5 QIXIMIA B3 512t
[ IEEE At QIX|MIA EZst 3%t ]
2{O[CHLIDAR) #{0[Ci(Radar) 7t[2H(Camera)
LZHE ¥ IEEE P2936 IEEE P3116 IEEE P2020

Standard for automotive Radar

performance metrics and

Standard for test methods of Standard for automotive

B8 automotive LIDAR performance testing methods for ADAS and system image qualit
P ADS(Automated Driving System) 4 gequally
applications
TZHE S0/} 2020925 2021923 20161212

e3) e
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IEEE P2020 subgroup

[SG #0] - 1Q requirements/specification standards
[SG #6] - customer perception of IQ standards

[SG #1] - LED flicker standards
IEEE-SA P2020

[SG #5] - 1Q safety standards el

[SG #2] - 1Q for viewing standards

[SG #4] - camera sub-system Interface standards
[SG #3] - 1Q for computer vision standards

« Subgroup 0 — Image quality requirements/specifications standards
« Subgroup 1— LED flicker standards

+ Subgroup 2 — Image quality for viewing

+ Subgroup 3 — Image quality for computer vision

« Subgroup 4 — Camera subsystem interface

+ Subgroup 5 — Image quality safety

+ Subgroup 6 — Customer perception of image quality

B IEEE P2020 subgroup : AFZFA|AR 7HH[ZHO[0|X] FE) BE

IEEE PZOZO: 2igs Byofd Uzt 7|=ES ddotr| Pl A—FAIAHNAN 00X SE2S

g5 igam Flet HEotd 2 HAE YHS FYOIoHH, OEMLt Tier 1 A|AH SEEMLE
tSAH ADAS 0[0|X| £2 &3 BE 7|8 AFUA 0 K WS EO0[obA ot=
s 2T (Scene)0ll A 7tH2t A|AR SIER0] ZAS BI0L=

o
e %EB.W(I OIUIKI 7&%— Mols ZEoh=s BUI 582 & €89 001X FF A=(QF, Image

0| BEO0IM TR = 7t 2L XHFE OHE A 0[H0] Ruatel EF K9l fl== 02 HAE AKESt

=2 Al0F, HDR(high dynamic range), O S2 &S 2% #HQ| 50| QIC}. 0| E&E2 Xt=At 0|0|X]

SHO| 2 HEy A ot XIE(KPNE M&ot T4 S5 A7t O|0|X] XM2| AJAEIC
I.

O|0|X| ZXIS §8X0OZ Xo| £X Mus

W X232 9|5t MM H|O|E OIE{HO[A EX

ISO TC22(=2X1)/SC31(HIO0[EHSAN/WGIIA 20| A ) M= AEad 7IsS flet M
QIHH0[A HE(SO 23150)2 2021H=0 H1HS HASIAL, 0|% FItH= 7|[s2 E&ol|
=14
=1

Floh <18 2)2 20| AEHQI I AS Ttot? UL 22 M2EH2023 6E)7HA| L oA
WGO 2P| 2 SH= NEF AN FH J-IXIE ?let 210l 0|, 7iH2t, =20 5

CHefet et OIS E.foto] THOL| flet ARE AILABEY YR =21 QIHH0|AS MSoh=
p

Z0[Tt BEIHLO| Fe=2 SUO0|H, Tgdt 22 7|-/71H0M FoolH BEaE T 0|0
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ISO 23150 4IA QIE{H[O|A HFES} CHA:
O] EE2 A W 2t Q1M MMGIE ST, 20/H, 210 ST
Mok, MA H0o[&0 Iiér A FHO| HHE oifMote 88 YXI¢t
TS QHHO|AE ZEA/QOIEN B S M
O] X(feature)2t ZAX| &0 CHEH FEELE OfL2t 2K $(01|% %E‘
ZR)0I Tt HEE MSSCt 0] EE2 M7|/7[A QIHH0|
QIEH|O|A ot M2 =Tt

=

=8 JE20 7|t
EI_| -” o= 7Hx-|| I‘II‘I
pi=Ct EAl H|0[H

[>
02
m
>
OHl 0
_O'E
Rl

SO 23160 HZES AT L7t 25, 71 715 QA0 HQHE/0) 2022 HE 2 BAN%S
ARSI, ECUBBIERNOIA MM HOJE QIS 93t OIEIIO|AR A 470] OIEEIOJA A

WS (Free space) M, WSEXL St 22 FEE F7toks X5 SHEZ o,

SN = K2R iy 2E0 thst A BES FTIH0] 24X PAQE EEAT &
SEAE 2Hotn = AEXT ASHXISOM g5 HS 0| Uist SHE HMAloH | 98t K24t
BESH 2 Aot IMEE(EH0IC, 2|0|H, ZiH2h) S7HESE AP0l 2D QI AXMEE
S| (Mirror committee)?] A&t I MAXQ 7|&S HAUASIH I7IHE 7HLS #Ist
2S5t UCH, XtXt £200| thet QMU HE QAR thet SAEBEZESI0 TS| 218
U BEOH HY 2 IS FHIVHE 2 US A2 7|0SHT.

® 32 @
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08. F2J|9] V2X 2t S 3 Ol»

H1
14

5

ro

r_9

V2X(Vehicle-to-everything)S41 £+215}

O[KCLt, Zt=9| V2XS4! Bt HEE FH0| M gk F2|=o Zof M2} V2Xe= Cia
FEMIZE 2 AT V2XHARE ME|IAVE 2AMO 2 THET | 0| AZH0l =-O 2 HIES2
O] ATER7| WZ0|C. =M™ Z=0| 7|E2Q] Z2HRHSL(DSRO)YAIL MEAH Mt

-V2X(Cellular V2X) E0i| 01 HAlS SAEZECR MESH=7IE =10 2k XY O|sHHAKXIE0|
H0i[ofA thEohs HEHZ T7HE|RACY.

of BE, 7l&, FH, £X 5 2 gojgR T2
X

ron

™A T
> I oz O
2

e

O
< 0

ZUHOZ Q=i ot=2 Qe 7|7F A5 A[-MHS M2 DSRCYHAIMA C-VaXdAez
MetoIRACt. 55| 0|70z DSRCEAIL C-V2XHAL At0|Q] S41 BFO0I| CHEE =& OfL|2t,
V2XAA t0] XXREIe 55 EF V2X 82 2FEHUE 5.9GHz Y & YRE OUE 8=

H&ot= ‘M0 2R D=0z &3 S 11 L2us &3 HA| J 7[20[ 0jA

EMHESI(FCC: Federal Communications Commission)S HAC 2 ASS H|7|6H | = ULt

[nn

}.

- 0

9 T3t 71Z2] DSRCYA S42| V2XHZOIM 715584 o8 53 0IR2 C-V2XHA0| 1YE
Sl 28 0 YHOR EURIYS| BBS JHYOISILL” U2 oA 7IZY VaXSH 148
760MHz £} DSRCHAI0IA] 5.9GH: %O £717|2 31 C-Vaxeig Mexoz AEsin
oUC?

232 =3 2o e

02} Z0] V2X&4l BE
0=, 78, €= % 719
O] AN = 21Z Sof Ef% of FHIE ET$EIf oLt 2, =2 =71=9] V2XiEzE o g4
Hoto] g9 =d=s & EM M=2 CHAE Xf2] HE2 C-V2XSA BEQ E88 Yot T,

= =
A Q0| VoX 2H A %6* 9 A7 | SEHS LOH TR I

o =

1) ITS AMERICA, AASHTO TAKE LEGAL ACTION TO RETAIN 5.9 GHz BAND FOR V2X TECHNOLOGIES
2) Directive = 2010/40 - EN - EUR-Lex — European Union
3) BIEET 7> 2>7 5> (BUSINESS NETWORK)
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ol v2XeI7I?

V2X(vehicle to everythingye E22 & T2 0|2XtE S1Z5t= E41 2 MH|A XA S Lt}

W, Connected
i modisty ecosystem

(& 5GAA)

<
N

XHZ|o) DEMO| B2 T2 olaL W T2 02X 70 91| QL= HO[HE 2MEAS £3
510, IEAIT APYAIE 20|17 BT ASIE, ZHE, MM HI2S S0l Z0|Ct 07|14
VXA 2 4 01y RESZ30| Tk QAR HEE|RIM V2XAS] 2EE0!
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V2XSAIIEE 24307} 810} pp=

o 7P V2XH|AH 2 713

V2XHA = FASL MAO[LL 5.9GHz WF9| MIAES ARE It V2XA|A = 19990
0|2 EMRYS|(FCC: Federal Communications Commission)7t 5.9GHz ¥ S
EXMATS: Intelligent Transportation Systems)2C 2 XMHS LIHSHCZM HTHOZ
Ct. Zi=0ilA= 5.9GHz TEE 4 =X0| OH TS 822 ME5I=S XIFotRAct.”

og!
58 El

0] 5.9GHz THYES AFRSH= V2XAIAQ| EAILIAIS F7)| |[EEES02.11pHEZ 7|80 2HE|INMIEA
(DSRC: Dedicate Short Range Communication) 2410t 3GPP HZ& 7[Ht2| C-V2X(Cellular V2X)
YA O = LIFCH

DSRCHAI2 0|22, 5t S0 M= SAE(the Society of Automotive Engineers) BE&S 7|HIOR
™= WAVE(Wireless Access in Vehicular Environments)2t Q&M= ETSI(European
Telecommunications Standards Institute) B&S 7|BIO 2 2HME [TS-GHE LI, 0] & EfAle
DSRC Radio 7|=0f| 7|&& F11 UX|TE M=2 S2te|X| pI=L

C-V2X gAl2 CHA| 3GPP(Third Generation Partnership Project)oflX X&dt= Release 14/15

7|8t9] LTE-V2X2} 3GPP Release 16 0|2 HEZQI 5G-V2XZ LIHLCE 0] & AL Cellular Radio
7120 73S 1 UXBE MZE SeHeX| L=t

| B 1| =7HH V2XBZE $12H(2024'4 88)

N sS4 By Radio BZ xg 27}

712 HREA WAVE 802.11p St 8= — C-V2X=2 HZ
(DSRC) ITS-G5 802.11p 93
MIZ3 \V2X LTE-V2X 3GPP Release 14, 15 0= =2 52 o3
(C-v2x) 5G-V2X 3GPP Release 16, 17+ AFPEIORIHIOF

o L) V2xEX EF2| Tlset ZY

DSRCEA= [EEEZH HES HiEet 20104 0| v2Xe| Ret HE&0|UL. 3GPP7t C-V2XEES
M MEer 201797HX] DSRC E= WAVEZ} V2XS4ld S2|0{= A0|7|x STt 2017HA0|

0]2 WEVE DSRCI[HIY V2V EA1 RHIZ A7 K20 9202 KASH= NPRM(Notice of

4) Y22 V2XE T2 760MHz tGS AERHOLE, HAZIRI FM|0f 27| 2I5H 5.9GHz tH2 2 Metst= g HESHL QUCt.
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Proposed Rulemaking)g &H5I HAEZE A|Zot¥OLE, EHT HHEO| 7K A5t HiHoZ
Olol 2|E SQU=|X| EULH.

C-V2X

D2D LTE-V2X LTE-V2X 5G-V2X 5G-V2X 5G-V2X
3GPPRel-12  3GPPRel-14  3GPPRel-15 3GPPRel-16 3GPPRel-17 3GPPRel-18

1999 2013 2014 2017 2018 2019 2020 2022 2023 2024
NXP Qualcomm SIS | TE-V2XA{E]  LTE-V2XAS

Roadlink 9150
UEoFrtl:'lgsségﬁgz EUDirective #2 —————— EUDirective?td 223

US NPRM (DSRC) US NPRM (C-V2X) AT

2004-2010
802.11p IEEE 802.11bd

(NGV)
DSRC
DSRC&} C-V2X 2t BZF Aol HA}

0|2+ 20| DSRC7|gte] Dj=9 HA|at AN S50, 3GPP= Release 120 H2l&
D2D(Device-to—-device) EA7|28 220510 V2XE &t P EMHEF(sidelink = PCH)S

3GPP Release 140iM X5 M3t L, 0|F YEtM o= C-V2X(Cellular V2X)2t X|&GIAL.

DSRCHW% B340 245t a9 IEEE(Institute of Electrical and Electronics Engineers)Zt

o= V2XEZO[X|2, C-V2XHAZ =2 SAIAL SAEIEA| 3 FH|2[AS0] &0ok= & 40|
%*5._* 3GPP7} =ot= V2XHEZO|CE ¢ J30M & + AUX0|, DSRCEEZ 2010 MgE 0=
2022=04|0F IEEE 802.11bd (NGV: New Generation V2X)2 &t B 772|0|E% BtH C-V2X
HZ2 3GPP Release 142 V2XA|IH0]| RISt 0|F 2024 72 3GPP Release 180 M7 (71X
719] 1.5 A0} F0|=EAUT, RO 2 K| A T20|== KI-O|Ct.

C-V2X TF0| 0|F= =/t8A HEEs Ye0|=ot= Olfs WS H dBES 59| 2k
UNZ F=HQ S22 BEs 3o HOASS| #Y F0[0. V2XEE HES flet 3GPP
Workmg Grouplil 0otz 2|MS0] LREHCZ XA Eo6] H 7|&S EHFol0 BES MEoE=2

= A0 22 IP HIE0| LIEEO] Tt &, C-V2X ZFE2 BEAY Y A2 S8 0|22
7|tiot2= gt Q1 XS 7Is/Hdn BEMEM £ &2 Otet, 2=0[ V2X BEC=2

C-V2XS AEtS 4 QITZ BINE ZHPU|T 2 X3S SYUSIC TRLM, C-V2XHAI0| 242
BEZOZ FfEi =2 \/2X AKY AR0| 2}
REA HIES TR

|27t S01E 20 OtL2t Sof ME -0 BIEE XtAL 7|1=9] IP Ak 7|t
A OICt 6)
T AMHL

=
N W
)
Y]
o
=2
0z
=
ret
ofm
R
R
ofm
r=
=
g
>
ofm
r=
e O_>'|_
os
z

5) CHEXOI C-V2X 25 T2 5GAA(The 5G Automotive Association)Zt UL,
6) HUE|E7} 5G-V2X 20 EGIEH LG-AMMO| MIA 122 (Edi=A 2023/06/06)
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HtH, DSRCYAIS FLlet G2 4= s = 2 2 34 & 2F 7[#S0IC 0|
J|H4S2 2 7|7 DSRCUA0| 7|8t V2XHMA 2 MHIAS S+ttt ZX =20 2t
284S HSoIR. DSRCS2 T2 S&/1HUS0|E2 HYHCZ BE L2 0|ZAte] eHdll
HOUS V2XAA =9 @=H SX2= ottt

0|Z/ F2 ZZHEIO| X|X|2 HH= DSRCEAIT} F2 7|PS2| XIS e C-V2XEAI0] ZMaH=

JH20| A I k2 Oj=0| A ORI 1 e Huik= LS 2.

—

£ 20174 19 E[E0| V2X #H3t Al 0|9 WER(Federal DOT)= DSRCHAIS 7|stoz
st V2V(Vehicle-to-vehicle) E41 HH|E Al X120 QJ2XOoZ % iﬁff HOtO| CHet
NPRM(Notice of Proposed Rulemaking) =%I. 6tX|2f 0] A8 EgX Ho| A 235}

Oz ol 2F UK 45"

o2
_L

201749~2018E C-V2X 7= s & HAE: C-V2X&A0| SEGHHA DSRCHAI| st
THOIOR FAIE. XISA HIZA EA BRAKS0| C-V2X 7142 EIAESIT TYsl ZRIus
213,

rl—-l

20184 122 DOTY| C-V2X HAE 3i2: 0|2 WESE DSRC & C-V2X 7|1£9| 7548
LIK5H| Qo C-V2X 7|= ZE AIRP

20194 128 FCCO NPRM ZH: FCC= 5.9GHz tg9| 84

SAMEZEZS DSRCOIA C-V2X&2
HZASI D YT HSHS HIHSZE(WiFi)O 2E5k= NPRMS EH’

2020 11& FCCY 5 #4 YH: FCCe 2T 78S YHot! 5.9GHz Y9 8
HASHE Z2™S WREULC 5.850-5.895GHz 2 H|IHG| AFZ(0f: Wi-Fi)0il, 5.895~
5.925GHz L C-V2Xof &dst.”

+ 20214 68 FCCO ZH0| githoty O|ZXsEUEMAH /(TS America : the Intelligent
Transportation Society of America)2t 0= =2 WESZHES|(AASHTO: The American
Association of State Highway Transportation Officials)?t AZ&K|7|

+ 20224 8 O|= 2AHA ITS America & AASHTOZL| FCCOj| CHet A& 7[Z=C =M 2020
11€ FCCY Z2F0| f&a &."

7) DEPARTMENT OF TRANSPORTATION National Highway Traffic Safety Administration 49 CFR Part 571 [Docket No. NHTSA-2016-0126] RIN
2127-AL5b Federal Motor Vehicle Safety Standards; V2V Communications (Jan. 12, 2017)

8) DEPARTMENT OF TRANSPORTATION Billing Code No. 4910-9X Office of the Secretary [Docket No. DOT-0ST-2018-0210] Notice of
Request for Comments: V2X Communications

9) FCC Seeks to Promote Innovation in the 5.9 GHz Band (FCC, Dec. 12, 2019)

10) FCC Modernizes 5.9 GHz Band to Improve Wi-Fi and Automotive Safety (FCC, Nov. 10, 2020)

11) U.S. court upholds FCC reallocation of auto safety spectrum (Reuter, August 13, 2022)
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B T2 EUOIA ORI 1 k= TSt 2t

- 20104 REHE= II%%_'EAI*E“(ITS)OH 25t XIEl(Directive 2010/40/EU)"2 YH,
=L

O ITS AMH|AQL OS2I 01 BIZE ot T YR OFH (ZA

- 20194 38 QEESRM|A3|(European Commission for Mobility and Transporty= 7|& TS

23 K& (Directive 2010/40/EU) BMatol/| Aol REIQ2M MEOIU L, REsl= BES
Sof offd Eets SUAIY. e, REAR0/Atel= DSRCEAS 7|HL= of= 0] §ets

= [}
g 89 O|R2 B =M DSRCY 2] V2XAA BHM=t/t =&

20219 128 SECEEAYHEETt 7185 S WES Z&et 20104 ITS X|&(Directive

2010/40/EU) 7HHOt ZHEH

-2023H 102 3 7E22/0A, 108 23 O|At=|0N REIGetEYRE=/E HSet Eoto]
S2UE0 Tt C-V2XYA0] 78 V2XAHA M Te =+ UA 2

Ml i k2 e oA 2OIRT.

12) Directive 2010/40/EU. XZ(Directive)2 il*E%?'%
S T EAMEA A MBTL QRIS C-ITS T S4

13) C-IT.

-2017H 58 o=XsAUSH A =al= DSRCEA 7|89 “XtMTH ITS MH|A 44 BE'S

Mot V2XHA 752 7|¢ts O

- 20183 - 20223 DSRCYA| 7|82 A2 I IIM-NIZ, gF, 24, HF, M2 & TAI0A]
C-ITS 23 & AlgAIY T

+ 20224 - 20233 HEXZ FIot ‘C-ITS 8475 dsAldd & 'C-ITS 847|s ds HlW

A& S £ DSRCHAIL} LTE-V2XEA H| 1 A

- 20233 12€ 9/ HW AIY 21t S HESH C-ITS HY S ZY ME7t a7t
C-V2XA] S0f| LTE-V2XE T VXAl z Ay

- 20249 78 WP | HESAR E YMMATLY TAYS S5l LTE-V2X S4IEA0f s
HNEst ez, 0| I} Z2ENERE st2E2ZAE Sl THR-MIZ LTE-V2X A||H 7= AIESE

s

|2h At - EHO| ME2 S|H=0l 72

2N
JIAIS LTE-V2XZ 617|2(2023. 12)

14) ZYTLATL TA| H2024-10% (2024. 7)
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Z2X02 24| VIXSMUEZFS 79| MAXQ UIA 71Z0 DSRCYACZ LH

=
C-V2XYAMOZ OjHets 0[F4 QU O] F2=9| V2XStEE Het HYs Sofl ¥ + U=

=S Ulfet Vs =Y

VXSAMBES St 7|71 =3 IPE0A V2XAA EI0| XIHAZUL, V2XAA =g Sl
ge o+ UG 29s A V2X 7|=0 tet *E H 4 Mg nof et =ds #0[1l U=
SOt WEALD AMMAL ZhAEk= V2XAA Q] 22E o|0j= 7tz ACt,

- ANYH2 O Hs

C-V2XA0| A B SOIS C-V2XHA| £ Sf 0128 7ot BEe 30| o 7|
T20ICt 5, DEOKN, MEAT AWK 242t oI Tiat SZUIE HOIKL 0104 7|chet 4
QU NIRRT} HSE T EXI2} 7|2 Rls7t QojLtE 20[C,

ZZeR0| ot

JZOD DSOS AIS0IR 22 A5 Ut M Y ZTLEL V2XHA Nt 230
7I8H0] Sh= (1) BEQ| B, (2) ©13t HIZX 719t 0121, (3) LB QU= VOXSA MBS RB5H0r
AV oio] AT SRS 7|ThE 4 QUCHE S V2XEE =4S Sof KEeIsIiCt

RHAICH V2XSA 2 bG-V2X= HE
Kt DSRCHA D C-V2XHAI O] ZA™E Z= DSRCYA M C-V2XHAS| &iRYf 7|=Q1 LTE-
V2X2te| AHO[UCE XIMICH V2XSLEZE| oAM= S3LIFE, JXIE & A 8lo] C-V2Xe
2 H&Ql 6G-V2Xete Ao 2= F710|M AoixtZt A Tt DSRCHAIS| XML HZQ!
802.11bd(NGV: New Generation V2X)2 HE=3t= 202230 2257 |= SIQCLE 0] E&2
XMt EE=C =2 AEodk= =7t= A2 giCt.

A c-vaxsSr==0| it
C-V2XHA= 5.9GHz IS AtE6t= “A™EA(Direct Communication) 2 EAAP H&Zok=
A2 FIE MESte HEZHSA(Network Communlcann) S ToSH= A 0ICH £ T0|A
KZEH C-V2X E&0|2t1 & M= 5.9GHz HE S At&ot= RI™EAM(Sidelink £= PCH)S

EElsy

Ex
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Direct

V2V/V2I/V2P in ITS bands (e.qg. ITS 5.9 GHz)
independent of cellular network

2024 OI*2IEE - 2024 XIESXH HARE MA U H
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Network based

V2N/12N/P2N in bands designated
for mobile communication networks

=13
S

£X bGAA

 SUIX| Dol B HS IGPPEES 00F|E 0 HEHSHS NEH [ VIXSAAZO
AHEMZ XA I X10|7} AUCH= A0|Ct

3GPPEZE Rel. 14 Rel. 15 Rel. 16 Rel. 17 Rel. 18

(M) (2017) (2018) (2020) (2022) (2024)

HESEA 4G 5G

(Uu) (LTE) (NR: New Radio)
SN
(Sidelink/PC5) L=z 5G-V2xX

HEHSAZ 3GPP Release 148 LTEZ X|&otal, 3GPP Release 15 3 &? HMS 6G=2
X|&otct, B C-V2XYA0| 2 &85l= AHS 8 3GPP Release 14/155 ‘LTE-V2X'2t

6tal, 3GPP Release 16 & M| HES B5G-V2X 2} it

o 7} 3GPP Release 14 sidelink

M2 -|E)k| 7|§% 7'(|-E_F al

Release 14 sidelinke 2E2{S4 g = 23 = =

C-V2XE=0|Ct.

- Release 12014 D2D Proximity Service (ProSe) =2 T sidelinkE ZEZ V2X 22
par=

- Day1 OFH MH|A 85
Y= 10/20 MHz

- Cast type : Broadcast

® 90 @



08. Z=HJ19] V2X Atd St 2 Ol#

 Modulation type : QPSK, 16QAM

+ V2X sidelink transmission mode— Mode 3 : eNB-centric resource allocation— Mode 4 :

Sensing based resource allocation

- Uu Uplink 7142 sidelink0fl &3tz 2PY0IA 2 74X 2X1E0] Z&(MCS-RB 24|, Near-
Far 2K 5)

« LTE-V2X sidelink It TS : Band 47 (5.9 GHz ITS T9)

Table 5.5G-1 V2X operating band

E-UTRA E-UTRA V2X UE transmit V2X UE receive Duplex Interface
Operatin v2x Mode
pBea nd 9 Operating FuL_iow = FuL_nigh FoL_tow = FbL_nigh
Band
47 47 5855 5925 5855 5925 HD PC5
MHz MHz MHz MHz

o L}) 3GPP Release 15 sidelink

Release 15 sidelink= Release 142 2X|&S H2tol/| et HHO|CY.

- Release 14 LTE-V2X sidelink 7#22| 2MHS 24tot7| 918t 8 74
A= 10/20 MHz

- Cast type : Broadcast

» Modulation type: QPSK, 16QAM, 64QAM(optional)

« SCI (sidelink Control Information)df| “Transmission format” 37t~ Rate matching 22t~ TBS
(Transport Block Size) scaling &g

« Inter leaving matrix size &8

- LTE-V2X sidelink 14~ T : Band 47 (5.9 GHz ITS %) HE 8is

o C}) 3GPP Release 16 sidelink
Release 16 sidelinkOlM= C-V2X £l 7|& 2 Use—case IHE Lokt MLHE F12E & AUS
o] §1|0|=7F O| R ORI,

HERZAIRE V2X ME2 SHE sidelink 772 =& Use case : Vehicle platooning, Advanced

driving, Extended sensors, Remote driving

A= 10/20/30/40 MHz

e9] @



Issue Report

2024 OI#EIEE - 2024 XIEA HALHE A U

=Sk
SS

h

- Cast type : Broadcast/Groupcast/Unicast
« Modulation type: QPSK, 16QAM, 64QAM, 256QAM(optional)
» Feedback 7|8t2] HARQ E=¢

+ V2X sidelink resource allocation mode— Mode 1 : gNB—centric resource allocation— Mode
2 - Sensing based resource allocation

« NR-V2X sidelink I} CHS

Table 5.2E.1-1 V2X operating bands in FR1

V2X Operating | Sidelink (SL) Transmission | Sidelink (SL) Reception Duplex Interface
Band operating band operating band Mode
FuL_low = FuL_nigh FoL_low — FpL_nigh
n38’ 2570 MHz - 2620 MHz | 2570 MHz 2620 MHz HD PCS5
n47 5855 MHz - 5925 MHz | 5855 MHz 5925 MHz HD PC5
Note 1: When this band is used for V2X SL service, the band is exclusively used for NR V2X in particular
regions.

o 2}) 3GPP Release 17 sidelink

Release 17 sidelink Oz BX7|s & 77|17t AHEEE 71s0| Z3H= QU

« Sidelink enhancement
— use case= V2X&E OfL|2} public safety2t D2D use casez 2
- UE-to-Network (U2N) sidelink relay

- Release 160|A= OBU, RSU & HAIME S50| 7ts8t use caseTh 112{6IU 2Lt Release

170IM= VRU (Vulnerable Road User) V2X HX|E 9ISt power saving features 7t

Table 5.2E.1-1 V2X operating bands in FR1

V2X Operating | Sidelink (SL) Transmission | Sidelink (SL) Reception Duplex Interface
Band operating band operating band Mode
FuL_tow = FuL_nigh FoL_tow = FoL_nigh
n14? 788MHz - 798MHz | 788MHz - 798 MHz HD PC5
n3g8’ 2570 MHz - 2620 MHz | 2570 MHz - 2620 MHz HD PC5
nd7 5855 MHz - 5925 MHz | 5855 MHz - 5925 MHz HD PC5
n79 4400 MHz - 5000 MHz | 4400 MHz - 5000 MHz HD PC5
Note 1: When this band is used for V2X SL service, the band is exclusively used for NR V2X in particular
regions.
Note 2: When this band is used for public safety service, the NR band is operated with both in-coverage
scenarios and out-of-coverage scenarios.
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— Random resource selection and partial sensing
— Sidelink DRX (Discontinuous Reception)

Mode 20{|A{ Xt

o

| Z2=2 TJ513 1 Inter-UE Coordination (IUC) =&

r

NR-V2X sidelink == S

o O}) 2ff 5G-V2X&E FIgksk=7F?

| E2 | [28 1-1] ME[A0 M2 V2XSH 27 A R XHEY|

7= Day-1 AfH|A Day-2A{H|A
e 54Mbps O[5t 150Mbps O[5}
o (AP Y CHZ: |CH 20MH2) (AF R CHOIZ: £|CHAOMH?)
KGAIZE 100 msec O[5t 5 msec 0|5t
e 95% O] 4 99.99% O
BIAE 7|2t HAKIHO|E

Ciofet Famet B

7|2 OFF MH|A

=2 FA | iy u_R
- [=Nelbs A ANHE 2 A
JHIA 712 oAb A HRE S8 AHlA
NS
V2X B&E DSRC = LTE-V2X 5G-V2X

J|E V2XYAQl DSRCE LTE-V2XO| Hlolf @8t 5G-V2XYA9| S22 HEH, XNAIH,

112 HOIC. Of=fet e S 53 8010 7IE V2X P42z =7tsotAH: 70| 7tset

—

AlLe|@= Lisat 2t

A7 AT QT2 7 BB HO[ES WS XAAZIOR OFYXOo2 FIwgoa
X
T

2 QlTt

2 XHAZ E4E2 283t FAFA(Remote Driving)2 B QFEMO=Z Aagh 4 QICt
HAFHO| AR ST FAX|HA XS MO{SIE 2 STARF X1 M0 HHL| X|HA|ZH0]
U1 QG V2XA™HS A0 OfH HEHSAS 42 U™ £F 0[5t X|HAIZHS ERGHK]
4X|0F 5G-V2XEAIL ZXXIH E41 QoS(Quality of Service)E MEotH HAFTH ANCE
HMlogh 4 ot

=2 MZ|E2t= EMS UHIXMOZ 7|ZO] V2XHIAI| HIoH QOULEXIR} XE=IlS OFFMGHA|
oS 2 QUCH
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V2X Zi&H ot

o 7}) O|=2] V2X =

=35F
SS

V2XS LA CHet ME=X Hets OFR2(8 Oj=2 0l=ulsR(USDOT)Zt 2024 820 ‘Saving

Lives with Connectivity — A plan to accelerate V2X deployment’” A &S &Hsl1 0|2
Jgtoz E’—".’%*O._' V2XHA HHE et HitsS FRot ULE A=lS YHotd 0|8 7(8e=
SAXO V2XHA HMHE flet Glits FRotil ULt 0] A22 HR7t S8 FT 202t o
FHE=E OHOF%E* |0t ™S Heto| Hol HITS MAIRICH= 2|07t ATt

2023 2028 2031 2036

DOT provides seed funding/grants to accelerate infrastructure/deployments

Observable Impact

—.-——

Private sector delivers 5.895-5.925 GHz capable vehicles and certified V2X technology

3¢v2x summit () mm—y-1 12 ‘qr: is * 50

I.
Intemperable\m( Int bl VZJ( !
R nep..,,...e...: y; \".?;',’,ff;f,.eﬁts \ Interoperable V2X 1
-~
Mol . Deployments R4

DOT champions V2X spectrum/standards ™ e
-~ -

-—— -

Private sector;takes the |lead as the V2X market matures
Connected, Interoperable,
DOT facilitates V2X community building and develops benefit-cost pipeline Cybersecure, Scalable

Il poTAction [l 100 Action [l Frivate sector Action

Figure 5. Strategic, Coordinated Actions of Key Stakeholders Create
Momentum Towards Secure, Interoperable V2X Deployments

Source:DOT

O] A=A O]=2 2036EMK| HE, E24HRHXKIO0O0: Infrastructure Owner and Operator),

rds

|

FEol gg= Tt AEIS AR O Al2lE Q2fofH Off Zet &Lt
D RSR(DOT)E 0| YHS Hoiotal V2XHA HHE &
=

EZlot7| 2ot 2022~ 2026'—j|01| 19
S E Zal5H= SMART Grant Program'®g 7ts3ta 11, 0[0] Ci5t0 2024H01= & 6ot
1210] OAS EQSHE AT Grant Z2IUS WHSID XD 40| 7|2 377 ﬁgéfo:]

=14
=
SHEESIICE™ DOTEE OFLI2} D|0LIR|S(DOE) S& V2XHA SAIS 3t TR IS L1 9

15) Saving Lives with Connectivity — A plan to accelerate V2X deployment(2024. 8, USDOT)
16) Smart Grant Program
17) Avrizona, the Maricopa County DOT $19.6 million, Texas A&M Transportation Institute $19.2 million, The Utah DOT $20 million

18) USDOT Awards Nearly $60 Million in Advanced Vehicle Technology Grants to Arizona, Texas and Utah to Serve as National Models and

Help Save Lives on Our Nation's Roadways

® 9, @
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[#2] 0}2 V2X 371 AE 2% U RSU 42 £

V2X E21ng} J1= JHOof
I'.-i‘-E% FQ 75 A| AMsSshd oA} RSU
RSUZI&E MSEAIAHE|RSU ARO|HHE O ~03
HIg" XEHH|I8? (=2/XY 2) T
£p| . . i 2 OEMs / ASD
(2024 ~ 2026) 25% 25% 12 102/ 10 public fleets
=7 . . orc 3 OEMs
(2027 ~ 2029) 50% 50% 25 152/ 5 Models
27| . . orc 6 OEMs
(2030 ~ 2034) 100% 85% 50 20 20 Models

1) 0|=2 1452 (National Hightway) SH%: 2k 260,000km
2) D=3 WEAMSHI017| A& AAZ]: 2F 330,00074
3) ASHI0{7] 17101 & RSU 17|, DAE2 0§ 1km RSU 17| AIX| 715 2R

o L) Qo] VX Mz

ne

V2XS410] 760MHz T DSRCEZES ARZ5HR QUAOLE, Of CHE0lA Tt nte] 5=
I3 PRI T, HARL! FA0 $E5H7| 9501 SR40| FE6t0] 5.9GH: oo
A U J|&H el T QUL OFF| 5.9GHz LIS ABE V2XSA WAI0| ZHE

tL22, DSRC, LTE-V2X, 5G-V2X LAl B5F AEofil Lt

>
00 T
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~
o T1Ir njo rlo

N
o

2E510] MEHO|IEE2(ARII FORSA~
6HJHJESA)QI é!OF*I?JEHOH If%—’ﬁ—%'!ﬂ% E1| 25 2ol ZHlteld SO NEAZvt At
QIR HATHEFAIYE, Hol=-SATHEE S)0ll 2let 22 4 X2l E 32

o5t ASS T 0FO|T”

el
>

== FRE-FEMEER) | - ~ BBEERSORERR "
== HELFERAER) S .{ R y (%Tﬁﬂ#r“lﬁwémﬁkﬁﬁib =) ‘ £ ok
: / i H o [0
F i F % i
. I \[ = !{S :
/ 1—,% L H
\ j \\-.‘"4}
2% ; i
L, SR BEE !
N s
. A Tt Ve
FER .

HABILFEICT~KRICTRRK I EEIER (—HEHEREFHEMAEY) TOHRIETEP

AISTHURIS oIS RS BT E3 A5 M3 HUAGEISY)

19) 5.9GHZEV2GEIE DTt S ELICEIT1-32BE BLE(2OWT (2024F2829R, ITSIHHRBIES AT LHEES S BRH5-5)
20) Service Area
21) E£335EE E#Hhttps://www.mlit.go.jp/policy/shingikai/content/001623770.pdf) & 1) 51/
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o C}) NCAP(New Car Assessment Program) Sgk

NCAPZ LIxt9| QHddS E7total, AH|INS0A QHdsh At

4
o
SELE M. MetA V2XAIAZO0] MXte| OHHd FIH0 71 2°2I0] &= 82 s
X

o
HIZAOIA V2XAARS =" dEfet RRI0] EH V2XHAUA =2 V2XelEel=

CEAHERE/|1H0| §EotEE X 270 et §7 FE2 50| Jtsotk2, Al V2XE
 UZh 7182 NSAAE AFHO0 =F0] E[A] pP=HE MHEHOZ V2XAIARS AR
7|THok7 | Ot VXA 2fts loliA AtSAT MZALS] F0{7F ZAet 7124, 2

b
o
A3

%
NCAPS Sl V2XZ HAlSH= 20| AISA HEAIM Q25 4302 S012 HZstn Qct

[E 3] XE2FH(V2X)|0|Ef EZM|0|Lt Xt=E|(2024.8.8.)01IA 21

=
=

njo
>~
s
Q'E
1>
£9
HT
J
Q
oA
%
oz
HT

=1

7 m7pp sz V2X iR/ EE
2 (/_\ ALTIOEsO A 0.58(2.5%)
MNETY _
(25) & kNcAp e (20%) /107 82
—— e + 2026 Day1, "30= Day2 Al 0™
= & =

Dy

@ﬁmp + 20264 Local Hazard Day1 0.02% — 38 A&l 01X

(26~) EURO
2V/V2V S XFHEA7 |2 0 M Al 20% ZE

3= % C-NCAP Azt A0S 1.8758/(12.5%)

( 24“’) HENERNAE (,] 5@.‘) / 37|-| %!-%

« Local Hazard AH|A: DFRS(Data for Road Safety) A{EHH| 7+Q) Q|25 =X
Local Hazard HEZ V2N/I12V/V2V S Hybrid HEI2 FXI0|A & A1

- Day 1 MH|A : Mt £ 27, DIXZ FE 21, MM AMSHIL S

+ Day 2 AH|A @ XEEAI] I8, MM HE SR, M AN HE S

LHE

O/ SABZ0|S BEO) 7|35t YHS YoID MRORN S| Aotk BES K|

DEBIEAED SA AH[7F EQICH Sixf DSRCHA ZHEM JgAkE HIEZHES NXP7t

C-V2X 2T SeAts 0I=2] 3, 8=2/ of0|22|E, 28310 SO| QL. O|AAO LES
—1 |
=

30iA VxS BE Fd} Het IFEE AHERLED, FR/F o0 dRloks V2X =220t
B2, V2XEA! BZEO0| DSRCYA0A] C-V2XEAO= HIRA| = 7|20 XIZ7K| 7158t DSRCY |8t

22) 2024: Updated List of C-V2X DevicesStudy (5GAA, Apr. 2024)
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23) OIl:I

24) 5G- VZX‘.: QPHRt AEdls flet S

HHIS H7 ol C-V2X7 |8t FH|Z AMZ WAGHOF BICt” & SAULAR 5 58kd0] g7 =0Tt
DSRCUAO|A LTE-V2XUA2 =M= LIE SHYA0[E=

=7Ifoltt ] ofAf, JIELH, 2F=0 LA SHUA0[ F1|0]=

V2XA|AES AU D M22 BE9| V2XAIA”S EX[g A01F?

oM HS &= V2XEE S == V2XSHBEES| Het = YI14|0|=0] tiSole A2 =7FsolAH
HIGHHO|CE 0|2 V2XEAZHI0| SIEY&AI(Hardwired Chipset)ol 7|25t Q17| IHZ0|CE,

HerlE P TS0 U o Ee HE0| (gLl H[80] B0l =4, JZH BE V2XSHESES
ofLte] HO= ~ololH O S/t S7foll FAMIF0[ BOEILY. TN, £ SLEE E= Mok
StHEES o2 Foiottt. 12N, of=2)017] 8ol V2X2H2 TS wiotAL HHIS wA[oHK| =

Ol B ZIei0f tiSot7| tg ALt A0,

0]0f| CHS! CHOtO 2 RQtzl= 7HEH0| ATEYH 2|2 E(SDM: Software Defined Modem)0|LCt.
ATEQHHQEEH HE2 HERO| RET|S2 ATEY K2 F56HL! MAIZE 12 M2|7t Q71T
EMEZ XS HolK| e REV[S2 StEY ASIC(Application-Specific Integrated
Circuit)22 185t LA0[CH 0] B V2XSAIYA9] TS| ATEQ0ZE RS EH°°*
= U= JHE0[T. OlE S5, SDMHAS XEotH oIxfel B0l LTE-V2X0Al XIM|C H

5G-V2XZ 0|3l Iff St=R0| MH|E WAHISHA| 210 OTA(over—the —air) YAO2 ATE J|O1

r

o

_‘

SDM V2X ZE o3 |ElX 2IE 2

VX HIESIZ AEIP

Sw

C-VeX L2 ZE=EE AE P
SwW

(APOj| 7134)

C-VeX HIo|AY= SDM IP
Mod/Demod Map/Demap Ch. Estimator HW Chip
LLR Equalizer PHYCH handler

HW Chip

TBCC/Turbo Polar/LDPC § MIMO § FFT § Filter

ATE0HE V2X 2 vs. 7|1E V2X 2 H|w

= DSRCEA] 2 C-V2X YA RFE X|2H= Dual Mode EH|S AX[610] BE #H5t0l| (1SS ARE QIOLE U8RI Z42 OfLCt
X 7|20|Ct (=K 2024.07)
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Y0|ERC = TIEM EA[E V2XeIDet H AIF0| HAE V2XEHIE 2t = UL =
O HE2 V2XLgo Lereta 72 OfLal X1 HZO0|XZ, = ©
ML, 2|2 SDM7[EEO] V2XEEIO| A& VXTI M S &S

S5t QUCt

0|2t Z2 AZE0Y2ALY(SDM)2| &H=2 tiat 2.

L FH ZROIAS 012 2 3120 V2X Sl WAO) e =3 AR B3 &7I7t HH BMOR
Ol ARILHO| KIRIZIE ME7E UQUT ATEYOIR YT0|SE 4 QU= AAHS Ee5io!
SN B0 T2 RO DHHISS DOIGH OIE HOE B QS HA 280)
THSICE. 0|2 S S Sap ZST} MEIH HISS 5 4 9Urt

oM = At wH| 7| WOIA AHES Ao 50 OTAYAICZ |4 S MHIAS

r

AT EQO™OXIZHSDV: Software Defined Vehicle)Q| 7HE0] 7R Hatst 4~

Q815 TERE F0f QL.

25) =L KETI, KIAPI, KATECH, C-Track, ETRI S, 52| UAE TII, 0= NIWC, A7IZZ2 SIT M 28 &
26) Keysight, Ettifos, and Autotalks Make First 3GPP Release 16 Sidelink Radio Interoperability Connection (Nasdag, 2024. 08)
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09. MISRA 2023 =41 2! XIS 2ZE5NI0 HS SOH0H L 0=

@ ==
—

2023"5 MlSRAE 7:"_)_|.§I_‘||9§ I|_|5;l|'8|':'_ %E C/C++_E_|:é'|9_ té |. |. |.E EE-?—-”O‘I *|7§9|

Q70 tHSat7| Ko C2F C++0i| CiSH A7 MISRA C/C++:2023 7t0|= 2f01g E2|= FCt

MISRA C= 20123 0|F 12, MISRA C++=20082 0|F 16H2te] H+ HHC| YH|0[EO|LY.
= 7| 10A= PN ALE S MISRAHE L £ B 70| HEAMe &l A4 E55 dEotd

0|Z Sl MISRA C/C++:2023 M8 4= U= Wt CHall =5tCt. 7| 7t0|=E2RIE &4
HIWStO 2 M 4l 710 =2tQllto] X0 €S 2ARIotACH, Lt 7t 2 OlohS ?lai AtIE

TJotRAL. DXz J10|= 20l FHI0|E A] 2+2He|= 0|7+ S0|12AF SHA2= HYPol0f of=
HES =2l & E4oI%CH 0|2 Solf thsS Yet= MAlStLAt it

A0 HEE = ATE0{Q] He7t HE0| M2} CHfet Habrt Tt QU 2] 7Y
0] E2E FT £ Q= +FES FHE ol= A Y 7|e2 EFE ADASEHY 2TA+ X|H
AAENT} X2 710 EAIS E3H AHD YiX|, WE S22 JHME 25t V2V(Vehicle-to-Vehicle), 1E
MSS, B2 BAH S QII2}eto] SIS Sol| MARE nE FH, =2 A& HES5k= V2I(Vehicle-

to-Infrastructure) S CILSt 7|=0| X0 M2E| 11 QICt 0]2F GE=0 UN Regulation No. 156
SUMS (software update and software update management system)= Atk ATE Q{2
Azl 2 ML =20 OTA(Over-the-Air) HHOIEE Salf 20Hg0| HX0l AeRls

dZofl AU

AHE ATEYH(Automotive Softvvare)E XHHo| of
M|, YEHEQOI AT EQ|0Q= CHE H 71X =
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orRiA - IS0 262629} 22 715 Ot BES &4
orig T AAB] 0w A| oo MSoLI oo SR 4 USSR B
(Safety - ATEQIOl= QRS ZR[GHT 0/0] LIS3HE 7152 RS0 AREQ! 23 A3}
oty - AjOIE| ot )
: - X2 WEQITZ 95 THORLE 5
(Security) — SW= S0l M O Hl0|E| HAS UK[5H| 93t HO M LS TR

« AUTOSAR(AUTomotive Open System ARchitecture) &
- ATEQ0S| ZE3}, MAEY, 0f4ld et

+1SO 26262 7|5 A HES &
— QI 2 AJARIO| T T2 M| A FO|

ox XA
o TT

(Standards
Compliance)

A8 ARSI Ty, G, ARG, MOy S LR 87 APE Su0 o, O

o | I y E
TEo| MM} Q2 Y TRHAS LR BTt 0[2{3 SHSS Aol M5t AN
(£O1=E 71015101, S7) AR} AMRION AZIAT O SIS Siff HIBHO 2 ABSIMISRAC)
S} i)

MISRA(Motor Industry Software Reliability Association) Coding Guideline= AFSAt AHS
H|Z25t CIUst 0L Z=Q AJAEIA ATEQ0{Q] AZAD} OFFA HOMMS SHHEH| Q5 et

=

A= O - -1
Y BEOR AYR ADEY0S] SHI 02 QABITL XS ATEY0{0] i3t MISRA
MBS BEr| OfohEt 4+ UTE XY A0 Et SHS H2I3t 22 SUsPH MISRA

Coding Guideline0f| CHgt =& 2t EXZ 022t 20| H2|5IAL.

I 2] MISRA Coding Guideline £

< LF UK HUE sy
- RXEQI IR 2 QB0 HIIE HIXGH | st 71212 MZ510 safety—critical systemOi|A]
St o&F Chot
— =2 0o
- AATAE FAZ 0SSO =M HIHY SES YAoK 2T iy
< ADSHATEQN] T
- HE22] 22, oI ARE, TIOJE EtR) XM2| SOIM ZHME = U= AITE SU=M AARS AT
A 5
o

PYMOZ XZoh= ATEQ 0 A2 BX0| 7|0

F

A
>
ro H
X
0|
b

I
bal
™~

0

M LE SHE FAlote 9

ISO 262622 22 7|5 ™ HZE0| safety—critical system2 AZEQ|0| E&1 ME|dS H&

2 flol &
MISRA C7t RiZE ATEY0| H& HAEQ HO| ABEE 0|R= oy, MEY, BE &=, 45
01, orgd 3 =AM XMe 5 Cidet SHUM AZEQ O] AM=ldi FAHS 286 | Hz0|C
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EZXEL safety-critical system?Zd3 HHOA 5] SQ5IH, AHHE ATEY | =2
3 HOMYE RAlot=0l EHO0|CH 220A= 20239 Al 22X E MISRA C:2023

251D BT AEFORN AYS ATE0{0] MBI 4 = NS0T ZIHQI TISS Yot

MISRA C:20239] 2 YH0|E WES Felol EAH A & 57K HF= F12ol = 4 U 0]
& FQopA HHE Zt9] Blu R A LES LE= 370 7t &=0 tielf #AX2l e H NS

Z10A HEXO= THE ZA0|CH.

[2 YOI0IE]

- 659 22X YH|0IE &

« C11 X C180i| CHEF New Features K|

- 7|& 910§ Feature| CH3t 57} Guidance M2

» MISRA Compliance:2020 7[2t MISRA C Compliance Z&0i| thet @& guidance MiE
- C HZEO[ O 0| Cer 2% Al KIS

HE, HH0|E EF2 7129 652 =M YHI0|E S&ol0 47 1501 SHEUC

MISRA= MISRA C:2012 KX HHO|E I HAANY0| EXY 42, 7|& WES B, HE,
H7H5t= Amendment2ME TH4dots ZEMAE ARESHTE. MISRA C:2012 HH EE2|X 0|1F &

R

Amendment 451} Technical Corrigendum 25 £652| 28 F7t2 2R 5, 24 &

20| T2t H23 LIRS TEBI0 MBSHALL

—

Amendment ZA= 7|E 2|2 HEHO LI B4 ¥ F7I/HZ0)| tiet iES Zalotl ACH,
Technical Corrigendum2 F2 A2 Aot HHE QLEX U /M7t HRst W8S
=2 A%t MISRA C:20232 MISRA C:20120 et LIS 7|82 2 Amendment 2}
Technical Corrigendum= 7|8t 2 $t HH|0|E HFO|7| TH20] Amendment 4Z1+ Technical
Corrigendum 258 M| HESH= 22 MISRA 20230 CHEH LHES 2f0I5k= 24t SUsHCH T &

2 QT @MHOZ Amendment 45 A0 Lol 38 2 LS AJKO=E ot
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MISRA C:2012 Amendment 1

Additional security
Euidelines for MISRA C:2012

(BX: MISRA, https://misra.org.uk/publications/)

[22! 1] MISRA C:2012 Amendment 1

MISRA C 2012 Amendment 12 MISRA C:20127t SHEMNPF ™S StF10 QU= AIRQ
ZHEE AMZ o] 20X 20139 03EMISRA C:2012 Third Edition0| E2|X 0| 14712
SOty 2 E8 EElo0] EelR HRUCt C A0 = 2EE FE9| Hordg atA|717] #iolf Code
design), {Expressions), {(Standard libraries), {Resources)2| 4719| 7IH|12|E F=256t0 Rule
13712t Directive 1705 F7}otRiLCt.

MISRA C 2012 Amendment 10| 7= £ Ligs
71 0|2 Rule 22.88 &f0lof HX =2 SiC}

JfOl'

12110 Hoty o 2

i
Jtob

[2lall = == QU

Rule 22.8 The value of errno shall be set to zero prior to a call to an errno—setting—function

errno-setting—function &7} ZX|=|H errno0i| 00| Ot ZtS 7|26t1, 237t gloH S
S arSIS]ON |°=*5|1f. M2tA, BE2 2t0|282] g4 & HM0f errnoE 02= A8otl, L3 210|222
2= 2F MO 0|2 At A= d¥otl ULh ABAks 2LFE Feo| HXlot7| ol errno-
setting—function2 E=5t7| M0 errnoES 022 AHoH0F otH, & Z0= BIEA| errnoE
AARHOF oftt. Rule 22.9= O[O Cer ~olf £IQHS LiIEofT QAT

Rule 22.8UM AZE errmo-setting—function0il CHS MIE &4 S22 Of2fi2f 2L [4]

ftell, fgetpos, fsetpos, fgetwe, fputwe, strtoimax, strtoumax, strtol, strtoul, strtoll, strtoull, strtof,
strtod, strtold, wcstoimax, wcstoumax, westol, westoul, westoll, westoull, westof, westod,
wcestold wertomb, wesrtombs, mbrtowce
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Qo] 0 Bl4E AFBSIEX| ermos AIRSH0 28 A

= HIgkeittH, Ol= errmo 24 g2
{RE|H Ol= =00 9ol F/H8 B 2t0Eei2] gk HLetE = UM errmo= ermo &8 &2
SEoM| M Z2 g U0 022 2FE(00F 5t errmo 28 &4 SE7HKI2| 2E H20ME
02z HHE[0{0f BtCf. O] H=0|M= errnoE HEY
o

SN i
= T —
07|0f= ermoE S8 &= URIT BIEA] SFY EQ Q= &

28 SfL & 210122l gl Eé:.E”—IEf

MISRAL 0| 22 Saff Z2720| QRS H&t5| ZX/5HL MR8t 4 UT=S LAk YL
0|2|0|= Code design, Expressions, Standard libraries, Resources?| 7tH| 122 Zt E0| AHS
MISOIXZE, = 00|M= THRA| =L 0]0f THoll AtM[SE LiE= o ZME Sofl AtAls| 2felet A=
et &3 EEo| 49 g0l et /&S MEI. IHC=z 2/ =0 tet LES
HEO| 2 = U HH| £ H2 P HMSSH.[4]

[Directive]

{Code design)

« Dir 4.14 The validity of values received from external sources shall be checked. [Rule]

(Expressions)

+ Rule 12.5

(Standard libraries)
«Rule 21.13 / Rule 21.14 / Rule 21.15 / Rule 21.16 / Rule 21.18 / Rule 21.19 / Rule 21.20

(Resources)
« Rule 22.7 / Rule 22.8 / Rule 22.9 / Rule 22.10

MISRA C 2012 Amendment 2= 20204 028 Ee|2= M2 ISO/IEC 9899:2011 (C11) B&
K|, MISRA Compliance?| o1 &2 BtHotL! ULt MISRA C= H7[82=2 H= Undefined
behavior(Z2|=IX| 42 258 &)= Lot/ | ol BAMR! XS MiSoks A SH=E 2k Mgt
20| 318== 7152 Migtot QICH 0 Yotz [SO/IEC 9899:2011 [10]2 AMEE I Mg o=
MEE = U= Y53 Ot 20| B3I [5]

utn

« Additional floating—point characteristic macros (float.h)

« Unicode characters and strings (uchar.h)

- Static assertions

« Anonymous structures and unions (note that use of unions violates Rule 19.2)
« Support for opening files for exclusive access

« aligned_alloc (note that use violates Dir 4.12 and Rule 21.3)

« at_quick_exit, quick_exit (note that use of quick_exit violates Rule 21.8)

« timespec_get (note that use violates Rule 21.10)
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Tt 1SO/IEC 9899:2011 (1012 AR 1 Rule 1.401 Oj2IAtEi0] SHEHE(X| 942 22 Cree
AI8S SR/t 9UCk[5]

- Type generic expressions

+ No-return functions

« Support for multiple threads of execution (stdatomic.h, threads.h)
« Alignment of objects (stdalign.h)

+ Bounds—checking interfaces

Lt 7t E2E OtefieF 20[ 2709 e=s 2ol o= /b

« Rule 1.4 Emergent language features shall not be used
+ Rule 21.21 The Standard Library function system of {stdlib.h) shall not be used

Lo 1= FAIS0| C11 BEX0| T2t YH0IE FHSH, C90, C99, C112] undefined(FH2|ZIX|
212 =X unspecified @£ =21 or implementation—-defined behavior(+31 2| SXH0j| CHSt

XIZ0| £7t E= MU FIMXOZ 2016EH0 LEE MISRA ComplianceS O[X Moz
XHEHSHOF SICH= MS Aot Lt SXf 71& MISRA Compliance 202092 ¥ XM&5H= 710

MISRA C 2012 Amendment 3220223 102 2= HRUCH, ISO/IEC 9899:2011 (C11) &
ISO/IEC 9899:2018 (C18)2 X UES L Zfoltt. M EMS1 Z0[ISO/IEC 9899:2011
(C11)0l AL Al Mgt 7 [SOfl ta HEdt= LES ZefBitt. [6]

1. To permit the use, with restrictions, of the following ISO/IEC 9899:2011 [11] features:
« No-return functions ({stdnoreturn.h))
« Alignment of objects ({stdalign.h))
« Type—generic expressions (_Generic)

2. To provide further guidance on the use of the following C language features:
« Type—generic math macros ({tgmath.h)
« Floating—point (including comparisons, NaNs and infinities)
« Complex numbers

3. To restrict usage of features declared as obsolescent by the C Standard

5, 17§2] A1 Directive X 23749 Rule £7+ Al Hal5t /Lt [6]

Dir 4.15: floating—point E&iA! At X|E]
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Rule 1.5: 22iF 2101 7|5 A& SAI

Rule 6.3: HE HEE 382 #H= &2 FX|
Rule 7.5: 4= A4 O1E 29| Q1K= MG Y
Rule 8.15 - 8.17: M= A} ALEO]| Chst XI& 7t
Rule 10.1 - 10.8: 540 TEHE X8t AR F7
Rule 17.9 - 17.13: _Noreturn &= Af¥F A0
Rule 18.9: 2A| =5 Z4x{|0fl Ciet HiE-ZEQIE Het FX|
Rule 21.22 - 21.24: B} MU= O3 = & 222
Rule 23.1 - 23.6: M4 Me4 ALS0]| st I’E!

Jz
mjo
d
=
k=)
oot

MISRA C 2012 Amendment 4= 202343 38 Al C11 38
IaioHH, HE|JA LYY & atomic 7|a2 Qo At2E £~ =S X|RZ XSl
8

|]0|I

ISO/IEC 9899:2011 (C11) & ISO/IEC 9899:2018 (C18)= X|&otH, A/t LHOIA atomic B2t
SHS 2 St

TEIA T 7SS0l AE JFsEe elE & QU 8, &E A S0[ FIH=RA.

[Directives]
Dir5.1/Dir5.2/Dir5.3

[Rules]
Rule 2.8 /Rule 7.6 / Rule 9.6 / Rule 9.7 / Rule 11.10 / Rule 12.6 / Rule 18.10 / Rule 21.25
/Rule 21.26 / Rule 22.11 / Rule 22.20

MISRA C 2012 Technical Corrigendum 1 2A1= 20173 68 E2|Xst A2, 5Q
C T2 72HY 210] AFRE I3t MISRA C:2012 7I0|=21010) CHSt 7|&X Hetsiot 288 2802
T

Of2ff Dir 4.8 BiKIZE ol Technical Corrigendume & T HatoHA OofEh 4~ = GIA[O|CY.

Dir 4.8

lssue

The interpretation of this directive is unclear when there is more than oneg pointer to the same
structure or union type.

Correction
Add sentence at end of Amplification:

This directive anly applies if all the pointers to a particular structure or union in a translation unit are
never dereferanced.

(BX: MISRA, MISRA C 2012 Technical Corrigendum 1)

[722! 2] Dir 4.8 Correction
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Dir 4.8= AXAL} RLL0] st ZOIE{7} translation unitliOA MAE EX| &2 4L,
QEMEO| otz SA4MOIE ofCt = 2J0|E 1 ULt 0| 2= & O XA[o] ofiAoll 2H, 124
E= SEA0 CHet ZOIEZL HEAEX| 20H JHAQ 1o ME HE7F HRoHK| gt ofF
LHZ0| Q=otA| 2 HACZRE HoH00F ottt =, AXQ| F1eiz =28et R0 et
HOIEE Soll &74M0F oIt = 5= ot Tt Lt 22 2K 2 RU2 EXU0| CHal of 74
O &fof ZRIE7t XS B2, 0| Directive2| cHAM0| HAGIK| L= 4= UL} 0[2(8 0|77t LMHS
42, oid FE= Hebo| offAdet 4~ Q== Technical Corrigendum= Soff 3 AHS F71RICH

20194 022 22|= = MISRA C:2012 Third edition, First Reve| Dir 4.8 Amplification0i] Y& =

2= Ol2f| Of0|20|E X[ 24t 20| 2l 4= QT
Dir 4.8 If a pointer to a structure or union is never dereferenced within a
translation unit, then the implementation of the object should be
hidden
Category Advisory

Applies to 90, C99

Amplification

The implementation of an object should be hidden by means of a pointer to an incomplete type. THS
directive only applies if all the pointers to a particular structure or union in a translation unit are never
dereferenced.

(&X: MISRA, MISRA C:2012 Third edition, First Rev)

[22 3] Dir 4.8 Amplification 37}

MISRA C 2012 Technical Corrigendum 2= 20223 0320 HAZACH, Technical
Corrigendum 11} OFEZEX[ZMISRA C:2012 710|=2f010] CHSt 7 [&X Hatst U 82 X0
SiCH 2X9) 2XMe =olH, ealit= A|7|9 Xfo|gt Ch2Ct & 4 QT MISRA C 2012
Technical Corrigendum 22| YH|0|E Art2 20233 04& 22|= = MISRA C:2012 Third
edition SecO BtFEIUCE. Technical Corrigendum 18 Saff 74 L LIRS &Rlotgied=z
Technical Corrigendum 22| M2 LHE2 S =2 2iQIotX| 4=Ct A7| 2EE2 Ealf MISRAL
2o|X =X 3 gO|0|E Z=MAE SHIEA Olclfoll ZM2| &8 Wots SHIEA 8 = US

0]

SHIH, C11 2 C180] CHet New Features X2 S20]Ct.
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1990 1999 2018

@
C
o
O
C

1978 1990 20Mm

[O3 4] CEZ At e

C oiofel 2% 9 87 featuresi= MISRABI2Y2! RIE 0] 513 /01T S PSICL MISRAS
OFHSH C T2IUS JHUSIRISHE SHOZ COIOf) THEF 0| AR U F4 ARl o=
7

9
oF Z017| 20| C/CH+HEZE L0 2-HE0|H =X HAE 7
Mo} 1= Sofl MISRA C2te| oA E Az 7/t L.
MISRA C= 19981 %2 a|X & 0|3 MISRA 20127HX| MISRAE C 210{0f Cet EX
AAFHA HIIH URE0] ST MISRA 201277HK| MEE % C2H2 €90, CI9 KM, 017(of
L

C1129] 482 UE0| BIHE AEIE FAlotxl ULt 11 0]= C180] CHet 2 F717t JUUSU|E O]
HE2 AENOZ BtHsE MISRA EME Z2|X ofX| LULTE O MZ0]| AU JHHX=0] C11 2
C18 AI2ol T2 ™S JHE5IRS A2, MISRAZ £ ¢Ht (HEE ASE 4= i 28N 22X/t
M7= A2 Yot ANQUCt
MISRA C:2023
MISRA C:2012
MISRA C:2004
MISRA C:1998
—0—= = O———=0 -
ISO/IEC 9889 ISO/IEC 9889
1990 [ 201N ] [ 2018 ]
1995
1999 ISO/IEC 9899:1990(C90)
ISO/IEC 9899:1999(C99)
ISO/IEC 9899:2011(C11)
ISO/IEC 9899:2018(C18)

[73 5] CEZ2t MISRA C ZAI=
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¢ 222 ISO/IEC 98898 Ak E= et 0|2t 874 MISRA CO 2|25 iAsH (1
(O™ 3)at 20| 2reF MISRA C:20128 MEst 82, C111 C180| AX5| M8E
= ATt C119] 42, MISRA C:2012EC M BIEE0RY| =201 2= ™ oY
Ot AMzist &~ QIOLE 0= MISRAL] &g LIS &Rls EH 7+SSIHK|
Ct. MISRA 20122 EE|= & HEZ2 offdAHAE=T} 20129 &,
H MEH Al=lE 0 FHHACH, 8 X GH0|E Ee ME & A
= A0|17| MZOICE 14 ol M=z =3 H U8 tHHF
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S| O SA0M= C11, C18ZH0| ALEE 22 MISRA E2
Zoret X 242 Flatisl 2Tt MISRA C:2012= C90 & C99E 7|&ECe=
[85t] 23O M, MISRA C:20230fAl= 0|2t =0 C11 & C180| CHEt New FeaturesO

| HEJAE Amendment 242 HHOIE I8 S 24 2 E C11 &

&LI0|E LiE0]7 | ottt
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MR, 7|& A0 FeatureOil Chet =7} Guidance =J0|C}

Rule 1.4 Emergent language features shall not be usedZ M2 AN 7|50 st AtRS

Hgtsk= W22 _Generic operator, _Noreturn function S0| HMAEN LEHECH =7}

Ol

o sl0|2 o]= o] HodA o 3T 2+ & =

MofAret =lRl= flall Ot Rule 1.42] 21EH WiEs 10 20| HE B2 H|wsl HH, B0
= = = = = A = = oL 7 SO .

T2 I8 SAS SHOI3H 4 ULk HOAI0| SAT 094 TH21 FOAIIS MISRA C:20230] Al

Rule 1.4 Emergent language features shall not be used Rule 1.4  Emergent language features shall not be used

(Category Required Category Required

Inalysis Decidable, Single Translation Unit Analysis Decidable, Single Translation Unit

lApplies to c11 Applies to o

Amplification Amplification

Updates to the C Standard have introduced new language features. The following shall not be used Updates to the C Standard have introduced new language features. The following shall not be used:
» The_Generic operatar; e Other than defining _ STDC_WANT LIB EXT1__ to O, the facilities of Annex K (Bounds-

) checking interfaces) shall not be used.
e The_Nareturn function specifier and the <stdnereturn.h> header file;

s The _Afomic type specifier, the _Atemic type gualifier and the facilities that are specified as|
being provided by <stdatomic.h>;

s The_Thread local storage class specifier and the facilities that are specified as being provided|
by <threads.h>;

s The_alignas alignment specifier; the _Alignof operator and the <stdalign.h> header file;

» Other than defining _ STDC_WANT LIB EXT1__ to 0 the facilities of Annex K (Bounds
checking interfaces) shall not be used

(EX: MISRA C:2012 Amendment 2, MISRA C:2023)

[22! 6] Rule 1.4 Amplification2| tHHZ Akt
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710|=21R10= MG HHYSHA7| TIZ0| MISRA C:20230M = MUARI0| SAEASS &L
UL,

KIZ7HK MISRA C:202301 thet S&== 37HXIZ2 Feloto] B °.:1E1|0|'501| e 2 EJ 10 C
it HMIE Soll ME UES Zelotid SEZ0 T2

BE SIAERS YAoKt A B SX ==
28 K02, MISRA C20230/318 2T 0/ 7452 HH 2 M 3 7401 O 8,18
Sl £3 BIH YOI A| AESH0F B ALI0Y Ciof =3t

A7 MISRA 20| 22I= EIERIE oY LISS HIZ 31 850l TRME Hi2 Kot %2
70| 27KS3ICt 7| &2 E0 MISRA 7152 ALE0] i A2 42 Al BOIE AfSIS wioist
2017| 20|, 34X 7173} OfT{3t LHZO| B1ZY/F7I=IQ=X| Slolatn Hxie} 71Z0) WAl #a
JK= IPY0| TRHCE 0/ MISRA C:20239) ¥ U 57} LIBS HEfs| Toratn Hajat| ia

MISRA C:20129} 2t et & 7t 2 H HE AletS H|uotilA} Sttt

FEF X Of2fet (T2i4)2t B7|E XIS Salf MISRA C:20129] 7t 12| & 1M 2l HA AlSS
SIOI5H 2 4= QUL Mandatory, Required, Advisory2 TAE 7| 37 71| 12|0f CHEH HHAAIE
12, Required ) Advisory ) Mandatory &=2| HIE Al SYotLt. CiEH 71 HE0| Lt Hat2

512

2t ot & HIE0| e Habt ASS =01E 4 QAL

=l
Z

MISRA C:2012 MISRA C:2023

= Advisory — ™ Mandatory = Advisory = Mandatory
25% Y I' 6% 21% ) l' 11%
69% L. Reg;;;ed

"_ ® Required
® Mandatory ® Reguired = Advisory ® Mandatory ®Required ® Advisory

[ 7] MISRA {1 & 7|5 12| 3 Hlw

B
I
E

rT o
d

> S
2
F

_||>|I

O JHIEE H|WHEH MISRA C:2012 CHH| MISRA C:20232 Mandatory”Zt 5%
, Required®t Advisory= 22t 1%, 4% E0E XS =Ig & QUCt 02| 310

EAl &al{0f ot= Mandatory HIZQ| Z7H= AATC 7|HI0| HAIA A 7155t 20 st
etz offMet 5~ IO, Ol E /2l S7I2E F50lf 2 == UL}, Required?t Advisory= HIE0|
dioh= A= SiME|LE, O|A2 MA| & 72l S7t 7|22 offMoll 2H 11 HS0| EHSUCHLT
=+ gt
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of0f CHet Hetot 452 ol 7HEHLIE] & E 72 /4 6 E ot (IEbyat 0] Hju
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200
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100
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S22 MISRA C:20230f A+t 7 & & UES HLACEM, Aot 710|E2fRI0) CHat ME
Ot 1AM H 1AL S

C1z C Bx9 2zt B & otLUE, HEAYHE Z2IAUS X|JoH| fIcl qora_r s
FIVCE 1 & Sttt atomic Sdt(atomic operations)g X|got= A0 =0
(stdatomic.h) o5 LIYS Sl atomic LS X|5HH, 0] 5T MU s

H0f SAI0 B2 O H0[H Yds 2ot=H 2Lt atomic Eft

m9 >
ot rir mjo

||_| m

It C
0431£|
|.

o
=1
SIAE
o _
aT=

= g9

rOII

I+,

atomic ¢4t 2 HE|AZE SHH0IA SQ5t HES 61, 0| Solf HI0|H 20| A(data race) 2XME
ol&fet &~ Q. 0|2+ &=t MISRA= MISRA C:20230 Rule 9.7, Rule 11.10, Rule 12.6
1} 22 atomic 2 2 3 F/RICH, HEAHE 2tF H4EH 1971 E2 F76IRACL AMEX K=
MISRA documentOilA i E2| M2 LHE L OIXIE Soll A& LiES 2fls = =~ UL

0= Rule 9.7 2 atomic Zix|2| &7|3h= AUM|ASE | H0i| &t=oH0F &S 710|=5F E2 Ot 22
O|0|E LHIESHCY,

« static storage duration0| §i= A2 AL, THE HMIA MO &E ALK} = = BHE 210|E22]
St4 atomic_init)S AF25H0 M0 X7|312 TLEH6H0F SHTt
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- static storage duration0| U= A9 B2, 7|2 =7|et= S=oltt

Rule9.7  Atomic objects shall be appropriately initialized before being accessed

C11 [Undefined 5, *]
Category Mandatory
Analysis lUndecidable, System

Applies to i1
(EX: MISRA, MISRA C:2023)

[213 10] Rule 9.7 42|

atomic Zxl= HMAGE | T Z=7|2t60F STt atomic GIAE ARZOIEEE =7 |3te= ZHA|0f

CHSH SA| YMAE data raceS YMA|ZICEH atomic_init() &4= 7310| atomic ZHA|0| CHs

RHSHOf & 4~ QU= F7H HEIE E2I5I0 atomic HHMIE =7 |3HSICH SEXITE data raceE LIGHKI=
oM 79 HEHQ MR =73t MR atomic_init(= atomic_store()2t 22 CHE SHAIA
A2 A 2= QiCh A= LHOIAM atomic ZHIE Z=7|2kotH HESHALL 21617 | 021z A=
A0l K0 R 2 HAX HS (0] FEIAS ALS) A (atomicity)S E&S 4= QA Tt
_Atomic int32_t g_ail; /= Compliant - default initialization =/
\{/oid main{ void )

_Atomic int32_t a1 = 22; /= Compliant - directly initialized =/

_Atomic int32_t az;

az =777 /* Non-compliant - not initialized by atomic_init =/
_Atomic int32_t ai3;

atomic_init( &ai3, 333);  /* Compliant - Initialized by atomic_init =/

_Atomic int3Z2_t aid:
thrd_create( &id1, t1, &aid):

atomic_init{ &aid, 666);  /+ Non-compliant - Initialized after user-thread T1 is created =/
thrd_join { idl, NULL)
1

(B MISRA, MISRA C:2023)

[ 11] Rule 9.7 of|H|

Q| HIXl= Rule 9.701 TS O[GHE Qla HEE AATE HEHOICE MISRAE HMIA M x7|8 2E
Z7|8}, atomic_init() Bt SI&=0 0129 =7|8t= 51ESHK| t=lt. A= SiF 7I0|EE &
22510 Y Al Y IS AATCN| SHI2| M8 =QJt QlCt

T, CHOAE H21610] oSt LI8S0| US71? MISRA C++:2023 Rule 9.5.201 CHSt
0[3lZ 2|5l Range—Based For-LoopE AIRICZ 1] LIS MHSIZZ St}
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O2740AM 2Oz IE =52 UiEol=0 ARBEHY, e IE 55 318 211 Y= 49
for ROE ARSIt C++ 0lARange-Based For-Loop= ZIH|O|HE B A| 7HASH H7|#HO =2
CH110| =YEQICE 7|E for o= C AN RALACH FI F7|sp7F MEH AFSIO|H, 1
Fo| 28 2740| Lt OMX|gfe = 2O F7t H9A 0| L2
stdwector v = 4 "Example”, "wector”, "of", "strings” }
for { auto &&i = vheain(® i '= vend( ++ ) {
IR e ) i s Eri
h
std cout << stdnendl;
[ 12] Range—Based For-Loop AtE GiIXi|1
Ol Oll= 7129 for 2O7t ZAH|0|HE BIEoH=0| AFE3iSS B0
for { auto &é&s v )
1
shdticoutite sl )
:
[72&! 13] Range-Based For-Loop AFZ O|X|2
Range-Based For-LoopE AtE6H iteratorg YFEHOZ Al o~ ALY
Ol Yot 20| Chot M 7S B7|#0|0, C++ AN EZ0|M = 0|42 TS 20| Mo =
2= QL.
1
auto & __range = v
auto __begin = _range;
auto __end = v.end();
for { __begin'= __end: ++_begin) {
auto &fds = +__hegin:
st icout {Ls e 4™
F
i

[13 14] Range-Based For—Loop A2 Of|X|3

® 113 @
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22{L, 0] E|0l= 3L UCH 1] 0N _range2 v2 £7I3t B 22, Ol Tf ZiEt
HEA0|XIDH S 7} 00| QIA| ZH7E MAE|= M5 HEAOR NEE 45 L) Of2{3t 2XIS

Flol 2AE HES Hietol=s g2 ME0ts AS el & 4 AU

O

HOR TPE PXAS FHGH= Sl 2T

HOR AR X PN 2XH| BXIS Esis 2T

O

st vector <std:string > createStringst) §
return 1 "Example”, "vector”, "of", "strings" };

}

int maini) 4
for C auto w. createStrings() ) 4 stdicout <Cw <" )
std:cout << stdvendl;
for { auto ¢! createStrings0[0] 3 { stdicout <o <" "
stdicout << stdvendl;

[C12! 15] Range—-Based For-Loop AF2 GilX|4

0|2 &dliolH A HI FO= 0= SA6HA|2, & # £2= undefined behaviorg =D
ZHl= createStringsO[0]0| = 7H2] &= S&0] QICH= Z0|0, 71A OH%&0| SE createStrings2)
SE0|10 71 HPREZL| &L QIEIA operator[]0l CHEH SE0IC}. undefined behaviore| 0|f&
createStrings Of|Af BIZHEl JIA| X7} 'operator[] 352| Q142 AL E|7| 20| C++ 72104 T2t
UA[ Zix| 2] ~FHO| AYE|X| 27| M=ZO|Ct.

MISRA C++:2023 Rule 9.5.2= %(2t Z2 ZHIE YAl | 2ot ZA UL

Rule 95.2 A for-range-initializer shall contain at most one function call
[stmt.ranged]
Category Required
Analysis Decidable, Single Translation Unit

(Z}: MISRA, MISRA C++:2023)
[ 16] Rule 9.5.2 42|

MISRA C++:20232 for-range-initializer7t =|CH StLtQ| &t

A f=3
[== =
Q73k= Rule 9.5.25 T3, range—for loopZ0f HEQ| MAUN LHE &+ SES 350

® 11, @
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Ol =T, Of2H GilK|2t 22 HEHO|CE

auto strings = createStringst:;
for (auto ¢ strings[0] 31 stdicout << e <"}

[2&! 17] Range—Based For—Loop A2 O4|X|5

=
. MISRA C:2023¢) D] QIEI0IE WSS SOIFHI F1El1al @ 24 8 12
7120l B S0MS Selsi%T, C11/180) et SHES vreist A 2 74 o
0]

A2 SWEE AH|C|E Safety?t Security20F0 MISRA 2023 HES 2261 | ¢
7t0|=2t 0|2 2ol ZF HAl B activityS Folotil Refott HE M &%E 7=lol= 20|
B Q0olCt. 0| ¢lofl Of2Het 22 XIS MIQtot A} BTt

1. C/C++ AHOIEHNew Feature T2

2. MISRA C/C++:2023 Ai1t € &A1& Hz2|

3. New Feature2t MISRA C:2023 At ZHA| &4

4 O2HE S

= 5 M
M RS HR317| QI5H MSTI0f0F B XIS KR WS Mjorshn MESH= XI0ICt (o)
Chst 417 Q0] M2 YIS =ate %S AT Q0| 4SS = ATt QASH| THRO|CH Hatst
74 B9 THOrSE| /3 MISRA 2012 CHH| MISRA 20239] H2 U %7} A|E 812 2 LYo
ChsH 2101510 Kal510] HOIS THSHe QT QUCH MISRA C:20232 C11/182iH|0[E Hi%io]
ISE20| HES ARISIDE 0[2f3 Ke) 432 /3 C/CH+ AT 20| et FeatureZ EQI5HD
Ha|5te KAS 748 T HE[BIC

S MISRA C/C++:202301 S HOIE 22 A SIQIO|CH Al 20f T3 HQIS Hais)
Sl XIR{o| U310 = 4 QIT} MR C11/18 Feature Al SH21} A7} 2 STjo| AT 272
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Small integer constants Rule-756
Unused objects Rule-28
Chained initialization Rule-9.6
Variably-modified arrays Rule-1810

C11/18 New Feature MISRA C:2023 Related Rules :u?ei
Additional floating-point characteristic macros {floath) Rule-101
Unicode characters and strings (ucharh) 2
Static assertions -
Anonymous structures and unions Rule-192
Suppoart fer opening files for exclusive access {fopen) - :
Dir-4.12 Rule-213, Rule-221
at_quick_exit, quick_exit Rule-218
Rule-21.10
Mo-return functions (stdnoreturnh) Rule-178, Rule-17.10, Rule-17.11
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Floating-point {including comparisons, NaNs and infinities) Dir-415
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[1] HORIBA MIRA Limited, MISRA-C-2023-Guidelines for the use of the C language in

critical systems Third edition, Second revision, 2023

[2] HORIBA MIRA Limited, MISRA-CPP-2023-Guidelines for the use of C++17 in critical
systems, 2023

[3] HORIBA MIRA Limited, MISRA C 2012 3rd Edition, 1st Revision, 2012
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[5] HORIBA MIRA Limited, MISRA C 2012 Amendment 2 Updates for ISOIEC 98892011
Core HORIBA MIRA Limited, functionality, 2012
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[7] HORIBA MIRA Limited, MISRA C 2012 Amendment 4 Updates for ISOIEC 98992011
Phase 3_MultiThreading and atomics, 2012
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(E 1) LFP NCM HiE{2| E%

Specific energy ey 2.5-3.65V
Cost pecific &% 90~120Wh/kg
power ZH(C-rate) 10C
LF P HEX{ (C-rate) 30C
AlO|E +H 2000 o4t
Life afety g EF2E 270°C
span 2 o
Performance H| 8 ~kWhEF $200
Specific energy ok ol 3.0-4.2v
Cost Specific 28k 150-220Wh/kg
power
=T (C-rate) 0.7-1C
NCM HEEI (C-rate) 2C
EPY- 1000-2000
Life afety dEx 20 210°C
span
Performance H| 2 ~kWhZt $420
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Cell to Pack(Square type) Cell to Pack(Cylindrical type)

(&A : Emobility Engineering, Cell-to—pack batteries)
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SynRM(Synchronous Reluctance Motor) SRM(Switched Reluctance Motor)

Formed winding

Bearings

shaft, "\

Coil casing
Stator

Stator holder

Double rotor structure

AFSRM(Axial Flux Switched Reluctance Motor) DRSRM(Double Rotor Switched Reluctance Motor)

| 12 6 | EEEA HE| EF
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5-in-1 for e-POWER

(&A : Actualidad Motor Videos Marcas, Nissan Tech Seminar)
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Crimp connection up to
300 mm? or customizable busbar
connaction 1o the vehicle.

MULTILAM
MCS contact
intarface tachnalogy

Touch
protected
pins

MCS inlet

Cooled cabla

(X : STAUBLI, Megawatt charging system)
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EV Side
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Charger Side ~ ACDC

Converter HF Inverter
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WSECC |._,| Converter Charger Relay
Controller

| 22110 | SMETA|AEIO A

® 126 @



|& /HE0] & Ofx0|tt. 2Lt ol 2
|= 7HE0H| Tt 0 S0

RNEH 7|$9| 32 18g, 188}, 53 SO Ot
2 = 7
xxnortr ttrar 1, SNEMI|SS T8 61| QoA A7 |S0| REEater EXFXOl §IF7|0)

H7|RO] M5 JHAMIE HE20] A0l HES EXIAIF|7| QoiAs B 7|80 Uit BES}
LAXOZ QHL IR HE 7|72 ISOQF IECOIAE 7iE 20F X JWG 252 Saf H7|k1e
AT HFES XS 2| 234511 Lt

ISO= HM7|& OFXM, OfH|, H{E{2|H, XM7| ASA|AEIDL 22 M7 |Xt2H0| TSt BX35}
A2, IECE 2L, SMAAY, X7|9E 59 205 TYelt. Tot

So =i =
D2 ES 50| 20pf Al JWG 2B S5 BECE RS} K0| ZED ULk

ISOQ| M7|xt B&E2|@sl= TC22(Road Vehicle) A5t SC37(Electrically propelled vehicles) &1t
Lf 6702 WGz (0] 2o, IEC TC692tS] SaAER! ISO TC22/SC31 JWGTIA
HM7|&t &8 EAN QIHH0|AS ol QT ESH |[ECOIAM = TCO(M7 | RIS & At X7|
Eg) W 7709 WG, 4742] PT, 3712 MT, 67142 JWG 822 & M7|Xt BEZE2{ &0

TCRACHNG] . JERSCIING roaamc3inGs
LEy B e e S (Bt bl gy R
T - 1 1
TCISE TC2/SCITIWGS TER/SCIWGD
e . " TCISCIT/WNGE
Mpmparprarety Sor sy B e T
cerenpciad W -'-I [ S e gy et purvtarrat
l .
TC22/5C3T
IsO — TC22/5CH {Motorcycles and
(Data communication)
mopeds)

Ll TC23/5C23H —  lelectrically propelied  __ TC125
IEC Muﬁ{ﬁ: -t (Flug, socket, conmecton) raad vehicles / industrial {Personal e-Transporters)
truscks)
|
TCHANGT TOEAWGS TOERANGID
BRIk vifechl seralonn peowe ecwie sobacks " Ligha slorwi vobackon Cosadu v
Searnber [AFT) e gy reaTeeg e e ety 1
1 I I
BEANG ANG TOERANG 14
|I:I-.'|A.-I:Ml-dﬂ. |£.1|- ] [ ib_liw " S A p—
o gy wEede e wirmanigre ety roosar |

| 28 11 | H71x} 202 =8| ﬁm?

® 127 @



Issue Report 2024 Ol42IEE - 2024 KISk BHARE At 3 BE S5
H7|xet 2A = Bt AYgs Holal QUL
ISO TC22/SC37(H7|f) HS B0 = M7 (X1 ot H S0l HEE 2010 tiet 2852
HES MY A=0olRH, IEC TCE9 4tot2] 670 WGOA= H7|RIZe MM 24l 0la2t 59
=00 CHet 3659 HE2 7Y %Eﬁff}ilit St 1SO2E IEC 7t JWG &3(1SO/TC22/SC31-
IEC/TC69 JWG1)S Esff M7|XIQt £H7| ZH E41 QIE{H|0|A L0k thEH BR/WES 281510
QIOMH, IEC L TC 2! SC 71| 81O 2 HiE{2| ot™ £0KIEC/TC21/JWGE9),
V2L O{HE] & QIEHO|A ROKIEC/TC69/JWG20) SO tish BE3HE 71 SO0\,
TUOME =27V [sREEe T2 HI(R AR 48 2 SAER1 Vs 38 S22 flot =271 S
2 DHEE MY AYUS LYo ot ALt 2/ |sHEE0ME V(X HEEH BES
R ANAHL ST AAH SUSTAAR HIE2| AAR 5 AAR] H7|0|EXt 2 PM(Personal
Mobility) 20F= T+20t0, T7|Xt A BM3IE It BEet HNE FX S0 A, 28HI|
=7t BE M 49 A, oA E& MO 127 0|4S =H= of il ULt
| B2 | MI|Xt 20F BENY S5
o} =M BE Y
20 1 -
445 1 -
NEPNESE!
oFH 1 -
ZEAAH 1 -
Mk S5 A 9 1
ZH AAE 7{4E] 2 A0 5 -
EMEN U HR| AlAE 6 1
—_— MR E 2N S0 3 -
M7 S84 PAET 2 -
QLE - 8
HHE{2IAIAE 45 - 2
LCA 1 1
DEAIAH 2 1
TE AAE FEVINET - 1
HSSAIAE 2 -
20f 1 -
X7|0|2Xt/PM Ot 3 _
HIE(2| 2 SRAIAE 11 2
A 49 12
RIZ AAE BOH= RISHA XIZHET|RE HEV, PHEV 5)2] 20{, A5, OHX, ZXRAAE 50| BXxS
Telot UOM, MY7|Xet HEHE MER 7Is2 E5it T7|xZe| &s0] 7iME0]| Mt 80, At
2 O SOi| ook B 7HE0| OfF{X| 1T ATt

® 128 @



X A|AEI 2 X
|A” 20k= VAL S 17|§01| thst H&=0=2, =M
L =)

| L2|Liet= MI|KKs At S
HEots & mm RIS S0l ST 2Ret 7158 BEetd A=
P | MH|A(VAS:Value Added Service) ol_ o Olq ISO/IEC 151180i1A

H M= HiEZ 222 25, HiHd MY HMetS 3x HP 2

tlH=E o~ 2I5HH BHE{ 22| Ot O:I

SKsL= =22l SH= MO
= Mofot= 7|2 HAEEC 2 Mg 01| {0|Ck
o= o .

ﬂJIm

[>
oz
Hr
=]
rr
Oft
A
>
|>
oz
oA
40
rx
A
1
o
ro op
lo
i=)
on ofo
rol
Oft
A
oL
1z
=2
=
ror
FH
M

=)
=
ol
=
M
+4>
<o)
N
HiT
<
Pal
i Eowjo

$0
rr o
AL
_('_DF
o
m
o N
M
ot
oM
40
rx
Ooffh
>
=
fiml
rou
FH
HY ol
rlo
fiml
rol
ro
H
o
M
H-|
on
[
30
|0
o
o2
rlo
ox
=

ol

HH‘| |A|A'” 0 A= = A nt)0
== Bl 20= M7|X[Q| sHAQAQI HHE{Z|2 O}X

oIr
-
E

of B F20t=AM, HI|x EE
N2ES 2/t HiEE )ulkm =l ey &3 BEof 3230 S/1ok= 3
S D) AL 8 1S 5 A S S0 Ot 2 7 Sh= ZAOID, S LCAS!
JH TH SOl i3t =X HE 10| Tb=1l Q)
= RISHE| 71 QIC

DE/QIHE, 2
= , A&7, Ms =
S JrE o AL’ ‘f“'*%' So| M7|Aj0| PES HTZots A
—o T = ! SOl SA
e 7|=0f oSt H7IRtS] et 2 AHAOR Qlof| Lllol= T o;|01| i
ot A EEO| T His BE 2ot AR 2Rt 22} 0l
20p= M7|0|2X} F7|KHA Mt 2stel B2 VA0 =Rk 4T QIO Esh ==
= e = JA. =9 -
I‘I7|O|Ei|_ E:’-Al.o{O |’|_7'| oQ_l I|_-17|% %Eﬁ%gi Afﬂﬁlq_ PV |:|_ |_-|7|O|‘E"7(|' 5‘-:' PM
— o _E o1zl = [ehad = =2 Ox _
2loll 2H0| S/t ﬁ7|o|§if9| M=§§WEO T BZ B0f2 XM, a4Xy
o S S35
O o= O|‘7| -rlOH —I—Q_ A2
T 0
ol 20l

Jt=st = _
ts¢l HHE:IE| X3 |'5|' 20|
2} ZLHN s 28 W8

= OO J.I_§|'3:4

mopeds and o HES S %EGFM_EH
motorcycles) o1| 4 JHet TEK EHESRI0] CHt j_ﬂﬂ,JIISO/HTC22/8C38/WG2(E|eCmC
e} J_Lzll_q_ ] Hel'; —;F—IIO|'J_'_ O||:|_

H7|X} A &

M7IRF A2 2t 28 US #
S TO [ = o)

MXF *|‘AA S i o '|O|_| |‘O_IO§A-|O| oI5t E |, 1= = LOl’J_,_ 9,“:_'- 1E1L|_

MEFAMESMIE QX|6l0F & 2RI} QT | HZI817| QBHAS SR K|&XO|

2] SQrEd 9

S A
XFAHO
= %OA—IE I.:]lil' %7 |-6|-J_]_ O||:|_

® 129 @



;=

= S

Issue Report 2024 OI%42IZE - 2024 XISt SHARE Al o

}XHQI L0 S50l AUASH, 0[0f thgt 7|&H o 2=z HI[A =k SH719]
[|H0ILY. BiEle] o= M7|AH HYQ 2ts EE= Oln= H7|AH LBYEIA 2
BE7(99] 214 7|2 Ziiet Ee| Eg0t0] MV|s JEs FL6tl, H7|Ate

20| SURCHE SQAICH 015 YaiE BRo| A 75 Xi20| A

il

=

2 ™
40 ™ X
TR CTgl
2C N on
|r_<a

s
HT
on [

Io
=
[

ox Miu
mo 4o

o HT
Mooy ry

b

>
o
o
o

02
i
=

ra

JIRE LHHO ASH JE8 HH2 Y 0t BaEer A0 AU 01 A=
N A7l g H =4 BN =0
f

IZE AL Aol Tl SHARI BH=S 2fHol= H(0f

o
|6erxr o] B2iE S

ot
ol
(@)

40

2oz 01|’é>*%“1f.

n

O 4> oF
b
|O
HU
ujo 0H1
s §
=)
el
=
°
rir
(]
]
RN
d

o |
18
9'I_I
9'I_I

oM nE
i

A ==y
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