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% SAE J3016"LEVELS OF DRIVING AUTOMATION

SE SE SE
LEVELO J LEVEL1 § LEVEL 2

You gre driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
What does the you are nol steering “the driver's seat”
human in the
driver's seat & 5
have 1o do? You must constantly supervise these support features; [l When the feature These automated driving features
requests, will not require you to take
you must drive over driving
These are driver support features These are automated driving features
These features These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
What do th to providing steering steering not operate unless all required vehicle under
at do these warnings and OR brake/ AND brake/ conditions are met 2ll conditions

sres do?
features do? momentary acceleration acceleration

assistance Suppart to support to
the driver the driver

»automatic +lane centering [l - lane centering | «traffic jam +local driverlass
emergency OR AND chauffeur taxi
braking e pernis]
Example = +adaptive cruise | « adaplive cruise It
[ *blinc spot control control at the Ly
warning same time wheel may or
*lane departure ma:lnzé 2
warning L

*5ame as
level 4,
but feature
can drive
everywhere
in all
conditions
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9141 : SAE International (2018)
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Power supply

i 3D LiDAR
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2) Localization #o dmitlszydumisessa Ingldszuumaiiontime Global Network Satellite System
(Multi-GNSS) Bsli38Munmusumisuunisfaiasenaiisuuuuaailusiui (Real time Kinematic: RTK)
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(Kinematics model) Tumsmuqumsmﬁauﬁ

5) Low Level Control fi duitmunuilsrdiunistdusn 1w memuauszuutuiedeu ssuuiusn sEUUTIULAL
Tiihwthiinunsmueusalmisnuusunsiudindeanis Tnensinnuvesiinszdu (Actuator) fimuny
HandunisdsAuse

6) System Management fe dundanisszuulianiieudeyauasyinnuiiuiuegisgnies

drutsznauuronvinafdandadnedy -
oty Low Level Control aagluszuumunuiigs
(High level control) fdulusunsuivhanu
vudiaiauwnd (Middleware) Faiusyuuufiinig
Wueud (Robot Operation System: ROS)
TneluenAdeildszgndldlusunsa open source

%o AUTOWARE fiaundulaguiyn Tier IV —
oy . g
Uszimagu Tudiuvesssuumuantugess

Stcering | erake | ot

AT 3 F1UUTENOUVRITEUUTUTOR UL
w1 : Ignacio Parra (2016)
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nsdeansiiesu-dedeyaseninsrauiamesisuAanaunsalmuauiandauauas e U MU UM 4ATENE 5G
Tun580a19AUIENINIABLAIADS 2 LATDY [BUIINABNNINDIIATDINTsdsdym uEuatstidynia (LAN)
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fuanszatedayand (Active Antenna Unit: AAU) iudiunilsvesanilgiu (Base station) dyayiasazgnainu
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Vehicle) 5G Network Cockplt

=-I"i-¥-

Mini PC 5G CPE RG CPE PC Station
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bl jJ I
-3 il (-

: i 1“

Steering _ ] :

Actuator -2 l lT

/Er Active
I Antenna Unit

_ma LAN
RS ] <52,

Brake Micro-  Power Supply Racing Monitor Controller Teleoperated Vehicle

Actuator  controller System Cockpit |
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Ingvhnismeaeslunuzdmnssumansuarunaseuauulng prainsalumine ds wazinuanug
TunssladiAu 30 nu. sie v, HansnaaemuI@mlngjansnmuansaldd uazfinrumiag (Latency) s
Wisswosioniseuay iftesunsiuiiinismusuildsundeminfansardwesdyyrunmainndesuuse
warldnpanuinranumiluuinusey q aunulwpnasnsalmnivends laedsegunsaidsldd 56 fivimid
nszatedyan wifi iiugunsallndiAes wofiiuni1 Customer Premises Equipment (CPE) 5G «Juuuu
tuaunuozlau (Non-Standalone: NSA) (Ml 6) wuin Arpnaviisesmsasdayaaunmanminleuusaandsynniuas
THnanads 35.7 ms wazaumiisweansasdyanaanyamuauludsinnsydunsvinuuusaiianade 28.5 ms

+1.56e6 Camera to Monitor Latency

850 1

800 1

Latency (ms)
@ O0<L<=40

e 40<L<=80
@ 150<L

B0 <L<=150

-~
w
(=]

Latitude

+1.56e6 Cockpit to Actuator

800 A
Latency (ms)

® O<L<=40
® 40<L<=80
® 150<L

80 <L <= 150

~J
w
(=]

Latitude

700 A

650 1

160 260 360 460 560
Longtitude +1.975e6

A7 6 wansanTinAAMIlusETIRduIIIIageuNsAIUANTasTEElnauda N 5G YesdlININNABILLSA
NIWMRBAM (AMNA9) wag MNYRAUANLUTFINTEAUNNTYINUULTA (ATME1)
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[

sluifAszaudui 3 (Level-3 Autonomous
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a¥unnuuaning wazailemalunsilanmalmiliivdmeveding wisliaunsadulauastuindeulunaislan
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\

- 28%
10% | : Wrist

12%
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Earbuds/ N i Clipped
headphones / on shoe

15%
Embedded
into clothing

awdl 1 dnwaznstishiuganldld
1 : Bell (2015)
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Tuounadulng inalulad 56 Uu lagnweunduwelklnsoine 56
Weoklolded awnsndnuaLTakan 3 Usinns AR Ao wanunsn
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wiAlla8 5G (Fifth Generation) fie elulaBdeanslimegail 5 Gagnimnnduilensuaussamudesnislinues
szuUinAR@a (Digital ecosystem) lugatlagtu Tnefigauandivdn 3 Usznis (wdt 1) léun

1) Enhanced Mobile Broadband (eMBB) Ao arwmausalunisiuddoyariednsanudiaddusziu
Anzlnsiodundl (Gops) wieuiiuauausalunsivdsteyaluvaziadeudl (Mobility) Meghansuszyndlda
AfoansananTR eMBB Wu nMsurLAeiafiifenuinseiu 4K way 8K n1sFuruAonuy 3 IR diugunsalfizendy
waluladmnuaseaiiou (Virtual Reality: VR) wagimaluladainnduasaasy (Augmented Reality: AR) nnsldau
zuvdinaudiannsedng (Smart office) “1a

2) Ultra-Reliable Low-Latency Communication (URLLC) f@ m”|3,JamﬁﬂumsﬁﬁagaﬁﬁmmLaﬁﬂiuﬁﬂ
wazdanaminatluseduiingt 10 Sadund wanedmiunsiafidhdds (Mission critical) Havany Faeehs
MsUszgnAlinuiifesnisaaant® URLLC wu msmuauiaiesdnslulssnuuuusalusi@ (Factory automation)
Tasaelnidandey (Smart erid) N15951958aa3vdsendun1sdeansseninsenunivuziuassnialdinesiitin
Wsolifldin (Vehicle-to-Everything: V2X) “1a

3) Massive Machine Type Communication (mMTC) @® mmmmsalumsﬁamiaqﬂﬂsaia‘hmumn
Tuiuiieatu Inefiuiinasnnissesudugunsaitenssilawns shethensdszgndldnuiiFesnisnaau® mmTc

W 38U loT PeodeiiSuidanies (Smart sensors) M3vudIdaases (Smart logistics) “1a*

uenantu nsUseyndlinuuedsenadesnisnmanifunndmistesiuiy wu ssuvrudedueies
(intelligent Transportation System: ITS) fiaen15AaaNUR URLLC + mMTC n1sidnszeglng (Remote operation)
AoaN13ANaNUR eMBB + URLLC seuuLilosdaniey (Smart city) Aeanisauauds eMBB + mMTC “1a

yiail oritldinanly anaudRvesszuu 56 Mansuiian fe msfigunsalusdazgunsaiansafindedoansiuasls
(M2M) nswanumshausfiluisasauautin 3 ogafing waenauaunisvhoutuguaudity anso

@

gndndulalumshnuldegamnzauiigaluannnisaiiuandeiu Ineende Al uay Big data

Enhanced Mobile Broadband eMBE

Ultra Reliable Low
Latency
Communication

Massive Machine
= Type Communication

I

URLLC ~ " mMTC

A 1 auaudRvan 3 Yssmsveanelulad 56 wagiieginsussendldnunldanaudfnmnan
1 : Tiwari (2018)
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walulad 5G Lﬁuﬂ’liL‘LJ%EJHLL‘LJ@W]%QIWQ%@GI@]N‘ZJ"]8%@&’151%?1’18613@LLG]I‘i?um‘EJﬂ’IW (Physical layer) luaugie
Fulusunsudszend (Application layer) Tunuuinasdlasaiiewuy Open Systems Interconnection (OSI) @Sy
Fumenmimadsuwlamasusenis iun nslfaunduamiifeseunguinsauiinfandiflieudmsu 4c
miﬂ%"uLﬂﬁaugﬂLLUUﬂwsanLamé’cgiymLﬁaLﬁmizaw%mwmﬂﬁifﬂfmﬂi’mLLaUﬂmu?{ﬁaLmuﬁ%ﬁ (Bandwidth)
ﬂ’liLUﬁlt’JuLLﬂaﬂﬂNa%’NL‘I/\lﬁJ?JEN%EJ;J“a miﬁaﬁLwéﬂﬂ?ﬂiaqé’ﬁgﬁmmﬁﬁmm@wﬂu (Flexibility) n1slafaneeinieinuy
Massive MIMO a8

pAumATigninassdmsuliusTuL 56 Benin New Radio (NR) Uszneusie g1uamiiis (Low band) léuA
$13mAAINT 1 GHz grupadinans (Mid band) léiun $1smsd 1-6 GHz wageuawdgs (High Band) leun
$13mAgaNT1 24 GHz Ba3ondn pduliadiauns (Milimeter wave: mmWave) MsuUsgsANUAGMSUSTUY 56
Snguuuuniisenautadu 2 919 fio ruamd FRT (Sub-6GHz) T 429Aad 410-7125 MHz uazguenud FR2
(mmWave) A 929a23A 24250-52600 MHz dmuuszinelne diinau namv. lfdansuseyandurnuilugiu
700 MHz 2600 MHz uaz 26 GHz lufuil 16 quaus 2563 uieliuszneumsinsauunaslsiluldlvuins
53U 5G (dlinanu navy, 2563) TasudazguanudiseaziBenvemineiavdosniud Bnnsdeansanmi
(Duplex mode) T miiidmutienisideslewiu (Uplink) uagtnensidenlsmas (Downlink) Anssnmsg1uees
3GPP ITU-R fananslunisnedl 1 FOD (Frequency-division duplexing) Ao wafian1sididasauidniutig
nadeulestunazdionisdenlosas usnfuauazdisaud ildaunsniuuardddlunanfortulagliia
Assunufuvesdyaias way TDD (Time-division duplexing) Ao wiadanisldvasannudifierfudmsutig
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