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EEL

s AF AL A EO Ho A7 (Software Defined Vehicle,
SDV)o.=e] 7lx siyuis] Wsrl 18 Folw, ol& 93 Ao)7]
St=9lo] HAleo] 2de] Custom System on Chip (SoC) 7]<&0°] Q.3
AYS @G Aow dddEn. a9, e A5 OEM % Tier
1 A4 A= Custom SoC 7ol thgh olsfo} A3 o] F-Hebal, g4
e 2EY Y B AdgS 9% AA A= gEReA| Xetal v
5 3 o4

B oAdS4E=E 2Ea OEM % Tier 1 AFGAF @A A Level

I
WAL FHFORN, TR AFE Custom SoCo| AHEA
gl V) avel Flelstaat gl

At st 2P, 3AVIE A H
AE| A S &83lE SoC of7|glx A7 #of dAIH v 2 NPU
(Neural Processing Unit) 7]& WA=

A AD-SoC /B mEARoz Adsta AT A A =H1F
EXE AAste dAH N 229 AQYSs uHste Aol Eldeltt

F90] 1 2A&F3, Custom SoC, A5, AFTEAY, 71& 2=
8§ :2021-20677
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A1 AT A R I8A

A 1 & A2 AF7|E 413 Custom SoCe FL4

A2 AR A& B A FL % Ay F st

AXE O] Ao A% (Software Defined Vehicle, SDV)o]t} (Meissner,

et al., 2020, Windpassinger, 2020). A% OEM & Tier 1 AFGA=
Au| 2~ 2 I S9-seke] A4 HstE S8l AZE9 o] (Software,
SW) Aoz 2% 7es MAT & o, o F3l A&A 4¥
Ao 2ZFe] 7R E A &4 FEAE Aok SDV 72 25k

A W ARRIEE HAs ThssHA sk Z1ed 71k A Ee ofvlshy,
vl

ol#gt W3l= oln B AEESAVIE AjldlA  dEHol gy

(Cusumano, et al., 2019). A&zt AFH L2 25 = AEFEE Al 230

FTA e AR A A EQ O FA AFYEE (Software as a Service,

SaalS), =PF A AFYEY (Platform as a Service, PaaS) & AH]
A AR R Wskstal Qv [ 1-11].

SOV 735 fsid= A= A71dAa opIgAY HF3)
stEdglol-AZES o] o] wWE Aoyl SW ZAESH A7
1453, ¢, ZesE AT AEE Al&" §iEA kst
Aol s "d?ﬂr% 718 Alo] ‘FJQO%O]C Ela= N e I P R s
ob7lglA o] HFsh= V= ZHd T4 oA RFE Gy 7|
o}7]1¥l 4 (Zonal Architecture)= 74X4 T4 o719 A (Centralized
Architecture)® F3}g Ao g AWHM o= SDV 1+HS 93 A=
dile] 7H 7|24 EWE Alwgith. g4 d7AA ol7|9A &
ZIWko m ApgE Alo]7] @ejoll M= Al darg]Fol 7|Wkek akstE 3§
SW (Application SW) 70z} o]& @&4ola S
dHA o T FEety] gk A =E SWeO| EHEsE dgH A gt
(Bernhart, et al., 2022, Fletcher, et al., 2020).

A A7IAA opr|EA e sk R Alolr] SWE a3}
ZAEs = A7l =l (Hardware, HW)Ql 11453, F33,
FwstE Adlstal vk & E9], Level 3 B+ Level 4 A&7
A" ge2d 7wk SWE FEstr] fE 14ds Alelr] (High

Performance Compute) 7J¥S L735ta o, IJEHS #5353}

whel 71E AR EeQls AEE wejcle] B wvA B Aol
2 Hf,a _?;
=) o

L

f &



Ae]7] (Vehicle Dynamics Control Unit) 7'&o] 8= glvf, HE3H
49 7wk ol EH 2o W3l Zonal ACEdolet T ®F3
253 B B3 Ao]r)e Mae =83 gl

Vehicle Platform Cloud Platform
SWE HW % HHX/MH|A & e ]
Embedded SW Hof ndssl ‘ MH|A Cloud I Cloud
assyERBS | | SHsy/ESS EyEs ExEs .
2E . Deep Learning « HPC * App MarketplaceL + MLOps =4
2|, Hypervisor « Modular Design « Advanced « Cl/CD Al
Vehicle « SOTA/FOTA « Custom SoC Diagnosis « Virtual Dev. &
=M  Adaptive * High-Speed loT + Containerized Validation “SWasa
A AUTOSAR Network s Computing « Data Lake Gl
t= t] t] ! il «Platform as a
- - Service
. HM7|MX} OF7|E%{ 2| El=38} 5l0|=22| = Cloud Infrastructure «Infrastructure
;T:é: « Cross-Domain « Public Cloud as a Service
« Zonal « Private Cloud
« Centralized : i « On-Premise
[717 1-1] A5 d37]% 84l Framework'
olggt Aloj7] HW &Aloll o] x&F-& Custom System on Chip (SoC)
7]so] Tag 9 8 sl Ak SoC= CPU, DSP, #lxg]
[e) )= =] =] = 2
5 9] drel Qg g6 vAEd 75 B3] she] Jow
A4 pEAdd, AFAAE A2E wEA dA7 HE SoC AFE
gejz A, weste Aol AEA A o FEAL. 5, A%s
HEE A A AL BHeA] 7] 2d F=A19F First Mover AHs2F OEM %
=

HE EAE T

T, ®Zukd, AFE S ZEEAVE Al A, Fole WA
T WA Zle"al 707 ehwkel Xa, OEMe] AlE 2 7l ApEs)
ool AXUAM g W=AZF obd AHA] Custom SoCE 7HHsh=
FAZE Sdsta ok AAR S2d A= Vs V1] S ARt
HEEA] AR S GRlskal A eeells Eretal ARl SoCE NEeled

! SOTAE: Software Updates Over-the-Air, FOTAY Firmware Updates
Over—the-Air, AUTOSART Automotive Open System Architecture, HPC+
High Performance Compute, MLOps+= Machine Learning Operations, CI/CD
£ Continuous Integration/Continuous DeliveryZS 2] 1]

3 o A2t



AL AlFE] F#saL 9tk (Shead, 2021). AHsAF Aol M e 2E At
OEMo| A} Ao E3}sle]  Custom SoCE  7/fWtslazt  dhe
=4 o] dojutar glom 1A4%E SoC ELOMW ;cw Tesla7} '199

A8 Al 2'e 93 1145 Custom SoCE gk Al o]},
258 Custom SoCe WE SoC diH] Q’%& =4 AHds
Ageted, FARGE A5 OEM E& Tier 1 AFQAE AAsh=
AlaEl B SWoll A3k wbeA] AlgS AAE 5 da, oE A%
Aol op7|gx B IP/EAVES AAs= Aol Thsstth ol
71=4 AR witol 28 Custom SoC 7= &% SDV 7+ 93
Aozl HW  gAls Adst=d d4d4e 92 #38 Jloew
d-ddr. =, Custom SoC 7]&< ¥ SoC wiw] ®Hup =3}z

Computing Platform 70 7FsshAl go=z4, A7) 1A%
2353l g3 o] AEaF OEM HEi+= Tier 1 ARG A Al 2 A 91
714 $9E AT F ds oz AgE,

A 2 A =L Custom SoC 7] FQ o4

A2 OEM ®E+= Tier 1 AMAAZE A8 Custom SoC 7=
Ast=d o] o eele Custom SoC 7Hel] sk o]ajel 43l o]
Fotal, a4 Ve 2EY Y d9Fs 89 i‘fﬂﬂ?ﬂ BahaL
te golth Ae wEAlL d¥Re AEA OEM EE Tier 1
QA A el 7 WAsE FHol oA oM, ?L“HE B 2
BEog oAA g} ol#s AAL uinA A 7&S EI Al
ol7|Elx o] Al FT5l7] Hue R AAE T 91EAES
REF MEAS A7 dusit A o ¥ SAEAE A

Pﬂr
o
1z

g W adel olEd ewA, dyEel A
OEM % Tier 1& A} mi wAAe]l 87l Age AR
WEAS AR A% AENE, oplgA MA, ¥HNE /1F F
Sgoiakel Hxo] ol MUk AAZ, AF HE Tier 1 AAE
ASsa, BE AR AsY oA s mek wEA J1E A

= -
EEST oo Rz AAY wEA ARe W=

AbAtel 8978k= Top-down 219 7]&dal Ed Hup=, Wi
2~

ARAY 7% 2EW 2 84 &Ee| %Eo] RE w4

4 i -;”:I A‘]:—T%F



Ean

ob7)e)xe] HAL 7= Bottom-up A9 /&N mAS @e

Tier 1 AFLA S0 =3 Q)

g A OEM HE+= Tier 1 /\}?347} Zwstal 9= Fojasl T =
U2 sty Custom SoC 7HEHe] B3 Fapge] ol dnbAow
trel Asak OEM B Tier 1 AFAFE dido= dvjH= W&
SoCe it =% &rel wg e A4 dds F& 7iE]
d7ta¥ 3 1P Running ZAE, oy wE $9 drp ditol
7beate], AEHRA 7HAdAY FekE ZIdd 5 vk Wbl AR
Custom SoCE 54 A&x OEM 23 tioz #Hgo] Adts o] Mg
SoC ™hv] FxHox FH 7hsd &3] Ao qrie] Al dx A
Lolsltl. o]# 3k o= ofA7A We AEx H oub o

s OEMO] whex] FAALst =es 54 &2 A
2t (Burkachy, et al., 2021).

Ht A Al2E dheA] AA o] g A8 Custom SoC
ke gist A5k OEM 2 Tier 1 AFAAFe] 714 olse} A&
Helsta, FAgoAde HESE erﬂ 7w REEWES FHsheET
44 s A o= ey, dwrdo® Custom SoC 7]
ol OEM (=& Tier 1 AFEAbH Xﬂ% 18, o718 A A7 = 1P,
TV % AAE FE3a Logic ¥ Physical 27, B7}= Design
House & &% HAEHGA e =& et 343 T e A Al~H

+ Fabless, Design House, IP & /WA A7 S71sk=

WA Wdasta 9lom, RISC-V InternatlonalJJr 2o 9E IP

T Al=El wkeA] A gl T]oqE Ao=

o, AEx OEM TE Tier 1 AiAtE A&53 74w
d S A= AFE F3 Custom SoC 7B AES

AgEFs gdE 3 TS A 5 v

A5, AAF A28l 2 SWol| A 5}8F= Custom SoCe FHo] 44

- 5

LN =

A A 7 ]oﬁzi z27gol wet AEr1e =

Q7 AEA OEM 3t Tier 1 ARIA #1319141 438 Custom
i
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SoC A% =E BHel FFS wHE A4 E
%

1A% Custom SoC 7§He] FAb

Aol mEAS Al A7t A8 Custom SoC+ SAE
(Society of Automotive Engineers)’} A 23t Level 3 o] A&F3)
Al2="le] A5 = 314% Custom SoC (¢]3F AD-SoC)= gHg gt}
AD-SoC 71&e] 4 Atdl 2% TeslaZl '199d #A] 7feke FSD37}
Uomw, AD-SoCe| thA| A=A v 7}sdk A8 W8 145 SoCY
oAl 2+ Nvidia®] Drive AGX Orin, Mobileye®] EyeQ5, Qualcomm®]
Snapdragon RIDE &°] Jt}.

2 AT AT e
“AD-SoC W&z EAdol
FolQl7? etk AD-So

AD-SoC 7§t == Aol 9 AW ue} A3t
A7) A AR 3k B AxE npg o7 xEx OEM 2 Tier
1 A=A %doﬂﬁ AD-SoC 7Hetdefe] w3t AAHES ==

AANE 2 FAAAZR 95 SrR7F 7Y T8 AD—SoC-E 2§
A" iR F 7P w2 dabdsol 875 SoCEA Hal 59
WA AAVNE, F87]se]l 87 EHM, ofE 98 HA 1P, ¥ 7]=9
Aol Hasly] wFolth. =4, AD-SoC 7/jEe AjxE]l Wb
AENAS &85 g5/ Ao gdsith. A2 OEM % Tier 1
At At WA R dEAd 2 A E %ﬂio}ﬂﬂ ZHs A OEM 2 Tier
1 ARIAZE dif= 2HA]) wbeA] A 8 2 248 FF38a, P 5

et AstE s A A=l Ex}g} el mol

= 5
2857 wEolth, MAl, AD-SoC AEEEE W4 SoCst EU3H
Z s

delete Feor HAAste o]l dasit on AEE WHEA
=% H
o =4

1ol = Nvidia HEE A AEF A7 e S48 145 HE SoC
6 o A 2



A%z OEM 2

Tier

1 AFdA7E Custom SoC 709

gHat7] flaiAe HAT M8 SoC v 59 e A3shes
w Aol Hgstr] wolt).
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Al 2F AEF SoC 7]1€ Me L AL

A 1 A A&3F3) Computing Platform 71 &

FAAH 2 (Advanced Driver Assistance) A|~®l Wt} 7|5 o7
HHHE A&F3  (Autonomous Driving) Al2=®lS A9 145
Aoj7|2  FAE™, <A (Recognition), I (Decision), #o]
(ControD®] ©@AIA 7|5 Fd5 &3l A=l 8% A &HA7F Take-
overshi= Level 3 A&Fd L& &12ke] Take-over’t & §le
Level 4 AHEF85 78S A&F A= Aoj7l= AA SWe
HW= 4w =, 7hee, deld, gtoltt & 559 ofF AAME F3

]
T3 dlole el &3 (Sensor Fusion), 2 Y% =4 (Localization),
TP 2 AHH/5H AA A2, FAHZ Y D FYHE d
2%, £%, Als Ao 5 AT 7S SWE F3l AHElEr. Level 3
ol AT A~ o7|E = [1§ 2-1]3 #r

OPERANDS VALUE VALUE SUPPORTING SUPPORTING

PROCESSS INSTRUMENTS PROCESSES INSTRUMENTS

Objects in
environment

'
Object . . Cleaning H
'
MCU for i
sensors ' Power
et ' management
Object Recognition

' information Cooling fan '

: Vehicle ; Powering
H sensors !

! | Vehicle location b Integrated

H information

ADCU )
w Cybersecurity

i
'
- i
Driving strategy @ Driver status \ MCU for | Product/system
monitoring DMS ! boundary
Chassis ccu
actuators
_ Driving Visualization i
information

[1¥] 2-1] Level 3 o)A A&F38 A|2~E o}y elx?

2 ADCU* Autonomous Driving Control Unit, DMS+ Driver Monitoring
System, IVIi= In-vehicle Infotainment System, CCU+ Communication
Control Unit, MCUx= Microcontroller UnitS <] H]

; fin A2



g8 SW Stacke ol#g 1A, #Ad, Aloje Fa VTS
Fdsts HYd dagss EFI 8& SWeb FAl, 7erA,
AbOlH HGE, FA|Alo] T 7] Ves TS AT SWE AT,
A& A =EE ] 7] (Autonomous Driving Control Unit,
ADCU)7} wrdistar H3F3k A&538 SW Stacks W=E31 kg oz
75357 Y= 1A S, 28S Computing Platforms 222 gt}
z7] @A = o] e s HAazdHeldo] AAME AZAG
5, SW ZEadys & ADCUC dig AiA74ds 3,
o] AA A 28 AloE= Embedded System FEHE ADCUZ
ikttt dAl ADCU A& 918 Nvidia, Mobileye, Qualcomm
S Ht=A] AMAAE A4S SoCek Y R $9A|A] (Operating
System, OS) % SW/E EA¢1 o= 749 &5 ML EF4
A& OEM, Tier 1 AFGAF, A&F3d SW 7 dEHFA 5ol
FHsta vk AE71E el A Use Caseoll 7]9Hg A58 7]
St = a2, AlA, &5 SW, 145 SoC & 3 7|Eo] m=

o,

o]r

o]
3} 2
dagte] wel, dF/dE AA dedHE AYd  dx 14w
AdA s Adaty A 584 N 14T, nEEY] AEFY

Computing Platformeo] 7H2H& a1 Q)
A-&53  Computing Platform® 714 F4l& F2 GPU

(Graphics Processing Unit)®} NPU (Neural Processing Unit) 7] 9]

Adsl] $koh. B2 GPUv ey diky e de gy AibAHgE
aedow o7l #s AEHA=H, FsagH Oﬂ"}«] "4
AME s AEFd SWo Hyd dags Aol &8st glon,
NPU= GPU WiH] #&F3 SWol| E3}s}he] (Apphcatlon Specific),
Ao AYsrrgy =0 A7 ¥ Ao a8d AN 38
el AREH AL ‘ﬂr NPU= F=2 S5 AWEo=w 483 H3l=d)
H AT A2y ge 345 fulo]Agowm: Syl 9
A& A ="lo] A4, GPUS NPUE B AbgshE 3lo] FA0d],
o5 5 GPUE 7HigtelX 53 GddoleE My 5S4

k= SWE gEetal, NPU= A, S35 8 Swel
&4 F vk

A& Computing Platform®] A7 o] AkaAE Folstal,
GPU, NPU X3}, CPU (Central Processing Unit), FPGA (Field

Programmable Gate Array), ASIC (Application Specific Integrated
9 J‘;'J f‘-':f] =

E

T

15T



Circuit) & A" W=Al 545 a3 14ds, 188 A&F9Y
Computing Platformel] gt A7} AP o] gt} (Lin, et al., 2018,
Liu, et al., 2017, Liang, et al., 2021, Collin, et al., 2018). A}-&73Y
Computing Platform®] A7 Zﬂokoioﬂb X% (Performance), o=
(Predictability), A% (Storage), & (Thermal), A2 (Power) &<
x3tek=dl (Lin, et al., 2018), & E°, A% #HAA A&
Al 2~®1¢] Frame Rate$} Processing Latency® X3k 37 /EA o
gk weEEE Q7o) wheEE 522 100~150 ms HEuh wEA
AelEojof o, d¥ A AEFE AT HE AR= AT
Adlel Z FFS PRI ( Z12h). ol gk AA A8 iheE HS
A#Eo A=, A5 =0, & #HHAA 1IkW A AR Al (CPU 17K,
GPU 378 #t& 7H4), &9 of 10T &dss s, 22dse
WA Q2 Al 2"e e

71 AA AckasE aelste], Fo AEF 6@ SWE 7h&sh=d)
2ol CPU, GPU, FPGA, ASIC & ##3 2453 Computing
Platforms ¥xshd CPUE A&F3d SW HEAdso] Adye=z
Wolx a1, GPUZ} A5 (53], Latency) FWolA wl-¢- -3y 29
ae4o] w2 dHo] glow, AEARE g A a8
AoIM = FPGA HEi= ASICol dHHo= 3 Zoz A 5
(Lin, et al., 2018). o]#3 A2+ Tsinghua University®] NICS
(Nanoscale Integrated Circuits and Systems Lab)2] Energy Efficient
Computing Groupoll4 F/Wst= AAY 7F57] (Neural Network
Accelerator) 8 A= (Watt) tiv] <d4FE5% (Giga Operations per
Second) HeolHE Ha|Hqx dlEct [29 2-2]. 37 HolHE
wAetH, ASICe] GPU Hu dE v s =m&4d (GOPS per
Watt)o] AtidoR =& Zog el

o]t A A= AHEF3 Custom SoC 7| FHA AJALE S
Aggitt. ASIC so] A8 ] s a&AdA 9E e olfe
wAqow SWe| 53 Ho AAE Zsstr] wEld, o
W9l 53F AAY AF=7F B %S Custom SoColl %= fr& sttt

A

10 i A 2t



™M L]
B ASIC(Digital) Product 1000TOPs /W 100TOPs/W 10TOPs/W . 1TOPs, sYocors w
GPU Product n

mE
| I |
[ ] 10GOPs/W
| | |}
" |}
] ] ]
% 10 L ™
5 L 1GOPs/W
S [l | ]
3 . -
LN | B ]
| |}

1000TOPs/W
100

100TOPs/W
10

[18 2-2] NPU Accelerator H]al (ASIC vs. GPU)?

Al 2 A Tesla®] A&3F3] Custom SoC 7§ Al

FiF A i HEE 4% Custom SoCE 7N A&3F Aldl=
Teslaz} 199 FAgt A&5F3 A 2=EI9l Autopilote] 284
Computing Platform®! FSD3 (HW 3.0)°]t}. Teslaw 143 $F4F 285
HW 1.0 Computing Platforme] Mobileyed g 14% SoC<l
EveQ3E Aglglon, o] HW 2.0, HW 2.5 Nvidia®] W& 345
SoC?l Drive PX2ij 289t}

Teslax= A} A&Fdq A|2qo] QA S iox—qlgi
FTHokedl W18 A4S SoCe gHAE detelar, FHAbolza CEOQ!
Ellon Musk”} ’161d @A AMD®] Ryzen ©vlo]A R 3 2 A A 9 Xﬂ.%%
Zen wlolARoI|IHHE N Jim  Keller® A& F{isted]

AEAelztr W3t HW 3.0 93+ Custom SoCQl FSD3 7fwte
2=ttt FSD3 A5 AY 715 #A A5 HESoCe Hlulsle]
-9 =2 oo [F 1-11.

Tesla FSD3 71 Aol A =53 A2 Custom SoC 7Y WA s}
HH3 Tesla®l A84 fiAst melojty. Custom SoC 7B @A F
Jim Keller7} o1 Tesla®l @4 /dzze MAER/AMY A9,
o7l elx] AA|, IP/&787]s A, ob7I8lA FAAA &, NPU 7)ol
2H1& Fol A3 sk, UwA 1P o4l 7 (NPU A|¢]), RTL

3 Neural Network Accelerator Comparison, 20224 10€ 144,
https://nicsefc.ee.tsinghua.edu.cn/projects/neural- network acceler tor,
11 ol n A = l:]'

——| §



XAl A A /7%, Physical Al

X,

8 gt

OLE’ﬂ 3 q,

o7 el A AAEA SACNA Enpd
AA 22l ALz A
delpth e

Exynos &#& & Tesla
GEd ¢ Qdld Ao
A o =

dAA 2 SoC HHEA
ek Th

[ 1-1] Tesla HW ¥ A5 2 A|17]5 vla!

A
|= ¢]% Design House, IP HAEG A,

= Design House’} Fo3l= &

AA/AZ, dold Az, OSAT B ol&t

Foundry Q#|7} 9F3d4€<&
w3 Foundry® AAHE A A7}
Bkl Al Rl AZE A e
atef i 713HS
RTL A AA/AF
Teslax=  AA/71E

o
AeAlE mddor 83 Zlow

(CoAsia, 2021)

HW 1.0 HW 2.0 HW 25 HW 3.0
oA Al 20144 98 20164 10 201744 8% 20194 48
Computing Platform Mobileye EQ3 Nvidia Drive PX2 Nvidia Drive PX2 Tesla FSD3
TOPS (NPU) 0.25 21 21 144
FPS 36 10 10 2,300
Hz|ol (>174z2) 160 170 170 170
HY7toijet (BE) RCCC (&/X 214) RCCC (&/X 214) RCCB (ZE 44 214)) RCCB (ZE 44 214))
ADIE 38X HES e} e} e} e}
A KX (REAE|0]) o} o o o
X0 & BHx| e} e} e} e}
Xt o e} e} e}
QETIAZ LHH|A|0| M o o )
ADIE XHE FX} o o
AEE (FXLZ) 2lA/chE o)
T2EF A2f3t o
FHRIR/ AR AlZtst o
Al RE2 e o}
Teslax= @A AAW AE&3 Computing Platform?l FSD4E
AL FolH, ol FSD3 wiM] #AsA w2 AdS A=,

A Aol siFstE ZAH HE
Ao od=al gl
At 2l fAbsd,
ERES
de A, AAHow A
FrA B, ol71Ex A wA ol

il

* CoAsia, 2021, 11

i
/\C—]—O—H

[ 1-2].

walo]  9F Design Housed 9J&=E
2] o] A

i]] 7HH1—E},T;]—/\-] 74E p. 701] gl

A% SoC ARFT FAAY 43T

Tesla FSD4 71 2e18 A7) FSD3
ol7IE A FAIAAA AN FZAHQA DA
ELE =9 Fo=

2 WAet mEls

A B FHE ® AR A A 1E

CEE

12

Cnkek



Feks Fdl WA e =

7o

o

2 FoFE

[ 1-2] AA &3 Computing Platform B]a® (CoAsia, 2021)

A& Nvidia Mobileye Tesla
BN/t AIE 20224 2021 20224 (%)
Computing Platform DRIVE AGX Orin EyeQS5 FSD4
Platform £ SoC (Orin) x2 SoC (EyeQ5) x2 SoC (FSD4) x2
GPU (Amepere) x2 Host Processor (Atom)
TOPS 200 (%) 24 (Fd) 350 (F3)
TOPS/Watt 267 (F3) 240 (3) 1246 (TT)
3.39 (FF)
Foundry TR} TSMC HETREE)
Lt 339 8nm 7nm 7nm
° CoAsia, 2021, A5 EA] WLEbGA AE, p. 504 29 918
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A 28538 Computing Platformoll

o
o
AbE B Tledd =4 2ARE A3, CPU, GPU

o gt 5
AF A2 Computing Platform F3% A5 54 ust #A =i
2] 79} Nvidia, Mobileye, Tesla & @A 71 F<1 2FAH SoC AL
gt 7exts GHE A vBEA AEHAY VeAs 2RE
=

28] Custom SoC 7l ARHIQl FSD3 7ldel] digk ARgl A}

Astel @fE ARt wd AdEd] @ AEsh Bl

HFHE O g zfelst AlF3E-AH (Analytic Hierarchy Process, AHP)el

g3 o2 2 HeAly FHE2 APsa AHP AEFAF AY ES

AR,

2Alol A= AD-SoC 7B A<l Fo=ol gk
o H }‘

-

.

F7reE . H7F dolH 38 AHP 7w AR
o]Foxl=tl, AD-SoC 7I¥ #MAE2AY T8%E % AD-SoC 7W¥
AvEe E dAEd ToxE Wt & AEsn s AnE
THA.

A= A7 Hrr AoE Bt AETY A|2H T)E
A, AHFE SoC 7|34 2 AuA dd ¢ dHoA dds
FAATG. 271 A Aol diE AFE SoC /N HE7HeE EOE
T A5 FYd. Fo2, AT A de] A& v dHolA
Absx OEM % Tier 1 AFgAF 7 def dol tid AAAS
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X+&F# Computing Platform

WL S& =A

« CPU, GPU, FPGA, ASIC X2 2|§

« Nvidia, Mobileye, Tesla XtM|CH
14E SoC 0|4 At Bl

SoC ZH&/H|Z= Z2M|A ZAL
o HMZ7I1E, A AAHLY,
2787|&, Foundry 22| tHA| &
FQ g% utot

Tesla X}&F# Custom SoC 7%
Al 24 Zat 2R

HEEHEMY (AHP) 28211
« AHPO|2 ¥ H8AH 2|}
+ AHP MEZAYEAN X & 8T

AD-SoC 7H2t A5l Ho|

« HLSE 2ol Chet K71 7HLAE,
K2A/70, B /Foundry £ ¥ SISl
3ol

AD SoC 7Ht AlL}RIQ Ho|
+ AD-SoC 7Ht 2EMo| =@ o] 24 Y
ALZIR M E5

« Z|= (Gen 1) % ZMICH (Gen 2) AD-SoC 7HE
22U AL Ho|

AHP &8 H27} HIIE I8t HEXA M4
« HEZACHY A|AH BHEX| 20F M2 MY
« () #HS F2E U (2) AlU2[0| e
SOl Z2T H3lo|| st Hot AE2X| =Y
+ M S YAO|EES 0|88 M7t HEXA
Al

TE7L Yot Zat FE A A2l 2Y

- NSO FZE Bt A B8

- XBFY 7|2 £F, AT
SoC 7|2 W MeA &3 2
el 24

AT Ao A B IksY %
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« XtSXH OEM X Tier 1 AFIXL2|
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]
Az 39
/]\j

R b
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AHP+ Saatyoll ©al Z<td oJAbAAd WHE T shu=E, 7199
g oA AA MY tart Foete HBFbsta bR FAL
H O gAPAA o=V 7HA] IR B4 WUFedlS AT R
sb g &, Adieu 3 Brrecle FaxE Hrietal
o w tiehs Wriets W EClt (Saaty, 1977). AHP=
o= Auvla wjElygxe af WE (Eigenvector)E 83
&5 Wgel 71xsan o (Saaty, 1977), EAll
A7} (Absolute Judgment)®} M]3 7} (Comparative Judgment)
AR A2 s Aol ZIRkekal it} (Saaty, 2004).
AHP & 2], H7Ix&= v &2 = (Ratio Scale)E o] &
715 (Tangible Criteria) % o}Yz} #®]F38% 7]% (Intangible
Criteria)el ®i3iA R7l& St (Vargas, 1990). 53, T
Hrraglel ik Wwgrt #BAFoA  HrEAY dHAS SAHsE

A A8 & (Consistency Ratio)S &85t H71e] AFHAAE #A|ad 4
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ATE (Saaty, 2004). H&AA 2215 agdof sli= 2ALA Ao
HrtAbe] A EES AAHeR A=A A &&=
Alggtths HellA AHP= Aol A

aRd, AHP7E ojAbEd WRlEoRM #as] %%H/H-E @ﬂ#
7}54 (Reciprocal Comparison &8]), ¥
A (Homogeneity &%), #7759 5HA (Independence %‘F’/D,
Tx9 x4 (Expectations &) & olEF HAAzHo]
Flojof 3t} (Vargas, 1990). AHP7}F AjetE o] 5 A7) AA|ZA <]
ok W E A oAy EAIAC e B2 Ag-Ake] A Ho
o]d, 2013, H%H 2020), AHP7} zt+= 284
1 8HAl, A, 719 &9 A7 2 AH oJArE A
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F3 AD-SoC A A, CPU, GPU & <zt &% #&< 1P 4
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(Al.1) As&3xo thdl Safety vkl AA F2lo] 718 T _%7}
A BJ7rE wiAel= oA mAES Tl e AFE Level 4
AT A" Vs do] adE AoRE dddn. = Hugk Use
Case Ao ANUWFd oF, F FE A= &
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Abstract

Key Drivers of Developing

Custom SoC for Autonomous
Driving System (AD-SoC)

Youngsuk Ko
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

Automotive industry is under the paradigm shift toward software
defined vehicle (SDV) and the underlying technology disruption in the
hardware domain of automotive embedded systems can be
accelerated by the adoption of custom system on chip (SoC). Most
automotive OEMs or Tier 1 suppliers have not accumulated
understanding or experience in custom SoC, let alone capability to
establish and execute effective technology roadmaps. By identifying
key drivers of developing custom SoC equipped in the computing
platform for level 3 or higher autonomous driving system (AD-SoC),
this study aims to contribute to the proliferation of custom SoC
technology in automotive industry in the long—term perspective.

For this study key drivers of AD-SoC development were defined
in product planning, design & development, and process &
manufacturing technology; expert surveys based on analytical
hierarchy process (AHP) were conducted to prioritize the key drivers
and evaluate the changes of priority under AD-SoC roadmap
scenarios. The survey results revealed that the key drivers in
product planning and design & development are more important than
those in process & manufacturing technology. Especially, setting

safety margins and selecting optimal [P and process technology
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matter most in product planning, while SoC architecture design and
designer & developer capability are most important in design &
development. Such key drivers are far more important under
aggressive roadmap scenario, where similar or higher performance
targets are set against alternative general-purpose SoCs and latest
IP (Intellectual Property) or process technology are implemented.
This study provides practical implications to automotive OEMs or
Tier 1 suppliers. In product planning performance requirement should
be rationalized and IP or process technology should be selected on
optimal basis; in design and development recruiting top-level SoC
architects and internalizing Neural Processing Unit (NPU) should be
considered, while open innovation with eco-system is pursued. In
addition, stepwise roadmap strategy which adopts conservative
approach for the first generation and sets stretched target for the

next generation should be considered with priority.

Keywords: Autonomous Driving, Custom System on Chip (SoC), Key
Drivers, Analytic Hierarchy Process (AHP), Technology Roadmap
Student Number: 2021-20677
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A1 AT A R I8A

A 1 & A2 AF7|E 413 Custom SoCe FL4

Az A A% B A FA 1% Aedd F oehte

AXE O] Ao A% (Software Defined Vehicle, SDV)o]t} (Meissner,

et al., 2020, Windpassinger, 2020). A2} OEM = Tier 1 AFG A=
Au 2 gl R Sebe-eete] A4 AstE Fill AZE o (Software,
SW) =402 A= 7]%5S AT = 9o, ol Ea] ALEx Hd
Aol A 2] 7HAE AEH A1 4 vk SDV 7S Asak
A W ARG §AS 7oAl ot e A 7o 5 ofu|sthH,
olglgt Wsl= oln B AHFAT|E AMFAA  #EE

(Cusumano, et al., 2019). A&2} 2GS 2= B 255 A3

.

FTA e AR A A EQ O FA AFYEE (Software as a Service,

SaaS), Z#¥E T4 A ED (Platform as a Service, PaaS) & AH|~
A AR R Wskstal Qv [ 1-11].

SDV &S HAaiMdes AF  A7Ida oplgA e 53t
stEdglol-AZES o] o] wWE Aoyl SW ZAESH A7
1453, ¢, ZesE AT AEE Al&" §iEA kst
Aol s "4%% 7= Aalo]l FrkEojob g A A7)}
ol7|El A o] HFsh= 71 E=dQl A o9 AHEFE gy 7wt
o}7181% (Zonal Architecture)E AA 435 o794 (Centralized
Architecture)® 2138 Ao w HEw, o]= SDV T3S 3+ A=
el 7Hd 7124 EdE Aledd. A4 dr)AAk O}ﬂwﬂe
7IWk o ® ApgE Alo]7] whejol A= Al ¢arg
SW (Application SW) 70z} o]& @&4ola
dHA o T FEety] gk A =E SWeO| EHEsE dgH A gt
(Bernhart, et al., 2022, Fletcher, et al., 2020).

A% A7AR opzlEAe AFs 2 Aoyl swel s
=33

UIN rz rlr

ZPE3E= Aojr] st=9e] (Hardware, HW)9] 11453}, 3},

st5 7AQlsta k. o E E°], Level 3 & Level 4 A&53
g2 dyyd 7Rk SWE F&3sh7] f8 a2Ads A7l (High
Performance Compute) 7I-& Q8 73tal Jom, S EHQ 53 ol
wet 71E AR E=Wld dEst Erle] T8 HWHA T X}a"ﬂd
2 ),\—e .*,3 L



Ae]7] (Vehicle Dynamics Control Unit) 7'&o] 8= glvf, HE3H
49 7wk ol EH 2o W3l Zonal ACEdolet T ®F3
253 B B3 Ao]r)e Mae =83 gl

Vehicle Platform Cloud Platform
SWE HW % HHX/MH|A & e ]
Embedded SW Hof ndssl ‘ MH|A Cloud I Cloud
assyERBS | | SHsy/ESS EEs ExEs .
2E . Deep Learning « HPC * App MarketplaceL + MLOps =4
2|, Hypervisor « Modular Design « Advanced « Cl/CD Al
Vehicle « SOTA/FOTA « Custom SoC Diagnosis « Virtual Dev. &
=M  Adaptive * High-Speed loT + Containerized Validation “SWasa
A AUTOSAR Network s Computing « Data Lake Gl
t= t] t] ! ) il «Platform as a
- - Service
. HM7|MX} OF7|E%{ 2| El=38} 5l0|=22| = Cloud Infrastructure «Infrastructure
;T;j « Cross-Domain « Public Cloud as a Service
« Zonal « Private Cloud
« Centralized : i « On-Premise
[717 1-1] A5 d37]% 84l Framework'
olggt Aloj7] HW &Aloll o] x&F-& Custom System on Chip (SoC)
7]so] Tag 9 8 sl Ak SoC= CPU, DSP, #lxg]
[e) )= =] =] = 2
5 9] drel Qg g6 vAEd 75 B3] she] Jow
HAgE gAY, A7 = AEE wEA QA7 HE SoC Al
gejz A, weste Aol AEA A o FEAL. 5, A%s
HEE A A AL BHeA] 7] 2d F=A19F First Mover AHs2F OEM %
=

HE EAE T

T, ®Zukd, AFE S ZEEAVE Al A, Fole WA
T WA Zle"al 707 ehwkel Xa, OEMe] AlE 2 7l ApEs)
ool AXUAM g W=AZF obd AHA] Custom SoCE 7HHsh=
FAZE Sdsta ok AAR S2d A= Vs V1] S ARt
HEEA] AR S GRlskal A eeells Eretal ARl SoCE NEeled

! SOTAE: Software Updates Over-the-Air, FOTAY Firmware Updates
Over—the-Air, AUTOSART Automotive Open System Architecture, HPC+
High Performance Compute, MLOps+= Machine Learning Operations, CI/CD
£ Continuous Integration/Continuous DeliveryZS 2] 1]
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AL AlFE] F#saL 9tk (Shead, 2021). AHsAF Aol M e 2E At
OEMo| A} Ao E3}sle]  Custom SoCE  7/fWtslazt  dhe
=4 o] dojutar glom 1A4%E SoC ELOMW ;cw Tesla7} '199

S8 A|2~ES 913 1145 Custom SoCE 3k Al# o]t}
2154 Custom SoCE HE SoC o] Qf@ Zled AHE
Agsted, FolBu: 253 OEM H+ Tier 1 AFAAZE AAle =
A] gl SWell HHzhe WAl Adg AAT R, ol 9%
HA o] o718 A B IP/eA7|ss ARt Aol Zhssith ol
71 ZAH i 28 Custom SoC 7]E& &3 SDV +dS 93
Ael7] HW A HAmsi=g slaxdol odske s oz
og¥t}t, &, Custom SoC 7]&2 HE SoC ©tiv] By FHH3w

Computing Platform 70 7FsshAl go=z4, A7) 1A%
2353l g3 o] AEaF OEM HEi+= Tier 1 ARG A Al 2 A 91
714 $9E AT F ds oz AgE,

A 2 A =L Custom SoC 7] FQ o4

A2k OEM ®x= Tier 1 ARIAZE A8 Custom SoC 7Hd=
Askzdl glol Fef 29l Custom SoC 7Hel] oieh olsfeh A el
Sokal, a3 TVl 2R Y 93E $29] ﬁﬂé}x} LR )
o Aotk AFE WA= tiF2e AeA OEM Hi= Tier 1
dAl A et ZlE WAt ool ofler, ?HHE T3 2
BEog oAA g} ol#s AAL uinA A 7&S EI Al
ol7|Elx o] Al FT5l7] Hue R AAE T 91EAES

A

BEE WEAT A7) HEss A o Be FHEAE E

@r
o
1z

g W adel elEa] owA, GREe] A
OEM % Tier 1& A} mi wAAe]l 87l Age AR
WEAS AR 9% AFNE, opgA AA, FE A8 F
A odero] Aol o]dA Hth AAR, B AL Tier 1 AFIAS
Agsta, wE A ALY obluA Had] mel wwAl slE HA

= =

EEsa olo] Hgshs AU WEA A% wws

A ST Top-down A9 71&84 B9 ok, wwd
<l

ARAY 7% 2EW 2 84 &Ee| %Eo] RE AW A



Ean

ob7)e)xe] HAL 7= Bottom-up A9 /&N mAS @e

Tier 1 AFLA S0 =3 Q)

A& OEM = Tier 1 4%47} ZHeta Q= Aojall T =
U2 sty Custom SoC 7HEHe] B3 Fapge] ol dnbAow
oo Asak OEM 2 Tier 1 AMFAME i o= djxe= W&
SoCe Witk =% gro wWgE o AA AdS F3f i
47ta3 3l TP Running =LE, dol¥ #®[E o @7} it
7beato], A&4Q 7HARAY FeE 7IE o ok dbdel, A=E
Custom SoCi= 54 Absak OEM 2% tide= A go] AdH o] HE
SoC wiH] x4z &R 7hsdh =] Ao qFEe Al wAdolA
Lolsltl. o]# 3k o= ofA7A We AEx H oub o

s OEMO] whex] FAALst =es 54 &2 A
2t (Burkachy, et al., 2021).

Ht A Al2E dheA] AA o] g A8 Custom SoC
ke gist A5k OEM 2 Tier 1 AFAAFe] 714 olse} A&
Helsta, FAgoAde HESE erﬂ 7w REEWES FHsheET
44 s A o= ey, dwrdo® Custom SoC 7]
ol OEM (=& Tier 1 AFEAbH Xﬂ% 18, o718 A A7 = 1P,
TV % AAE FE3a Logic ¥ Physical 27, B7}= Design
House & &% HAEHGA e =& et 343 T e A Al~H

+ Fabless, Design House, IP & /WA A7 S71sk=

WA Wdasta 9lom, RISC-V InternatlonalJJr 2o 9E IP

T Al=El wkeA] A gl T]oqE Ao=

o, AEx OEM TE Tier 1 AiAtE A&53 74w
d S A= AFE F3 Custom SoC 7B AES
AgEFs gdE 3 TS A 5 v
74, AAE Al2~® 2 SWol| 243} s= Custom SoCe] Aol o
& =)

A 2p 7 ]OHZE zZA4d uet AE71E L

=]
ol f"‘

=

A= A5a OEM 2 Tier 1 AMAF S5l A 21%-8 Custom
5 fm-! ‘~ ST l|

17



SoC A% =E BHel FFS wHE A4 E
%

1A% Custom SoC 7§He] FAb

Aol mEAS Al A7t A8 Custom SoC+ SAE
(Society of Automotive Engineers)’} A 23t Level 3 o] A&F3)
Al2="le] A5 = 314% Custom SoC (¢]3F AD-SoC)= gHg gt}
AD-SoC 71&e] 4 Atdl 2% TeslaZl '199d #A] 7feke FSD37}
Uomw, AD-SoCe| thA| A=A v 7}sdk A8 W8 145 SoCY
oAl 2+ Nvidia®] Drive AGX Orin, Mobileye®] EyeQ5, Qualcomm®]
Snapdragon RIDE &°] Jt}.

2 AT AT e
“AD-SoC 7H¥HE3% o]

AD-SoC 71 =Ew Ao =8 Awisgo] mel Aot
71 AT I 24 AddE wgeR Agak OEM 3 Tier
1 AR 3ol AD-SoC 7=l wigk AAbdS =adch
AAR EES A9 Z7] AD-SoC WEHER #ielr Feo M
| R e B =
Atk AD-SoC 7Nzt ojgh

Fo e et 2 A, AD-SoC ALEHE YHL faiN
MANE % FAAZ 4P Fusl 4 FLSTh AD-SoCE 4§
AzE REA F 7P e Aol ATHE SICEA A 29
WA AANE, BR7)E0l aTH, olF s A P, BH71%
480 Wasy] wWEelth EA, AD-SoC AWE Axw wmA
A BEF GAFAL o SIStk 4EF OEM % Tier 1
AR Al A % AR S, ASA OEM 9 Tier
LA AT AR BEA A Qe 8 24E TEs, P S

N,
i)Y
_>,i
2
=
2L
i‘&
il
=
29
_OL
N,
;L
E

w 5% o Auel

4257 wFolth A, AD-SoC 4

Aalshs Ggew Agshz Aol Aashd ol Ags wwd
©

WEA ARGATE AL 24 14% e SoC

6 ] & 1_l|
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Al 2F AEF SoC 7]1€ Me L AL

A 1 A A&3F3) Computing Platform 71 &

+ AR % (Advanced Driver Assistance) A|2®l HT} 7|&4 o=
Ax¥ 2AEF38  (Autonomous Driving) Al2®lS A9 145
Aoy712 FAEH, <A (Recognition), H (Decision), o]
(ControD)®] A% 7|5 TS Sl A="l 8% Al 227} Take-
overshi= Level 3 A&Fd L& &12ke] Take-over’t & §le
Level 4 AHEF85 78S A&F A= Aoj7l= AA SWe
HW= 4w =, 7hee, deld, gtoltt & 559 ofF AAME F3
33 dgolH 9 53 (Sensor Fusion), 2% 91x =4 (Localization),
FRE L BA/5H AA QA FAEAE A B FRAE A9
zZ%, £%, Als Aol T AR 75> SWE F3] AgErt. Level 3

ol AHEF AlxE Y] op7|FA = [21 2-1]13 Zh

i off ol

il

OPERANDS VALUE VALUE SUPPORTING SUPPORTING
PROCESSS INSTRUMENTS PROCESSES INSTRUMENTS

Objects in
environment

' - - '
H Object . . Cleaning H
' raw data Detection Sensors Cleaning module i
'
MCU for i
sensors ' Power
et ' management

Object Recognition

' information Cooling fan '

: Vehicle ; Powering
H sensors !

! | Vehicle location b Integrated

H information

ADCU )
w Cybersecurity

i
'
- i
Driving strategy @ Driver status \ MCU for | Product/system
monitoring DMS ! boundary
Chassis ccu
actuators
_ Driving Visualization i
information

[1¥] 2-1] Level 3 o)A A&F38 A|2~E o}y elx?

2 ADCU* Autonomous Driving Control Unit, DMS+ Driver Monitoring
System, IVIi= In-vehicle Infotainment System, CCU+ Communication
Control Unit, MCUx= Microcontroller UnitS <] H]

: 5 2] 8 5



A&FY SW Stacke olglgh 1A, ek, Aol F8 Ve
Fdsts HYd dagss EFI 8& SWeb FAl, 7erA,
APl H L X Ao T 7] Ve s T A~ SWE A H,
g7 A =HE ] 7] (Autonomous Driving Control Unit,
ADCU)7} Wdistar 533 2458 SW Stacks w23 obgzx o=
T537] Y= 1S, 11a&S Computing Platforms Q& 3k},
z7] @A = o] e s HAazdHeldo] AAME AZAG
2, SW ZzadYs Fd ADCUO uidt AayAFMNEs 85k,
olF AA i HE Al Embedded System HE|Z ADCUE
ikttt dAl ADCU A& 918 Nvidia, Mobileye, Qualcomm
S Ht=A] AMAAE A4S SoCek Y R $9A|A] (Operating
System, OS) % SW/E EA¢1 o= 749 &5 ML EF4
AH&2F OEM, Tier 1 AFGAE, A& SW AL AEAA S
swotal Stk AlSE7]18 AFdeA Use Casedll 7IRbgE A-&53 7]
St = ar, AA, AE&F8 SW, 14d% SoC & F3& 7]&o] w=

o,

o]r

o]
3} 2
dagte] wel, dF/dE AA dedHE AYd  dx 14w
AdA s Adaty A 584 N 14T, nEEY] AEFY

Computing Platformeo] 7H2H& a1 Q)
A-&53  Computing Platform® 714 F4l& F2 GPU

(Graphics Processing Unit)®} NPU (Neural Processing Unit) 7] 9]

dQlal vk 9% GPUw= g8 <4 28 v diFdF dabAeE
ae4o® o7l 8 EEHA=dH, FEiaTH oﬂ"}«] "4
AME s AEFd SWo Hyd dags Aol &8st glon,
NPU+= GPU oiH] #&53 SWel| E3}s51 (Apphcatlon Specific),
A AYARFY =& 47 ¥ AsoE a&4 dAiE Fd6)
el AREH AL ‘ﬂr NPU= F=2 S5 AWEo=w 483 H3l=d)
H AT A2y ge 345 fulo]Agowm: Syl 9
g8 Al 2" 79 GPUSF NPUE EF AREshs Aol FAQld,
& =9 GPUE 7Zhelgtell A 53k ddelHE WMdsiAY 54

o= SWE sk, NPUw AA2, Fadg +9 SWe
&4 F vk

A58 Computing Platforme] AA A2 AL ArE AHolsla,
GPU, NPU 33}, CPU (Central Processing Unit), FPGA (Field

Programmable Gate Array), ASIC (Application Specific Integrated
9 .__:I'x 'k..- i

E

5 Tff ©
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Circuit) & A" W=Al 545 a3 14ds, 188 A&F9Y
Computing Platformel] gt A7} AP o] gt} (Lin, et al., 2018,
Liu, et al., 2017, Liang, et al., 2021, Collin, et al., 2018). A}-&73Y
Computing Platform®] A7 ZﬂokOiOﬂL X% (Performance), o=
(Predictability), A% (Storage), & (Thermal), A2 (Power) &<
x3tek=dl (Lin, et al., 2018), & E°, A% #HAA A&
Al 2~®1¢] Frame Rate$} Processing Latency® X3k 37 /EA o
gk weEEE Q7o) wheEE 522 100~150 ms HEuh wEA
AelEojof o, d¥ A AEFE AT HE AR= AT
Adlel Z FFS PRI ( Z12h). ol gk AA A8 iheE HS
AT e, AE 5o, & #HNA kW d¥ &K A] (CPU 171,
GPU 378 #t& 7H4), &9 of 10T &dss s, 22dse
WA Q2 Al 2"e e

71 AA AckasE aelste], Fo AEF 6@ SWE 7h&sh=d)
2ol CPU, GPU, FPGA, ASIC & ##3 2453 Computing
Platforms ¥xshd CPUE A&F3d SW HEAdso] Adye=z
Wolx a1, GPUZ} A5 (53], Latency) FWolA wl-¢- -3y 29
ae4o] w2 dHo] glow, AEARE g A a8
AoIM = FPGA HEi= ASICol dHHo= 3 Zoz A 5
(Lin, et al., 2018). o]#3 A2+ Tsinghua University®] NICS
(Nanoscale Integrated Circuits and Systems Lab)2] Energy Efficient
Computing Groupoll4 F/Wst= AAY 7F57] (Neural Network
Accelerator) 8 A= (Watt) tiv] <d4FE5% (Giga Operations per
Second) HeolHE Ha|Hqx dlEct [29 2-2]. 37 HolHE
wAetH, ASICe] GPU Hu dE v s =m&4d (GOPS per
Watt)o] Ao & o7 YEpdt)

olgfst AF A= AEF3 Custom SoC 7 FHo|A AAE S
Aggitt. ASIC so] A8 ] s a&AdA 9E e olfe

wHqow SWe| 53 o AAE Zsstr] wZ<ld, o

W9l 53F AAY AF=7F B %S Custom SoColl %= fr& sttt

A

H‘i
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™M L]
B ASIC(Digital) Product 1000TOPs /W 100TOPs/W 10TOPs/W . 1TOPs, sYocors w
GPU Product n

=l unm
| I |
[ ] 10GOPs/W
| | n
™ n
| | n L]
= 10 omy
P " . 1GOPs/W
S - |} |
3 . .
& | B |
L] n

1000TOPs/W
100

100TOPs/W
10

[18 2-2] NPU Accelerator H]al (ASIC vs. GPU)?

Al 2 A Tesla®] A&3F3] Custom SoC 7§ Al

FiF A i HEE 4% Custom SoCE 7N A&3F Aldl=
Teslaz} 199 FAgt A&5F3 A 2=EI9l Autopilote] 284
Computing Platform®! FSD3 (HW 3.0)°]t}. Teslaw 143 $F4F 285
HW 1.0 Computing Platforme] Mobileyed g 14% SoC<l
EveQ3E Aglglon, o] HW 2.0, HW 2.5 Nvidia®] W& 345
SoC?l Drive PX2ij 289t}

Teslax= A} A&Fdq A|2qo] QA S iox—qugi
FTHokedl W18 A4S SoCe gHAE detelar, FHAbolza CEOQ!
Ellon Musk”7} '16\d BA] AMDY Ryzen wvjo]a =3 2 A A Xﬂ.%%
Zen wlolARoI|IHHE N Jim  Keller® A& F{isted]

AEAelztr W3t HW 3.0 93+ Custom SoCQl FSD3 7fwte
2=ttt FSD3 A5 AY 715 #A A5 HESoCe Hlulsle]
-9 =2 oo [F 1-11.

Tesla FSD3 71 Aol A =53 A2 Custom SoC 7Y WA s}
HH3 Tesla®l A84 fiAst melojty. Custom SoC 7B @A F
Jim Keller7} o1 Tesla®l @4 /dzze MAER/AMY A9,
o7l elx] AA|, IP/&787]s A, ob7I8lA FAAA &, NPU 7)ol
2H1& Fol A3 sk, UwA 1P o4l 7 (NPU A|¢]), RTL

3 Neural Network Accelerator Comparison, 20224 10€ 144,
https://nicsefc.ee.tsinghua.edu.cn/projects/neural- network accelfrr_a!tor/ l
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A AAI/A S, Physical Al AAI/AS, ol AlZx, OSAT 2 ofst

Design House, IP A& 94|, Foundry 947} 384 <&
=3 $'g;ﬂu}1 dH Aok T3, Foundry= AAE A7
Al Al Bupd fofell A ik ASH A AR
Exynos % FE& Tesla A7 4o #HHHd22 AFsto] /Y 7|HES
g5 ¢ dd Ao gy aea, RTL A AA/A<
GAlol= =W Design House’} #edli= 5 Teslax= AA/7)w
o o=
s}

o
S
Ny
)
o
é
i

o
Aol =2¥ SoC ¥rex] AHAE adAes &8 3o

[3 1-1] Tesla HW ¥ A5 % A47]5 v]a* (CoAsia, 2021)

HW 1.0 HW 2.0 HW 2.5 HW 3.0

oFAt AN 201444 98 2016 108 20174 8% 20194 48

Computing Platform Mobileye EQ3 Nvidia Drive PX2 Nvidia Drive PX2 Tesla FSD3
TOPS (NPU) 0.25 21 21 144

FPS 36 10 10 2300
Hz|ol (>174z2) 160 170 170 170
HY7toijet (BE) RCCC (&/X 214)) RCCC (&/X 214)) RCCB (ZE 44 214)) RCCB (ZE 44 214))

ADIE SA8X HEE o o o o
A /x| (REAE|0) o o o] o]
Rpado|E x| o o] o o
ApM A o o o o
QEIUZ LiH|7H 0] o] o o
ADIE XHE FX} o o
ASE FRB) A4/ o)
T28E AlZfEt o
FHRIZ/HONE A3t o]
AL xt233 o]

Teslax= @A AAW AE&3 Computing Platform?l FSD4E
i Folw, old FSD3 thH] dAsHA =& AYS G-,
A Aol s st ApAt W8 31/d5 SoC AMS sdaAY 43S
Ao o gt [ 1-2]. Tesla FSD4 7% 292 237 FSD3
i RE FAbsiuy, ofF|ElA AAAA dAlCl A E2HA ] A
ZP2ZS Jdsle]  9]E Design Housed 9JE&EXE =9 Zo=
dH Y. AAF R A wAolA  Qlo] HdEA Az RS
A sk, o718l AA @Al A A FEE B A A A

b

il

t CoAsia, 2021, LS EA MLErIA AE, p. 7oA &9k 2
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e

[ 1-2] A #A&3 Computing Platform B]2° (CoAsia, 2021)

REEA ALErd HE, p. S5olA &

13

A& Nvidia Mobileye Tesla
BN/t AIE 20224 2021 20224 (%)
Computing Platform DRIVE AGX Orin EyeQS5 FSD4
Platform £ SoC (Orin) x2 SoC (EyeQ5) x2 SoC (FSD4) x2
GPU (Amepere) x2 Host Processor (Atom)
TOPS 200 (%) 24 (Fd) 350 (F3)
TOPS/Watt 267 (F3) 240 (3) 1246 (TT)
3.39 (FF)
Foundry HEExt TSMC HETRL (FF)
Lt 33 8nm 7nm 7nm
® CoAsia, 2021, A5
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(2 7)) AHP 28 M7} 4EZAL

G BM U BB =S

X+&F# Computing Platform

WL S& =A

« CPU, GPU, FPGA, ASIC X2 2|§

« Nvidia, Mobileye, Tesla XtM|CH
14E SoC 0|4 At Bl

SoC IHL/H|Z= Z2MHA ZEA

o HIE7|8, HAISMTHLE,
38714, Foundry 22| Tl €
= gz 0o}

Tesla X}&F# Custom SoC 7%

Mell 24 23t a)s

HEEHEMY (AHP) 28211
« AHPO|2 ¥ H8AH 2|}
+ AHP MEZAYEAN X & 8T

AD-SoC 7H2t A5l Ho|

« HLSE 2ol Chet K71 7HLAE,
K2A/70, B /Foundry £ ¥ SISl
3ol

AD-SoC 7t AlL}2|2 He|

+ AD-SoC 7Ht 2EYo| £ O 24 Y
ALf2|R W EF

« Z|= (Gen 1) % ZMICH (Gen 2) AD-SoC 7HE
ZEY ALZ|R Fo|

AHP &8 FE7L WIHE 918t HEXAH AAl

« HEZACHY A|AH BHEX| 20F M2 MY

« () HUS FE U (2) AlLt2|0) oh2
SOl Z2T H3lo|| st Hot AE2X| =Y

+ M S YAO|EES 0|88 M7t HEXA
HAl

TE7L Yot Zat FE A A2l 2Y

- NSO FZE Bt A B8

- XBFY 7|2 £F, AT
SoC 7| 3 YEHA &g 2

el 24

A ol Y X 7ksy *

Y A =8

« XHSXt OEM U Tier 1 AtRIALS|
AD-SoC 7Ht T2f 4-Eof| chet
AAE £

AT BAH A 8% FIH AT Y

(19 3-1] 9+ Ay
A 2 A AFIFEAHE (AHP) 1L
B A3E 93 ©23 AD-SoC 79 alAEole AE78, A,
Az G9d Ax UYEF-FEF-22F7Y A=FxZ o|FoA i,
A AAE1e 4= 29700t ol# gk vre] HAsh A E Rl s
4 AE7Me] HF o1s asdola AAFeR 1, 48] s

AHPE A= o)

AHP+ Saatyol] 93] #<td A2 wEE =
A AANHRE Ty} HoJee EzEu
T oALA A olE7|7FA] HIkA 7 BEA g@rte
3@ F, Arula A Fd B7hedld

HlEo 2 tieke ¥
o

sz, 71919
gitE Tk
How

&

AHP+
oz WE]  (Eigenvector)S 83k

&S5 W 71Zz38kal 9o (Saaty, 1977), SAlol
37} (Absolute Judgment)®} W]uH 7} (Comparative Judgment)
AR A2 s Aol ZIRkekal it} (Saaty, 2004).

AHP &£& 2], 7= H]S-3 % (Ratio Scale)E ©]&3to] 34
7] (Tangible Criteria) ¥ ofYzZ} H|-F3FHZ
Criteria)ol] ®sir H7IE F3P3t} (Vargas,
B7ralel g wwgrt B A
A #AH] & (Consistency Ratio) & &&3le] 3 7)o

15

1977).

A
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Do 4o o 4 4
O T Y

71

1990).
VoYL

SERE

(Intangible
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w3,



ATE (Saaty, 2004). H&AA 2215 agdof sli= 2ALA Ao
HrtAbe] A EES AAHeR A=A A &&=
Alggtths HellA AHP= Aol A

aRd, AHP7E ojAbEd WRlEoRM #as] %%H/H-E @ﬂ#
7}54 (Reciprocal Comparison &8]), ¥
A (Homogeneity &%), #7759 5HA (Independence %‘F’/D,
Tx9 x4 (Expectations &) & olEF HAAzHo]
Flojof 3t} (Vargas, 1990). AHP7}F AjetE o] 5 A7) AA|ZA <]
ok W E A oAy EAIAC e B2 Ag-Ake] A Ho
o]d, 2013, H%H 2020), AHP7} zt+= 284
1 8HAl, A, 719 &9 A7 2 AH oJArE A
)?:_]Xﬂi At 2020d o] KCI a4 = =%
% 82671°]H olF ¥
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AHP of-g- veFgkd], A€ (Selection), 7}
(Evaluation), w21 (Benefit-Cost  Analysis), &
(Allocations), 7]1% % 7§49t (Planning & Development), 4113}
(Priority & Ranking), 2JAF24 (Decision Making), <5 (Forecasting)

0

o}
a9

o
T
2

dmrlr
O

A

S polz st & gdow, e dpAny F450] Ut (Vaidya,

Kumar, 2004)

Al 3 A AR AERA W

B e Pohas delHE AR AERAE 5
x=

MEZAE AT S4AR AwHA AA, AD-SoC MY BE 2HL
A% AYEL FRE b A, AD-SoC A Ateed me

j

[e] OE{ R
AT3HA A7 f *‘—i%i*}oﬂ g dE7he & 25W o=
h=i
-

6 DBPIA (http://dbpia.co.kr), 20221 109 149 A 7)F
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F3 AD-SoC A A, CPU, GPU & <zt &% #&< 1P 4
Ao wet P gpol Al R

(Al.2) HAl IP/3A7= 7‘331 AR wdol T8AES Zev (AL3)
g AA/ N A HAA F

M 4y =+ 2 95 JiEH] (Outsourced Non-Recurring
Engineering Cost) A7te] 9IS F7]% A|n, HU SE2Ho=Z =
252 OEM H+= Tier 1 AFAAZE 2 wbwA] AA|/7RE =9
WAlst defell F3Fs A7) wjEe] dAEdewmA Fagh ouE
Zk=

(B) AD-SoC AT FE7F FEIdo= (BL) SoC oF71€4]
A7, (B2) IP golAld, (B3) AA//ME Q14 Agfo] =&H At 53],
(B1) SoC o}7181x A7 &<l AD-SoC HA| of7|elx AdA] Fa
gArAA Ay BEE Feo® (Bl.1) CPU % NPU Configuration,
(B1.2) GPU vs. NPU 2+ H=#3} A7, (B1.3) NPU #pA| 7pd ofF
ARy Fe F8e «V} 3 AMRRE e AEF Al2E9] Use
Case B 7|5 (o, AWFE3]y, 1&Hem AAWAE 9 34 5), AA
2 Ao7]o] ME ALY, 7], HeokS aedk SW Stacke] o}7]ElA
AHEx OEM HE Tier 1 AFgA E=2 tz2A4 A wHE=d),
MEA 7AYo A3l Custom SoCE /st A5, H&
A WAl E Fete] el AS- diE] B 284
w915 FHET 5 Qvk o9k o], (B1) SoC oH1HA
Custom SoC AAZ o] EAAo=Z JIFS WA= T8
gt (B2) 1P ghel4lsd 592 CPU, GPU, NPU, wlxg,
1/Bus, Power & AD-SoC & E= ¥ & [P ol
a3y #Hd sdo=, ds W ofyzt P goldlx HE

T 9g3s mY. (B3) AANE A AdF A A=H
PPA (Performance, Power, Area) ZZA3slo] 3¢S

A9 7= A, A¥ T A4 9% L
F&Y BEy Foow A AAME 7 2
! Design House 5 &5 AA|/7/1I dexte] o= (B3.2)0=
3}04 XJ‘/]’c’iﬂE]—

(C) 3AAx J9AMY 52U (C) F47I= (C2) YAityaoz
Ao FALt (C1) &A47|eS vAla4 XA, PPA (Performance, Power,
Area), Yield =, IP T4 5 AF 508 x3slH, (C2) grbda
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(A1.1) As&Exel U3k Safety vzl AA s<2lo] 74 o7}
A B7kE Aol = obA mAs dAll Sl AR Level 4
AT A" Vs do] adE AoRE dddn. = Hugk Use
Case B4 NWHF A%, F3 FE Afrk =
a84 AA Toll 7|¥kste] AD-SoCe Safety vk, =, System
Redundancy & 7AMS HAidtow AAHS H9- AD-SoC Hs ZxS
HA AA s F on AzHow it EZx GA FES =Y F
Ark. AAE AA w2 AEA OEM EE Tier 1 AFYAHES] H3lS
aHste] Level 4 A5 A =g 7 A AA 5 As B oAl
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2. AANE FAFA B2

(B) AAMNE FAdA ZAF g FE7HES (B1) SoC o}7] 84
AA sQlo]l It o)) FRRE ZHE Ao= Hriglon, FHE olo]
(B3) AT 14 A%, (B2) IP gl ¢o82 Ta%5 Br7igd
(2% 4-4].

(B1) SoC o}71¥x AA s2lo] 714 FLstAl H7e wjAol=
AD-SoC®9] 7%, Tesla®l FSD 7WEAbg7F A3k HEA1dd A==
A A T 27 G e d S wgd slow
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Abstract

Key Drivers of Developing

Custom SoC for Autonomous
Driving System (AD-SoC)

Youngsuk Ko
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

Automotive industry is under the paradigm shift toward software
defined vehicle (SDV) and the underlying technology disruption in the
hardware domain of automotive embedded systems can be
accelerated by the adoption of custom system on chip (SoC). Most
automotive OEMs or Tier 1 suppliers have not accumulated
understanding or experience in custom SoC, let alone capability to
establish and execute effective technology roadmaps. By identifying
key drivers of developing custom SoC equipped in the computing
platform for level 3 or higher autonomous driving system (AD-SoC),
this study aims to contribute to the proliferation of custom SoC
technology in automotive industry in the long—term perspective.

For this study key drivers of AD-SoC development were defined
in product planning, design & development, and process &
manufacturing technology; expert surveys based on analytical
hierarchy process (AHP) were conducted to prioritize the key drivers
and evaluate the changes of priority under AD-SoC roadmap
scenarios. The survey results revealed that the key drivers in
product planning and design & development are more important than
those in process & manufacturing technology. Especially, setting

safety margins and selecting optimal [P and process technology
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matter most in product planning, while SoC architecture design and
designer & developer capability are most important in design &
development. Such key drivers are far more important under
aggressive roadmap scenario, where similar or higher performance
targets are set against alternative general-purpose SoCs and latest
IP (Intellectual Property) or process technology are implemented.
This study provides practical implications to automotive OEMs or
Tier 1 suppliers. In product planning performance requirement should
be rationalized and IP or process technology should be selected on
optimal basis; in design and development recruiting top-level SoC
architects and internalizing Neural Processing Unit (NPU) should be
considered, while open innovation with eco-system is pursued. In
addition, stepwise roadmap strategy which adopts conservative
approach for the first generation and sets stretched target for the

next generation should be considered with priority.

Keywords: Autonomous Driving, Custom System on Chip (SoC), Key
Drivers, Analytic Hierarchy Process (AHP), Technology Roadmap
Student Number: 2021-20677
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