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MID-RANGE RADAR
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Codor Porteption

- Magping. Mlappiney
Humman, sremal Marsh Weather
Low Light = Comventional Camera = Comventional Radar
i ~ High resslution Cantera Emaging Radar
obpi% & HAE U2, HURYSE 15 5 2ot HREE, TR, HURYSE o4 M 2t Ofpi% & Z7HY B, CIOJEHAY, RIS A5 28t

Z=X|: Next generation Perception Sensors for Autonomous Driving In North America & Europ,Forecast to 2030, Frorst& Sullivan, June 2020
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Solid-State E4412| Non-Scannig Lidar S CIbst SEfZ 720 | &I
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Autonomous driving sensor comparison

Features ‘ uss ‘ Cam ‘ Radar ‘ Lidar
Type Active Passive Active Active
Frequency 200kHz 400-800THz 100GHz 100,000 GHz
Form factor Small Medium Small-Medium Medium-large
Detection range Short Medium-long Short, medium, long Short, medium, long
Object distance No No Yes Yes
Distance accuracy Medium Low for stereo Low High
Velocity accuracy Poor Poor Very high Medium, or high(for FMCW)
Field of view Mid or 360" Small(typical) Medium Medium
Object interpretation Low High Low Low-Medium
Angular resolution No High Medium High
3D object shape Poor Good if 3D Poor Good
Color recognition No Yes No No
Robust to weather High Low high Medium
Robust to low light High Low high High
Robust to high illumination High Low high Medium
Solution maturity High high high Low, to Medium(for flash)
Pros Closest distance, valuable colour, classification, passive detection integration, weather/light robustness High resolution
cons Range, accuracy eﬁ?ﬁiﬂ(ﬁﬂaﬁ@iﬁlﬁt?ﬂw depth Angular resolution, identification iﬁi}:ﬁfﬁ%Eggsﬁeggﬁﬁggﬂ'
Price today $2-54£CU % 336?350(5ate|\|te) $35-250 $250+

Copyright © IDTechEx. Use in accordance with distribution licence

Z£X{: Next generation Perception Sensors for Autonomous Driving In North America & Europ,Forecast to 2030, Frorst& Sullivan, June 2020
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[ 32171 All-Weather vision for automotive safety: which Spectral band, Valeo

CamerasSpectral b
ADAS using headli

FUCTION
Pedestrian,
Bicycles, *0e
Animals, ¢ *¢ | .o .
detection
Vehicle shape o | o0 | o0 | oo
recognition
Traffic signs . PR
[Example of images recorded in the fog tunnel with the four recognition
different Cameras]
Camera Fog density for pedestrian detection
Visible RGB Moderate (visibility range = 47 + 10m) Road ma_rklng * *0 L 24 .
detection
Extended NIR High (visibility range = 28 +7m)
Extended SWIR High (visibility range = 25 + 3m) . .
s — y s VIS NIR SWIR Comparison of performances of ADAS functions using
LWIR Extreme (visibility range = 15+ 4m) VIS, NIR, SWIR, LWIR Cameras, Day fog & headlights
[Fog thickness for pedestrian detection at 25m with the different
cameras]

[ 328115034502 2| ODD X OEDR ZZ4H QlAlCHt A oIA7LS MIMKE Fel

OEDR List OEDRLKE

HX|FEX|EHStop Sign)/ = EAIEH(Yield Sign) £ H|eF FX|EHSpeed Limit Slgn)/
Speed Limit changes E7H|5H S 2IEHE = HX|EHCrosswalk sign) MZZ'ES EX|2H(Railroad crossing)/A2E HX| e} e} e} e}
EH(School Zone)/SAtTEZE EXIZHWork Zone Sign)
Encroaching, % al Calkier 2 & = iy =3 EQI XSAL, 0l At
Oncoming Vechicles =8 R P (ODDosmg/Adjacent vehicle encroaching) © © © © A ©
) _ 2712 =01 ®Muf xj2t 0|24}
Tubx2k
Vehicle Following S E (Lead vehicle declearating/stopped/accelerations/turning) o © o o a ©
Relevant Stopped Vehicles PSPNONEY Z=Xt Xt2H(lead vehicle parking) O e} e} O
32 tiA ol
Relevant Lane Changes/Cut-ins XEOE}OE:X *t2Z X2 Vehicle changing lanes) 2191 X}2k(Vehicle chaning lanes) o o o o O
HQIxE
Relevant Static Obstacles in Lane X2 L ZXZhF| LI5}=(Debris static in lane) O (e} O O
Dynamic Object in Lane X2 L S&245| =X ZHx{|(Dynamic object in lane/moving into/out of lane) O (e} O O
Work Zones JAHZE W EF(Traffic cone) e} O ) @)
Relevant Safety Officals okxzte| 1E £AF(Other Traffic Control devices) e} o e}
Relevant Access Restriciction Ha AEH H2H|sH EX|ZHStop/Tum/Chang lane) /=32 2! 22 XIZQ! o o o o
ASE MZIE2 Al i
Relevant Dynamic Traffic Signs =5 D TA| AMS=(Intersection sg}ga\s)/x U495 A5 (Railroad crossing sign) o o o o
AZZE MS(School zone signals)
AZH{A i i
Relevant School Buses PENTN AZ ‘L(Sch_ool bus stopped_m lane/in adjacent lane/ o o A o
in opposing/undivided lane)
_ QEX}, G}, AR S(Emergency vehicle static/passing/encroaching/
712 22k SEAL TEAL 2SAT S
Relevant Emergency Vehicles U3 A driving wrong direction/violating precedence; mE%|EhH © © A ©
Relevant Pedestrians EEUN H8XK(Pedestrians crossing road-inside or outside) o o o o o
] ZlHE
Relevant Pedalcyclists X KA, 218 E(Pedalcyclist riding in lane/in adjacent lane/ o o o o o
in dedicated lane/crossing road)
2 W S=(Animals static in lane),
o
Relevant Animals o= X2 ZIEQ SZ(Animals moving into/out of lane) % © © © %
71012 2 Eaix -
Relevant Vehicle Cut-out/Reveal | k= o Rt Z40F2 x2K(Vehicle cutting out)
g
Relevant Roadway Entry T2 TSR A2 &2 ZEQ] x12kVehicle entering roadway)
ODD Boundary Transition ODD ¥ 5} A 7192 (Railroad crossing)/A=Z(School zone) A e)
7|EF2!4~ Detection List ‘ Stereo ‘ LiDAR ‘ Radar
= EA 2L KRR F B F 2 R M et o o A o
234 CEEHHE =HYEN(dry, wet, snow, icy)/ = HE F(asaphalt, off-road, flat, bumpy) o e} A e}
Fts St Tt g 2 H7(Road boundary)/F=7Fs Y (Free space) o o A o
> et ExiRoipepsll =t (Clean/wet/smow)/ D EF(HE, B o @) A @)
oo =S| foleip =S| 72t QUEH(E, HY, SX= 5) O O O
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AIL|0R TR URT A LZ|R 7| oFE Y Z2MAE &ot= 20| 5
O|Ct 2 HEZECH2 O] OfH|ZHAIO[X|2F =0l ZIs=| 1 Q= A2
7|8FERETF T2 M AUAMA Framework Ver3.0) 72 S AieH= XI2E 7|
HIO = HFON0| 7|0 Qs

*1SO/WD 34503 2 EZQHoj|Af= ODD Ho| 251 ODD &4 7t 2t 75

Y, 20 Sdgiol tfet #oiH S8 TSI US

*ISO/D 34504: &2 HZEOME 5Hfe| 2HEE HIAE ALIZ|2E FHA6 |

Plot BestYEE TP | ol AlLRIR £8 W 2Rt 2HE g2 H

Olsti o0 SHxH= ASAM EZ=Q! OpenX format 0|F5101 TIE| D Q1S
IE5HLv4 OAke| XEeZsts IsHA] CRFst ODD(operational de-
sign domain) AEIM2| CHE H& EHE B e /2M/AEH 2+

15} S 10| 58 RN T 25| KISE 4 QU= HA R

SI3t Q141 3 Hof7H Hets| Hl=I0 Chet H52ES SE

%
2 HE AL MEED QICE FL JAVA XESliXiE

HIAE =2|QI2{3 Automated Driving Safety Fvaluation Frame-

work Ver3.0)

20000

% 0|=(Adversarial Noise) Z2{0f 2/t Q1A9F

Common Things Edge Cases

l Seen In Testini | Not Seen In Testim.;

Random Independent Arrival Rate (exponential)
r Law Arrival Rate (80/20 rule)

(Heavy Tail Distribution)

Many Different,
Infrequent Scenarios
Total Area is the same!

TOTAL TESTING TIME —————» | 5

% @A Edge Case Research_ Camegie Mellon University,
Autonomous Think Tank Gothenburg, Sweden, Apri, 2019



MOBILITY INSIGHT

oieo} b Ofefet AIBRRISKI0| FeOHHE 814 2l A2l 5

D8 Slal= 71 QIR|HIAC] M5 TITEREDI0]| oLt 2
S0 2~3ET0t S RFHARESRRlO| &St =80 T2 A S 22 0l MFS 3120|7155t A2 SEfo| QXM 0]
P22 HAPFQIRBI BT IS8 BB RO BHHE Ly ooy o1 o iz £ SpEKIRIS ) T 7|2
=, MaaSlMobilty as a Senvice) MBS SIS0 = THES o) 2z 2yt st} 7sst Meieti] 40| ofsia 491
B RIBFYAIA AIUSY S| T2 QPN EY SRBF oo

340 Chst S A4t SHE0 | CHESI T 2

—

QlCk

ISO TC22 SC31 WG9 = \
(Kt SJ5t AU OIEfHO|A) + 150 23150 MM QIE{H|0|A(2023.05, M™LLZ, IS***++CtA)
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IEEE P2020

Standard for automotive system
image quality(2016.12)

SG #0: 1Q requirement/specification Std.

SG #1: LED Flicker Std

SG #2:1Q for Viewing Std
SG #3:1Q for Computer Vision Std
SG #4: Camera Subsystem Interface Std

SG #5: 1Q Safety Std

SG #6: Customer perception of 1Q Std

***DIS(Draft international Standard

***AWI(Approved Work Item)
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1SO 13228

Road vehicle - Test method for
automotive lidar(202.09)

SG #0: Scope of Lidar type installed in vehi

SG #1: The definition of “Road Vehicles”

SG #2: The common performance specs

SG #3: Performance variation caused by Envi-Condition
SG #4: The union od both ADAS/AD scenarios

% 1SO TC22 SC32 AGH1 - PWI 13228 Road vehicles -Test method for
automotive lidar@10|Ct S8, H2xI2F HEl, 210|Ct A%, Test methods
S0il thst Scope H2| F, 2022.09~)

% |EEE P2936 - Standard for test methods of automotive LIDAR
performance(2020.09)

***+**S(International Standard)

2ol

IEEE P31116

Standard for automotive RADAR performance &
testing method(2021.09)

SG #0: Static performance metrics

SG #1: Dynamic or Scenario-dependent features
SG #2: Radar Testing methods

SG #3: Radar interference mitigation methods

% IS0 TC22 SC32 AGH1 - PWI 13389 Test method of detection
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OJi= HD Map A110] 21 9I3) Az} &8 ool ML B2 Wilo] 2722 Akt

X258 HD Map, XFS744 £120| 25

7|E X2 K[| §EE T2(Road) tHele| 2XfIo2 &t
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Xt AMES T2 TEUA| SOiIM 7St HD Map2 &8
st watoe F2skn 9irt
[HD Map 7| ]

=7t 7|4y =7t 7|4y

= AutoNavi == Momenta

B Baidu = Navinfo

o= Carmera (Toyota)** o= Navmii

o= Civil Maps o= Nvidia

o= Dynamic Map Platform Hgzte TomTom
HE2te Here o= Uber

o= Mapbox o= Ushr (DMP)**

A Mapillary o= VoxeMaps

o|A2tA Mobileye (Intely** o= Waymo

* &X: (£) Liu, Wang and Zhang(2019), High Definition Map for Automated Driving: Overview and Analysis
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& o DURIE| B SHS sl oflLiX] HER|Q] =4 Kfxf|2] ME-4-450] 2210] £= 7k, 22 R2L|0F7}
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4 RER|E| B i,

OILX] MR =4 Xixf|2| XE-280] 221
o =2 Y ouX| Y8 71 HE ouiXido g
7|ZE0= a4 OfILX| Y= 120MUkgOl| E6104, 0= 2|S0]2
HHEI2|(1I~2MJ/kg L) 2=4) Bl 7FE2I-CI2A5M/kg LIR) &
SHAoIR0| 2~38H0f| Efel| GIEXX|LE LI 2t S2 Sall 1=
S LML 2= 0| XISKL 7 X, Me 887 | S Tt 2y

2|E[ 20| MEsleH= A=t s1 QUCE
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7 QimLjof 22

NS NH3 H2

HISH -335C -253¢C

IS 651C 535TC
Z2Fofx| Y= 18.9MJ/kg 120MJ/kg
HA ofj x| L 12.7MJ/L 8.5MJ/L

DHRIE| Egg MiSheks 2210] E|0] RICh 2 7k 212 ¢
ZL|OKNH3)ZF A0 HEH-2ES THME & Q= FGH
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OF THT(0] Y Al O|MSIEHAN(CO2) CHA U EIA MSLEDE
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