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Level 5
"""""""lllllm||||||||""||"
> 2030, —
Level 4
e
> 2020
Level 3
e
_ Levelz > 2018
Level 1 (III""""I"""
> 2016
> 2014
Object detection Object detection High-resolution 3D detection 360° object recognition
Features Features target separation Features Features
SRR mode BSD, LCA SRR mode BSD, Features SRR mode BSD, RCTA USRR mode AVP, PA
RCW, LCA, SRR mode BSD, MRR mode AEB pedestrian SRR mode BSD, RCTA
LRR mode ACC, AEB FCW, RCW, RCTA LRR mode ACC, AEB MRR mode AEB pedestrian
LRR mode ACC, AEB LRR mode ACC, AEB
SRR 2 SRR 2 SRR 4 SRRto MRR 4 USRR to MRR 6
LRR 1 LRR 1 LRR 1 LRR 2

* USRR = ultra shortrange radar * SRR =shortrangeradar *MRR =mid-rangeradar *LRR =longrange radar
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4 Test and measurement of automotive radar sensors

14

Automotive radar sensors are to be tested according to the harmonized standard
ETSI EN303396 [2] as a common base of test procedures, with a focus on:

1 ETSI EN302858 [3] for the 24.05 GHz to 24.25 GHz radars

1 ETSI EN301091-1 [4] for 76 GHz to 77 GHz radars

1 ETSI EN302264 [5] for 77 GHz to 81 GHz radars

In line with EN303396 V1.1.0 (2016-04), the tests include measurements of:
1 Operating frequency range

1 Total power spectral density

1 EIRP peak power

1 EIRP mean/average power

1 EIRP mean spectral density

1 Power access duty cycle

1 Spectrum access duty cycle

1 Dwell time and repetition time

1 Frequency modulation range

1 Unwanted emissions in the OBB domain

1 Receiver spurious emissions

1 Receiver in-band, out-of-band and remote band signals handling

The tests above are according to the standard, but during R&D typically many more tests
are required:

1 Spectrum and signal analysis

1 Power measurements

1 Radar echo simulation for accuracy, ambiguity, detection performance

1 Interference tests to test mitigation algorithms

1 Radome tests for integration of the radar sensor behind bumpers

1 Antenna pattern verification

1 Tracking/software/classification tests

1 Receiver sensitivity, saturation, dynamic range

Mass production of these sensors involves additional tests to ensure sensor performance,
functionality and accuracy, such as:

1 Power consumption

1 Antenna pattern calibration

1 Accuracy measurements

1 End-of-line tests
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ETSI EN303 396 ETSI EN302858 ETSI EN302264 |ETSIEN301091-2
Test methods 24.05 GHz to 76 GHz to 77 GHz

24.25 GHz/24.5 GHz | 81 GHz
Operating frequency range specified
Peak EIRP
Mean EIRP not specified

Mean EIRP spectral density

Unwanted emissions in the
OOB domain

Unwanted emissions in the
spurious domain
Receiver spurious emissions

Receiver in-band, out-of-band
and remote-band signal
handling

Receiver sensitivity mentioned but not mentioned but not
specified specified

Power duty cycle

Spectrum access duty cycle  WLAM only

Dwell time and repetition cat. C/D only
time
Frequency modulation range  cat. C/D only

Unwanted vertical plane WLAM only
transmitter emissions
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Category C £ D |0| 24.075 GHz ~ 24.150 GHz FIt4 IS AFSTLICE
1 B2 HE (<4 us /40 kHz over 3 ms =& dwell time) £=
120dBme| £3 MHO R L2l HZ

Rohde & Schwarz White paper | Automotive radar technology, market and test requirements 15



16

4.1.1 HIAE AIO|E Q7 A
eE &%, MY HO U J|FE A7 HEZ D ZH2 EN 303 3960] A2 & HIAE T 20| H|
AE AO|E @7 AFSHE X[ ™ E/L|CE g rééel AR EZ 2 HAE A Zx|o| ¢iAz| 2 &
Hote o 2%t 2| S LIEPHLICE o] He|o| Z0|E 5 & 4 91C™ EN 303396 V1.1.09| E
3% 5.3.20 X|IME 2 A2 E=tA NS nafsljof gtL|Ct,

Far-field distance Approximate power level error due to near-field effect
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M1 2 76.5015 GHz -35.13 dBm Qce Bw ©954.005270489 MHz
Ti 2 76.02752 GHz -34.26 dBm Occ Bw Centroid 76.504519441 GHz
T2 2 76.98152 GHz -33.98 dBm Occ Bw Freq Offset 4,519441 404 MHz

12112 : 77 GHz 2l|0|C{ofl A OBW =& Q| o
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MultiView EBISpectrum 2 @I Spectrum Q{}@J Transient Analysis [ @1 E]
Ref Level -20.00 dBm Freq 76.5GHz Meas Time 7 ms  Model Chirp SGL
Meas BW 490 MHz SRate 588 MHz
TRG:IFP{ 500MHz) Inp: ExtMix E
1 Full RF Spectrum (#-114) @1 AP Clrw 2 Region FM Time Domain
_50d M1[[1] -87.05 dBm 400 M1[1] 7.8644120D0 MHz
ﬂ #-1[14 16.255000 GHz 3.¥81ms
60 d 200 M|
1
—_— W
\__
g
385.0 us 5.700801 ms
3 Full Spectrogram B | |[4 Chirp (1) Frequency Deviation Time Domain @1 AP
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3.

CF 76.5 GHz 1001 pts Meas BW 490.0 MHz  Frame # -114 || 2,.236882653 ms 1001 pts 317.5 ps 5.411901361 ms
5 Chirp Results
g Chirp Chirp Chirp Chirp State Avg 3 FM Settling FM Sett|
Chirp State k Aon Bandwidth 3 4
i) No. Index Begin Length Rate Deviation Frequency (kHz) Point Time

(ms) (ms)

(ms) (ms) (kHz/ps) (kHz/ps) (kHz)
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Fig. 15: Spectrum emission mask for 77 GHz radars
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Fig. 19: Non-linear situation
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] Abbreviations

PA - parking assist

AVP - automated valet parking

BSD - blind sport detection

RCTA - rear cross traffic alert

AEB - automatic emergency breaking
ACC - adaptive cruise control

RCW - rear collision warning

LCA - lane change assist

FCW - forward collision warning

RUT - radar under test

DUT - device under test
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