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• Autonomous Driving enabling technologies and the timeline Guess

• Introducing sensors for autonomous driving technology
• Pros and cons for each sensor
• Sensor Fusion 

• Challenges of Sensor fusion technology

• A method for estimating and verifying issues 

• Interference and interoperability Issues.
• Automotive V2X and DSRC
• Automotive Radar and OFDM 5G BH

• Consideration of new Radar Technology and its Challenges
• Automotive FMCW and Coded Radar
• New Ant and division technologies
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Key Technologies for Autonomous Vehicles
I N N O VAT I O N S  F O R  A L L  A D VA N C E D  D R I V E R  S Y S T E M S

Wireless Connectivity

• V2X (DSRC / ITS-G5 & 
C-V2X)

System Integration 

Sensors (Advance Driver Assistance Systems)
• Short and long-range Radar 

In-Vehicle Network

• Automotive Ethernet
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I N T R O D U C I N G  S E N S O R  F U S I O N  F O R  A U T O N O M O U S  D R I V I N G  T E C H N O L O G Y

• Individual Sensor 

• Different sensors good for different functions and 
environment

• Fully-distributed system

• Radar! vs Lidar! vs Camera! Redundancy needed

• Sensor Fusion – more than just the sum of its parts!

• Better and safer decisions than independent 
systems could do

• Radar and front camera

• Ultrasonic and rear camera

• Various condition for better decision (A and B, A or 
B, if A then B,….)

• Centralized processing architecture Source: WCP 2016
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L 2 / L 3  I N  2 0 1 8  A N D  L 4 / L 5  I N  M O D E L  Y E A R  2 0 2 X

Source: 2019 IHS report
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Consideration of Sensor 
Fusion Issue
(Challenges and verification )
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C H A L L E N G E S

• Centralized processing : High speed network for wide-bandwidth communication is needed

• EMI issue

• Automotive Ethernet Compliance Test 

• Transmit Jitter, distortion, return loss, PSD, Droop Tests, and,…..

• Protocol verification on IP based networking in the vehicle 

• Interference or interoperability issue

• Interference : Increase of Noise floor, Saturation of input channel, wrong decision(ghost Target for radar)

• Interference between same type of sensors 

• Same modulation and same frequency (FMCW Radar and FMCW Radar)

• FMCW vs Coded modulation/different physical/logical layer 

• Between different type of sensors and applications

• Wifi and DSRC, ITS and V2X,….5G BH 

and FMCW radar,……

• Immunity testing under real environment
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P O S S I B L E  I N T E R F E R E N C E

Frequency2.4GHz~3.8 GHz100~434 MHz1 MHz, 88~108 MHz 850 MHz~2.3 GHz 24GHz 76~81 GHz 122 GHz

AM Radio (1MHz)

FM Radio 
(88~108 MHz)

DAB
(100~400 MHz)

RKE/TMPS
(315, 413, 434 MHz)

Cellular
(850 MHz~2.1 GHz)

GPS (1.575 GHz)

Bluetooth 
(2.4 GHz)

WIFI (2.4~5.8GHz)

WiMAX (2.3, 2.5GHz)

LTE-V PC5 V2V,V2I 
(5.9 GHz)

LTE-V V2X (~3.8 GHz)

>140 GHz Radar

5.9 GHz

DSRC (11p)
(5.9 GHz)

5G backhaul
(71~76 GHz)

5G backhaul
(81~86 GHz)

5G
(37~40 GHz)

5G
(24~30 GHz)

24GHz ISM NB
(24.05~24.5GHz)

76~77 GHz LRR
(76~77GHz)

77~81 GHz SRR
(77~81GHz)

By SeungChul

60 GHz

60 GHz 
Motion Gesture 
Detection Radar
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L I N E  O F  S I G N A L  O U T  O F  B A N D  I N T E R F E R E N C E  T E S T

Source: 5GAA V2X benchmark Testing 2018 
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• Test Plan : 
• Interference between FMCW dual mode radar and OFDM (5G BH/coded radar)

• Test Condition :
• FMCW dual mode radar signal
• OFDM for 5G Backhaul and coded radar
• 3 moving targets and 1 static station

• Test Case :
• Functional test for detecting targets under victim Radar distance 
to OFDM 5G Backhaul station 100m~1000m 

• Test Setup
• Signal creation and simulation : Keysight SystemVue W1908
• Signal generation and analysis : Keysight E8740A solution

S I M U L AT I O N  A N D  M E A S U R E M E N T  F O R  I N T E R F E R E N C E  T E S T
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FC1 Signal

A U T O M O T I V E  R A D A R  D U A L  M O D E ,  O F D M  S I G N A L  G E N E R AT I O N  W / S Y S T E M V U E
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OFDM

AR Mode 2
BW = 2 GHz

AR Mode 1
BW = 200 MHz
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D U A L  M O D E  A U T O M O T I V E  R A D A R  P R O C E S S I N G

Optional Title of the Presentation
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Interference

No false 
targets

Mode 2 
Missed 
Target 1
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I N - B A N D  I N T E R F E R E N C E  T E S T I N G  7 6 ~ 8 1 G H Z

Wideband 
AWG

mmW
up/down 
converter

Interference 
Signal

AutoRad S/W

Moving Radar transmit signals as interferer

MOSARIM interference signals 

71~76GHz, 81~86GHz 5G mmW Backhaul

PMCW/OFDM/Coded Next 
Gen Automotive Radar

CW

Any type of Noise signals

IF Tx
IF 

Rx1

IF 
Rx2

Power/
Control

Ref 
10MHz 
clock

Interference Signal

Radar Echo Signal

RTS

Control

mmW
Header

Radar Tx 
Power

FM linearity
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Consideration of Evolved 
Sensor Tech Issue
(Evolution of Automotive Radar Tech)
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Source : 2019 Yole Report (Radar and wireless technologies for Automotive
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R A D A R  C H A L L E N G E S

• Coded Phase-Modulated Continuous Wave Radar

• Need to consider backward compatibility with existing FMCW radar 

• OBW depend on modulation rate

• Interference susceptibility depend upon code type

• Calibration required for Linear AMP

• New Antenna structure with MIMO/DBF/APA

• Combined Antenna Aperture multi-function (Long-, Mid-, and Short-range) Radar 

• Characterizing of various angles and beam distance 

• Ultra-high Resolution Image Radar : 

• Bigger Ant size with bigger far-field distance : 

• Required conversion algorism between near-field and far-field for short distance detection

• Cascade multiple transceivers for more Ant array : 

• Time/phase synchronization 

• Requirement for higher Frequency range 

• New Assignment of next Gen Radar with Wideband Frequency band for better resolution

• Emission regulation toward higher Frequency (up to 2nd or 3rd Harmonic of highest Frequency > ~230GHz) 
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Source:TI

Large antenna aperture increases far field 
distance !!

Far Field distance
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FA R - F I E L D  D  A N D  PAT H  L O S S

Far Field distance Calculation

Free Space Far-field Path Loss Calculation

D*
(cm)

24GHz Radar 76~77GHz Radar 77~81GHz Radar 2nd harmonic
(2 x 81GHz)

3rd harmonic
(3 x 81GHz)

Freq. 
(GHz)

Far field
(m)

Path Loss
(dB)

Freq. 
(GHz)

Far field
(m)

Path Loss
(dB)

Freq. 
(GHz)

Far field
(m)

Path Loss
(dB)

Freq. 
(GHz)

Far field
(m)

Path Loss
(dB)

Freq. 
(GHz)

Far field
(m)

Path Loss
(dB)

3 24.5 0.15 43.57 77 0.46 63.46 81 0.49 64.34 162 0.97 76.39 243 1.46 83.43
10 24.5 1.63 64.49 77 5.13 84.38 81 5.4 85.26 162 10.8 97.30 243 16.2 104.34
15 24.5 3.68 71.53 77 11.55 91.42 81 12.15 92.30 162 24.3 104.34 243 36.45 111.39
30 24.5 14.7 83.57 77 46.2 103.46 81 48.6 104.34 162 97.2 116.39 243 145.8 123.43

• At 81GHz, for a D of 10cm, path loss will be 85dB and far field distance is 5.4m
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Radar DUT

Radar Target 
Simulator

E8740A-070 
Auto radar SG

Quite Zone
30cm diameter

Reflector 
>24 to 82GHz

Interference 
IF signal

77~81GHz Radar

D*
(cm)

Far field
(m)

Path Loss
(dB)

CATR Path 
Loss(dB)

CATR Path 
Loss Gain(dB)

10 5.4 85.25935 70.78347 14.47587
15 12.15 92.303 70.78347 21.51952
30 48.6 104.3442 70.78347 33.56072

100 540 125.2593 70.78347 54.47587

Pass loss advantage >21dB w/ 15cm Ant D 
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PA C A L I B R AT I O N  R E Q U I R E D  F O R  L I N E A R  A M P

Fast LFM, FCM (chirp) : Majority of current radar
• Small scale MIMO
• ADC sample rate : several 10's MHz
• Linear FM waveform 
• Complex analog RF Tx and Rx with PLLs
• Low PAPR, Signal operates at saturation area of AMP 
• Simple digital processing with FFT

Coded PMCW :
• Large and massive MIMO
• ADC sample rate : several GHz
• Phase coded waveform
• Simple analog RF Tx and Rx with PLLs
• High PAPR, Signal operates at linear area of AMP 
• Required PA calibration at production line and AM-AM/PM 

measurement 
• complex digital processing

89600B VSA S/W
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E 8 7 4 0 A - 0 9 0  A U T O M O T I V E  E M I S S I O N  T E S T  U P  T O  ~ 3 3 0 G H Z

N9029AV03 220 – 330 GHz

N9029AV05 140 – 220 GHz

N9029AV08 90 – 140 GHz

N9029AV12 60 – 90 GHz

N9029AH19 40/50-60 
GHz @ RF port2

N9029AH12 60-90 GHz

N9029AH05 140-220 GHz

N9029AH03 220-330 GHzLO/IF

LO/IF

LO/IF

LO/IF

N9029AH08 90-140 GHz

U1816C USB 
Coaxial Switch 

N9041B UXA 
Signal Analyzer

1.85mm(f) to 1.85mm(f) 2m Cable

LO/IF

DC-40/50 GHz @ RF 
port1

SWC-19VF-E1
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• Sensor fusion and evolved sensor technologies. 
• Sensor fusion helps better decision in all environment, the 

evolution of automotive radar technologies is moving to ultra high 
resolution radar.  

• Understanding of challenges for Sensor fusion and evolved sensor 
technologies

• How to estimate challengeable Issues
• How to verify issues with simulation and test measurement
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