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What’s RADAR: Radio Detection And Ranging

Bk e EUFINEER

Radar is an object-detection system
that uses radio waves to determine the
range, angle and velocity of objects.
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A radar system consists of:

« Atransmitter producing electromag
netic waves &HILRGITCEREIR

« Areceiver receiving return waves of
object(s) WM G BIK

« A processor processing signal to
determine properties of the
object(s). MRS IRE S LIRS
RRIER
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Automotive RADAR Technology

Industry standardizations & regulations...

= Measurement Concept — FMCW (Frequency Modulated Continuous Wave)

= Carrier Frequency
- 24 GHz
- 77 GHz

24 GHz

>

Model Year
= Antennas — Patch antennas on “PCB” (printed circuit board)
= Electronic Components

- Two IC packages or One IC package for primary functionality
- Plus support components (power supply, communications, EMC, etc.)
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Automotive RADAR Technology

Basic Functional Blocks

- The radar have two major functional blocks:
RF Sensor (the RF “Front End”)

- Antennas
- Signal creation and transmission G
- Signal reception and signal conditioning || . pictance LI '))))))))))) o

. : - Velocity . R e
- Analog to digital sampling  Angle Jro Py .

(===
:;\-dvfunctions ZP_PAY.\ ( ( ( (((
« Computational (RADAR MCU)

- Convert sampled signal into frequency information

Computational RF Sensor

Al

- ldentify “targets”
Calculate 1) distance, 2) relative radial velocity and 3) angle of target

Advanced functions like classification & tracking




Application Context for SRR and MRR: Today

SHORT RANGE
RADAR
NCAP 2020 Junction Assist
Cross-Traffic Alert

First Radar signal processing accelerator
(SPT)

S32R first dedicated MCU for radar
processing

Market leading performance per power

TODAY
MPcs5775K + MR200%
S32R27x + MR3003

.
-------------------------

Radar Resolution

SHORT RANGE

RADAR
NCAP Lateral Assist

RADAR

MID RANGE/LONG RANGE

NCAP Adaptive Cruise Control
Automatic Emergency Braking

Forward Collision Warning
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Regulations

. EU:
«  Official Journal of the European Union L325 ERER/A IR
«  ACEA (The European Automobile Manufacturers' Association) BXiM; R EH&Ehs
*  Euro NCAP

 GCPV:
« (HE#HEFEMME) 2018 C-NCAP

Implementation 2018/7/1
15pts (ESC 4 pts, AEB-V 8 pts, AEB-P 3pts) in ADAS box
ADAS is a must for 5 stars from 2019

*  {C-NCAPEIEMM(2018FERR)IEIThRY ERENTE
. LDW, BSD C2C, SAS are newly added systems for review.
Up to 2 pts can be obtained for three systems.

* GCCQCV:

c (EEEEREFAREM) IT/T 1094-2016

Implementation 2018/5/1
AEBS, LDW & FCW mandatory for carriers > 9 meters
~b500k vehicles / year

© (EEREREEARFM F1Es: BERE) IT/T 11781
. Implementation 2020/Q3
AEBS, LDW & FCW mandatory for N3 vehicles (> 12 tons)
~4M vehicles / year

. (BEEERORASH B4 BIEWSHE) IT/T 1178.2

Implementation 2020/Q3
LDW & FCW mandatory for carriers (> 12 tons)
AEBS mandatory for carriers maximum speed (> 80km/h)



Official Journal of the European Union L325 Intro

Background

* EU has updated the type approval requirements for motor vehicles and this has been formally published as
legislation in the EU Journal. Safety systems relevant for radar starts in 2022 and is listed in the general safety
regulation document published in EU Journal

Impact

* Best case scenario:

From 2024 all cars and trucks would have 1 front radar sensor for AEB, 2 rear corner radar sensors for Lane keep assist(accident prevention),
1 rear near range radar for reverse AEB: 4 units per car.

*  From 2026 all cars and trucks would have 1 front radar for AEB, 2 front corner radars for pedestrian/cyclist detection, 2 rear corner radar
sensor for Lane Keep assist and 1 rear near range radar for reverse AEB: 6 units per car

* This might open up more opportunities for the future and potentially could lead to similar regulations in GC

Sensors
* The EU regulation does not mandate any specific technology to fulfill the technical requirements.

Link: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=0J:1:2019:325:FULL & from=EN



https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L:2019:325:FULL&from=EN

Official Journal of the European Union L325 Summary

Systems

Advanced emergency braking
for light-duty vehicles

Advanced Emergency Braking
Systems Pedestrian/Cyclist

Blind Spot information
system focusing on
pedestrian/cyclist
Reversing detection

Lane Departure Warning
Systems

Emergency lane keeping
system

Details

Mandatory road deployment from 7t July 2024 (Mandatory for Vehicle approval from
6t July 2022) for all cars and trucks

Mandatory road deployment from 7t July 2026 (Mandatory for Vehicle approval from
7th July 2024) for all cars and trucks

Mandatory road deployment from 7t July 2024 (Mandatory for Vehicle approval from
6t July 2022) for large cars(>9seats)/trucks above 3.5tonnes

Mandatory road deployment from 7t July 2024 (Mandatory for Vehicle approval from
6t July 2022) for all cars and trucks

Mandatory road deployment from 6t July 2022 for large cars/large trucks

Mandatory road deployment from 7t July 2024 (Mandatory for Vehicle approval from
6™ July 2022) FOR light CARS/light TRUCKS




ACEA’s

What is it about?
Strengthersng the safety
systems of a vehicle for 3 car-
to-car frontal impact colision
wath an overlap of 100%
Effectiveness? Proven 1o be
effective

Supported by ACEA?

What is it about? Safety
systems 10 assess the
driver’s alertness (for
example by monitonng how
long someone has been
drving) and warn the driver
10 take a break when needed

Effectiveness? Can make a
real difference

Supported by ACEA?

What is it about? Safety systemns that
wam the driver f he or she leaves a
marked fane without using the indicator or
if the vetxcie is dnfting out of its travel lane
Effectiveness? Very effective, but

there is no evidence that lane keeping
assistance (LKA) is more effective than
lane departure waming (LOW)

Supported by ACEA?
ACEA beheves that the

Q requarement should be
technologyneutral and that
fane departure warning should

Comments

What is it about? Providing
a standardised interface
description to facditate the
fitment of alcohol-interiock
dewvices n motor vehicles, eg
to prevent recidivist drunk
drivers from operating a
vehacle under the influence
of alcohol

Effectiveness? Enables
installation of interlock
without driving up car prices;

Supported by ACEA?

be added as an alternative
OMP PROCEDUR R AL O
O
What is it about? Proposal What is it about?

to switch off safety systems
only one at a time, at
standstill and wath the
parking brake engaged,
following a compilex
sequence of actions.

Effectiveness? Not
recommended, as there are
still specific situations in which
systems have 10 be switched
off. Should remain possible
(see UNECE regulation)

Supported by ACEA?

Strengthening the structure
of a vehicle for a car-to-car
frontal impact collision with
an overfap of 40%

Effectiveness? Heavy
vehicles (eg vans and SUVsS)
nsk jeopardising the safety
of smaller cars, Moreover,
heawvier vehicles already
have a high level of occupant
protection

Supported by ACEA?

S

What is it about?
Autonomous emergency
braking (AEB) systems

start warning or brakang
automatically if a collision s
imminent and the driver is
not taking any action (or not
fast enough)

Effectiveness? Very effective
AEB can detect a potential
coliision and actvate the
brakes toavoid a collision, or at
least to mitigate the impact

Supported by ACEA?

What is it about? Detection
technology (eg a camera or
sensors) 10 make the driver
aware of peopie and objects
at the rear of the vehicle
when reversing

Effectiveness? For
passenger cars and vans,
this is an effective way of
drawing the attention of the
driver to vulnerable road
users, such as pedestrians

Supported by ACEA?

What is it about? Flashing
brake lights (or comparable
solutions) to ndicate to
other road usess behind
the vehicle that the driver

is breaking heavily / rapidly
slowing down

Effectiveness? Good way 1o
alert other recad users

Supported by ACEA?

@

What is it about?
Strengthening the structure
(eg passenger compartment
and fuel 1ank) of a vehicle
for a car-to-car rear impact
coliision

Effectiveness? These design
measures can hmit the effect
of a crash significantly.

Supported by ACEA?

What is it about?
Strengthening the structure
of a vehicle for side-impact
accident types:
Effectiveness? Heavy vehicles
{eg vans and SUVS) nisk
jecpardising the safety of
smaller cars. Moreover, heavier
vehicles already have a high
fevel of occupant protection

Supported by ACEA?

What is it about? Safety systems capable

of recognising the level of visual attention
of the driver 1o the traffic situation and
warning the driver if needed

Effectiveness? Technology to entify a
‘distracted’ daver has streng imitations,
as everybody drives differently. Facial

reccgnition is also hampered by practical

issues such as reflective glasses. Finally,
using cameras 1o monitor drivers also
r3iSeS Senous Privacy concerms.

Supported by ACEA?
Effective afternatives are
enforcerment, driver education,
autonomous emergency braking,
{ane keeping systems, etc

What is it about? Systems that actvely
prevent drivers from exceeding the speed
lirvst using road-sign recognition cameras
and GPSHinked speed mit databases

Effectiveness? In practice. ISA systems
still show 0o many false warmings

due to incorrect road signs or outdated
information — something that most
consumers would not accept. Moreover,
cameras cannol anticipate all scenanos,
eg when traffic signs are covered up

Supported by ACEA?

Speed imit information
(SLI) systems are an
effective altermnative

What is it about? Systems that monitor
the air pressure of the tyres and report
this information in real time to the
driver. eg a low pressure” warmning ight

Effectiveness? Can prevent acoidents
caused by undernflated tyres

Supported by ACEA?
ACEA believes that the

Q requirement should be
technology-neutral, allowing for
both direct and inderect systems

What is it about? Including the
windscreen of the vehicle (besides

the bonnet. etc) in the so-called "head
impact zone'. In practice, this means
that windscreens would have to be soft
to reduce the impact

Effectiveness? Very imited, as today's
windscreens are already soft. Research
shows that autonomous emergency
braking systems are much more effective
in protecting vulnerable road users than
enlarging the head impact zone.

Supported by ACEA?



‘I Autonomous Driving Highway Pl

H'Qher Resolution Garage & Park Pilot (L3)
' Highway Pilot 2.0 (L4)

Traffic Jam Assist (TJA)
Lane Change Assist

(LCA)
&
\

Comfort Features
More sensors per car
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===  Adaptive Cruise Control (Acc)
Automatic Emergency Brake (AEB)
Blind Spot Detection (BSD)

NCAP Safety
More cars with radar
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Market Trends: Spurring Radar Growth

NXP Judged Radar Market — Global

>
-
2018 2019 2020 2021 2022 2023 2024 2025
=== Corner Radar (Mu) E==1High End Corner (Mu) [ Front/Rear Radar (Mu)
e Corner Radar (SM) @ High End Corner Radar (5M) e Front/Rear Radar (SM)

NXP Judged Radar Market (Mu) — GC
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NXP Provides Full Products Portfolio

I MMIC MCU Power SBC CAN PHY ENET PHY

S32R274
| TEFBL02 | | ssoro6s | | Fseaxo |

S32R274
S32R264

LRR

TJA104x
3Tx4Rx

MRR TEF8102
3Tx4Rx I
|

FS84x0 TJA104x

. .
N

SRR/USRR
2Tx4RXx
1Tx3RX

TEF8105
TEF810x

TJA104x

‘-
\ y
T

S32R372

FS84x0

T—RRRSE

Platform | I TEF812x | S32R294 'Eiiﬁgz

TJA104x

FS84x0/

Platform I TEF812x

S32R45 TJA104x

PF502x




APPLICATION CONTEXT FOR SRR AND MRR: TOMORROW

MULTI-MODE

MRR/SRR
Junction Assist, Cross Traffic,
Evasive Steering

+Xx01843L X+ XGhyzoa
MOYYONOL
TOMORROW

S32R45x + TEFS10X"

e
£

TODAY
MPc5775K + MR200%
S32R27x + MR3003

TOMORROW
S32R45x

@ C
Q

Radar Network LONG RANGE
Fusion;
MULTI-MODE ‘99@0 NCAP Domain Controller HIGH RESOLUTION
* 5 /%’%) RADAR
MRR/SRR X% O Adaptive Cruise Control
NCAP Lateral Assist, Evasive Steering, (i atc Emergency Bral

: ) Automatic Emergency Braking
Highway Pilot Forward Collision Warning



Dolphin One Page

TEF810X EXIKFIAMIAITN

—_
=]

TEFS10X BB EEMITSEFMCWEILTH

XIF76-81GHZEY TIRIER, B JiSEEARKEBIAMN
RS, WARSHEE T WAL, 4lEI, ADC
REFRFERRIZAEVCO, ShHERNEZMEZ IR
BRFSTFFMIPI-CSIFILVDSEEE .

- BTRESMIRFCMOS TS

« FEARIS026262, ASIL B &%
 ABIBEISTE S

s HEFREBESEE (-40°CE135°C)
- BEFHANXP S32R RFIF AL IEES

TEF810X BLOCK DIAGRAM

4T Output 1.4
Rx B?Qh .:‘ /) ", X || m |I IDecImlnaﬂonH Serializer |_'01|§Ygss|.z
I—l
L
T -
™La Chirp Generator (Main PLL)
25.3-27.0 GHz
S e Ol
- -
AV 3**2
0 O O N =

BPS Tx1 Tx2 Tx3 |n'7gu1
. . 4 chips for up to 12TX and -‘3"3”6'“"lteh
BIEEL 3TX(W/BPSK) & 4RX  BIUSZE; 16R§)( with I\ﬁaster Device
- ' 155 pin eWLB
ﬁjg‘;B 76-81GHz %{I’% 7 557 5 mm _
IR0 BirhRAR:
12dBm Typ (76-78 GHz) . - BERIKEL(ACC)

RS A ———— ADC REFZR 20MS/s - BIIESRZEEHI(AEB)

m Typ (78- z) - ERtEN(BSD)
S| 12dBm Typ (76-77 GHz) |[= TIEHHEN(LCA)
1P 58N =M CSI-2 & LVDS %Eﬁﬁmm)

13dBm Typ (77-81 GHz)

-90dBc/Hz Typ 0.5GHz
chirp (76-77GHz)

1.2W Typical (2TX 50%)

N=N=o

HBRIER

DI#%

[EMFEREEE S (RCTA)
AIERIREZEE(FCTA)
E@Uﬂtﬁ\l%ﬁﬁ%(RCA)
2GHz . ;g%:;g

-40 to 135 °C Tj

40 MHz
MCU CLK



S32Rx One Page

S32R274 XK EIANIESE
ETFPower PCEEHIIMCU, TTRTFRENRTIINA

%'ri

NEEEENEPOWerPC €20027 32 %
2 _/\}‘téDJEPowerPC €200z4 32(IHEEPIZ
3. EHE X ESAIEFEHIIERSESPT 2.0
4. IEFIASIL-DINEEZR £ M
5. X SRR EIRSHIRES [2ECSE2

BXTFTA:

1. AUTOSAR sMCAL

2. S32 Design Studio IDE, ST¥FE=14, mi¥es,
Hes.

3. fRIREE T EWindRiverfIGreenHills

4. i g8z #FLauterbach, P&E, iSystems

5. SPT 2.0EfZ4w4E T BEfIRadar SDK

6. EEAR1ES32DS IDEFRYEEIRENISDK

7. EFMatlabf9SPT2.0F A TE

N7 S:
« REEXKKE XN
1.5 HIEIEEIAN A, FIINTIEWHEILCA, Batal

BSD%

2. ZFFKIERIANA, PIINBEENKARACC, BEaH]
TAEBZE

- IBRESFENA

1. LhhtaiE

2. 8exE, FHRF
3. TkBEFE, BlanfiEmlE

System Radar Processing Platform Power Architecture Platform
PMU Z7 @ 240 MHz Z4 @ 120 MHz
S N [ | XTI
0SC & PLL 4 x 12-bit 3 A ADC 8kbit  4kbit 64 kbit
SPE2IVFPU SIMD Icache D-cache. TCM
Temp S 10 MSps 12-bit DAC SFPU
SR 77 @ 240 MHz

16 kbit © 16 kbit 64 kbit

- l-cache D-cache TCM Debug
SPE2/VFPU SIMD Debug Nexus 3+
- Interconnect
- 64-bit AXBS with e2eECC
MEMU Emb. Memory NVM
1.5 MB RAM w/ECC 2 MB w/ECC
FCCU/FOSU
Communications / I/O System
@ O
g & g8 ¢ ¢ &2 g Zg
S g o o £ 2 < < “ <[
Safe DMA e = x 2 N ~ = ~ X
= = ~e =
MCU Core and Memories || Integrated Radar Processing [l Security Safety



SPT Algorithm Example Hi&{ESINiESEEEEEH)

PDMA w/ Data logging
. Compression HWL =
» P A
.S . )
A 4ch, up to 10MSps g SDMA .
g Chirp - AUtoSAR OS
D I/F Driver
PDM Buffer Timing Control
Range Adv. Processing
FFT
=
é EHE DAR
= g ube :
= Doppler uffer 0
FFT o
(@ PDMA =
Mag <
Peak ®
VMT Search - = SPE2
MAXS il Q
Nexus
CO PY Aurora

TYYY

LVDS




RADAR
SIGNAL

RDK-S32R274 — Reference Platform for Automotive Radar ,’)‘\ O

W
A\

Key Platform Features:

« Targeted at ACC/AEB applications
« Leverages NXP market leading radar processor
« Built on automotive grade radar SDK & HW

*Module housing not shown above

- NXP/CEI Radar Reference Platform - Package Includes:
- Complete HW & SW package - HW Reference design in production housing
- ASIL-B reference application ready = NXP RF Front end with Antenna
- FCCJ/CE certified design = NXP S32R Processor
- Reference BOM ready for mass market - Ethernet enabled output to PC
_ Radar Front End: TEE8102 - Reference application (app notes & code available)
- Radar Processor: S32R27x - NXP development environment enabling customer
T optimization
- Availability: Order Today for $3500! v



RDK-S32R27: Out of the Box Experience

£33a

Overview
This quick start guide provides the necessary information to get the RDK system
powered on and functional using the chirp configuration GUL

QUICK START GUIDE Development Kit Contents
The RDK-832R274 includes the contents listed in Table 1.

RDK- $32R274 Development Kit Table I - Development Kit Contents
IN COLLABORATION WITH NXP

Component Description Note

RDK-S32R274
Enclosure

iScan Edge 3 Pre-installed in
(iScan-P-S32R): | RDK Enclosure
Processor Module

il

iScan Prizm 2 Pre-installed in
(1Scan-A- RDK Enclosure
TEF8102): 77GHz
Antenna Module

Cables Ethernet Cable
(1411), Power
Adapter Cable

AC Adapter 12 Volts - 1.6 Amps

Copyright © Colorado Engineering Inc. 2019. All rights reserved

it o these commextionscan b eoken and he

e RDK's Exhe

o Vrsion 4 (TCPIPVY option i the

Chirp Signal

up Atrbutes
Sope: 0

Dt Tene

gy Conty
Connected




RDK-S32R27. SW & Capabilities

« Sample Applications ready to use Lk

Chirp Attributes

« Raw ADC data output ready WS, L. L. 4| o™

5 v Bandwidth: 0830 GHz
Time (us) Sweep Time: 25.600 usec

S c Post-Sample
O Pre-Sample O ADC Acquire © Post-Sample Tsettle: 0500 usec

RX Gain (dB)

St Gt S P Tjumpback: 0250 usec

. . tart Frequency top Frequency well Time 0
76.150 GHz 76.980 GHz 1.000 us

[

ADC Sample Frequency  Range FFT Size # of Chirps/Frame -

20 ~ MHz | 512 - 128 -

" ‘ k COLORADO ENGINEERING, In¢
Setup:
76-77GHz -
RDK Address
Outputs

Load Session

By ADG Output Apply Config ‘ Port Number Disconnect
Save Session Target Detect 27

Status Connected

h
P



S32R274 Radar SDK

Matlab bit-exact
func.models

Radar Demo Application

Advanced Algorithm Library

SPT Algo
Lib Frontend Adaption API

MR3003 | TEF810x

@
| -
)
=
@]
p]
)
()
(@)
S
I_

Assembler

Radar Frontend




Radar Software Development Kit - RSDK

e Radar SDK provides basic radar processing algorithms and device drivers for S32R hardware devices.

e Facilitate radar algorithm development (using SPT kernels, Matlab models), creation of higher level
algorithms (starting from the basic blocks supplied with RSDK)

e Easy application development by integrating driver and platform support.

Radar RF
Front-end

€200z4/e200z7 Core




Typical Automotive RADAR Processing

The RADAR MQU
— MMIC

< High Performance MCU >

Signal

condilioning Signal analysis Detection Tracking

*Antenna . :
Mi LNA R D | MIMO & Adv Functions DOA Tracki
ixer *HP/LPF ange M Doppler MG : Thresholding (ex CFAR), ™Y syper Resolution i
«AAF FFT FFT Beamforming 3D Interpolation (e.g. MUSIC, ESPRIT) (e.g. Kalman + Munkres)
*ADC

RSDK

Range Detection 3 Targets

FFT g
i e ~0.5m
} . ~7.0m

« ~10.5m

Obj2=(d2, vr2, al2)




Comparison of algorithm validation — MATLAB vs target

Lab environment

%30 S ~<
P > (SIS

o1 RS 3
L 000 o

C 93X e onE
»10 Q10O

Dlopade Lavremmac/h + S -
model Validation
write SPT - Deploy the code to target using Lauterbach - Write MATLAB model for the SPT kernel Model is
kernels - Run kernel - Validate results from non-exact MATLAB validated
- Collect results from memory of SPT model
- Unformat data to be human readable - Corrections are needed to match non-

exact model results with target results

RSDK development environment

Use of MATLAB Toolbox in development

&

SPT Toolbox Validation

write SPT Model is
kernels in validated

MATLAB

Cost:

- MATLAB license

- Lauterbach license
- Development board
- Time spent to
validate corrections

Cost:
- MATLAB license



MATLAB Environment

- Support for MATLAB on 32-bit and 64-bit (R2015a, R2016a, R2016b, R2017a, R2017b)

- Must install the SPT Toolbox add-on (see link)

- RSDK Bit-exact kernel scripts are included in release package

- Each MATLAB ".m’ Script represents a kernel 7" SPT_2.0_64-bit version 1.0 by NXP System Tools Team

- Scripts dynamically adapt to samples/chirps configuration By "-"h:.:.’f--":?':'“

') DBF DOA.m

£ .
| dopplert T RSDK SPT

fﬂ NenCohComb.m kernels
fﬂ peak5earch.m
) rangeFFT.m
- Advanced users can use the Design Toolbox to design their own SPT kernels in MATLAB
- In the simulation environment we can ignore the SPT memory layout demands

- Once the desired simulation results are achieved the MATLAB script must be translated into SPT code




Links

Radar SDK:

https://www.nxp.com/products/processors-and-
microcontrollers/power-architecture/s32r-radar-mcus/s32r-
radar-microcontroller-s32r27-automotive-industrial-radar-
applications:S32R27?tab=Design Tools Tab

or...

1. Go to www.nxp.com
2. Search ‘S32R’ and click the first result
3. Click ‘TOOLS & SOFTWARF’



https://www.nxp.com/products/processors-and-microcontrollers/power-architecture/s32r-radar-mcus/s32r-radar-microcontroller-s32r27-automotive-industrial-radar-applications:S32R27?tab=Design_Tools_Tab
http://www.nxp.com/

