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Radar System
Application to Automotive
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3D detection

LEVEL 4

From 2020
ASPlu
$
SRR to MRR 4 50
LRR | 100
Features

SRR mode BSD, RCTA
MRR mode AEB pedestrian
LRR mode ACC, AEB

LEVEL 5

From 2030

ASP/u
$
30

USRR toe MRR 6

LRR 2 50

Features

USR mode AVP, PA

SRR mode BSD, RCTA
MRR mode AEB pedestrian
LRR mode ACC, AEB

Acronyms:

SRR=short range Radar
MRR=mid range Radar
LRR=long range Radar
USRR=ultra SRR

Applications: e.g.

Adaptive cruise control,
automatic emergency brake,
automated valet parking etc.

Source: Yole Radar Report 2018
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Radar System
Types of Automotive Radars
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Radar System

Different Types of Sub-System inside the Case

Power Management
AMS

[DCDC] [ LDO ] [ REF]

Control Unit
Digital AMS

Embedded
[“C ] [ Firmware ]

-

Processing Unit

-

[DSP] [RAM] [ CPU ]

P

Microwawe Unit

Digital AMS
RF

DAC

N)

[MOD] [PLL RF TX

0sC

ADC [ AMP ] [RF RX]

FILT

b

[

Vs

Package
PCB
Antennas

~

RF

|1
ijX2

Yran
&

| R
fj RX2

,j RXN

Case

Car Chassis
External World

|

RF = Radio Frequency
AMS = Analog Mixed

Signal
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Radar System
Evolution

Increasing Sub-System
Integration
on a Single Chip

Increasing
Design Complexity
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Top-Down Chip Design
Component Design (Gen 2)  gimer pigital or AMS

or RF or Software

Feasibility Architecture
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Top-Down Chip Design
Chip Design (Gen3-5) Digital and AMS

and RF and Software
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Top-Down Chip Design
Holding Everything Together

Core concept Specification Design Tapeout
ready ready ready

Architecture Definition IP Design Concept IP Design Pre-Sil Verification

Matlab + SystemC-AMS SystemC-AMS

« High-level design of functions * Proof of concept
and algorithms » Development of a reference model

« Base development of functional - Development of 2" part of test-cases
behavior » Development of block specifications

+ Architecture decisions +  Verification

+ Development of 1st part of test- « Reuse of test-case database (1%t and 2" part) from concept phase
case database » Reuse of environment for design- and verification-phase

+ quick simulations
+ different levels of abstraction in the same environment
+ high integration of different types of sub-systems
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Simulation Approach Using Coside
Holding Everithing Together with Coside

4 )
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- Full system handling using Coside
- Use of parameter reader function of Coside

- External software interface (steering/processing)
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Coside Implementation

s od

s 3

s 1

i_channel_w_antennal

External
World

flerame _jarget_peram = phlsrame_arge_peram

filename_target_parsm = "targets par”

i_param_reader_module1

frame = phlerame_parsm
t=irie
rezcer_shell = NULL
filename_param = "param_reader.par”

filename = "adc_o dat”
filename_traces = "traces.traces”
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Simulation Approach Using Coside
Software Interface

Chip Configuration

4 Steering O\ - Signalsetings  (~ gimulation N
(Matlab, Python, ...) | > Coside
Provides Configuration - Sim Results
- Analyzes Results < | - Inclusion of Digital, AMS,
k - Interface to Partners /

\_RF and -

« Combination of simulation power of Coside and versatility of general purpose software
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Simulation Approach Using Coside
Full System

Spectrum MC| Surf Spectrum NCl - DoA over Range  Doppler over Range  Sequencing

X Targets
* Use Case Setup
« Full System Simulation
* From Feasibility to Implementation
« Deep Control over all IP params
« Very quick simulation (~sec)

Fast Time (MHz)

« Unwanted spurs

 We can trace them back Slow Time (kHz)
and reproduce them

 |dentify root cause
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Simulation Approach Using Coside
Implementation of IP Models

1. Full SystemC
2. Translation from external code to C++
3. Using Coside blocks

4. Importing external binary files
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Simulation Approach Using Coside

1) Full SysC vs 2) External Code — ADC example

Ideal ADC in SysC

vold adc::sampling()
{

std: :normal_distribution<double> distribution(@.@, 1.@);

double out = 8.8;
out = sig_i.read();

J/f input clipping

// add ENOB based noise
// scale to PNOB, signed and centered

// quantization
/{ output clipping
ffout = std::imax(pow(2.@, p.pnob-1), std::min(-pow(2.@, p.pnob-1), out));

data_c.write(out);

« Ideal ADC takes few lines -> quick feas

* Bosch ADC model developed by ADC
experts
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Bosch ADC imported from Simulink

Matlab
SImUhnk MOdel Conversion Tool C++

——>

struct bosch_adc::states

RT_MODEL_bosch_adc_s_T* i bosch_adc_sc;

states(const params& p)

{

ff

// SC_METHOD calc_meth
// sensitive << clk.pos();

wvoid bosch_adc_ba::calc_meth()

{
// read SystemC wrapper pin and assign to C-medel I/0 data structure pin
s.1_bosch_adc_ba_sc-rinputs-»sig i = sig i.read();
s.1_bosch_adc_ba_sc-rinputs-»reset_i = reset_i.read();
// do a C-model step
bosch_adc_ba_sc_step(s.i_bosch_adc_ba_sc);
// assign C-model I/0 data structure pin and write to SystemC wrapper pin
data_oc.write(s.i_bosch_adc_ba_sc-routputs->data_o);

J
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Simulation Approach Using Coside
Performance comparison

» Test signal with normalized amplitude 1

e Bosch ADC considered
« Simulation run on both Simulink and Coside, separately

* Results
« Negligible performance difference (~1e-16)

e Simulation time: Simulink ~10 sec, Coside ~1 sec

ADC Qut Difference
N A B s N

15 20 25
Time [us]

o
w
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10-fold sim time reduction!
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Simulation Approach Using Coside

Select Model

cli i
reset i
bbadc i

clk i
reset |
bbadc_i

I_ideal adc
bbadc o
7 7
7 7
> IDEAL ADC >
7 7
7
adc_pnob = CO5_GET_PARAM<double:=("paam1")
adc_enob = CO5_GET_PARAM<double=(" paramz" )
analog_fullscale = CO5_GET_PARAM<doublex" pamm3")
i_bosch_adc
J—s— OuT bbadc_o
1 ouT
BOSCH ADC s I our
s OouT

architecture_select = true

arch = COS_GET_PARAMe=std: string=("adc_select")

« Usage of Coside parameter reader and COS_GET_PARAM functions
« Usage of architecture selection functionality
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Simulation Approach Using Coside
3) Full Coside Model — PLL example

s z i tdf & K -
i_sub2_tdf1 i_gain_tdf2 'T'E";’_“,'I{‘fg i_gain_tdf5
<couble> <coubles LIF_ND_TD <couble»
" 3 =0 .o o o xe = X e LF [~ -
?_rmd_l| N 4 > Ml e — A
;' P K=pK_TDC F=-1
3 SUB2 TDF<T» br
celzy T4
k=
sampling_tin ore:SC_2 1
o
celzy
plirg_tim cre:SC.Z|

* Mostly done using standard Coside blocks
LinearTransferFunction, Integrator, Gain
* Sub-blocks singularly expanded to more complex models

* Full implementation down to IP verification enabled

Automotive Electronics | Robert Bosch | 25.11.2022
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»
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Xmin Xwp Xep Xmax  OSC Tuning /
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Simulation Approach Using Coside
4) Hook for External Binary File — PLL example

e Few lines

i_PLL_EXTERNT
* Include external simulator data
PLL_EXTERN
* Include Test data
» Direct comparison w/ other models
1::;;;h;a:b:;;;;;lhé ............................................
;O]d PLL_EXTERN::initialize() ;;;a:Eii;&i%éhhi:b;;;;;;;;ék} '''''''''''''''''''''''''''
e 1
[T test f/phi_mod_o = f_mod_i*le-5;
?nE,%i L3 e F—— J/phi_mod o = myphase[12];
: "l.:egl?""‘)-{—sf"'f;f%’lH:' if (sim_ctr<MAX_SIM_STEPS)
izp aseli] = 10745 phi_mod_o = myphase[sim_ctr++];
' else
char fname[] = "rawCosideDataFile.bin"; . phimod o = 8.8;
phi e = @.8;

FILE *fptr;

size_t readCount; ¥_rtwo = 8.6;

fptr = fopen({fname,"rb");

readCount = fread(&myphase, sizeof(myphase[8]), MAX_SIM STEPS, fptr);
feclose(fptr);
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Conclusion

Bosch Automotive Electronics relies on Coside for Radar System Design

Capable to Support the Design Process from Feasibility to Verification

Capable to Hold Together Digital, AMS, RF and Software Modules

Investigation of Sub-Module Influence onto the Radar Functionality

Automotive Electronics | Robert Bosch | 25.11.2022 BOSCH



THANKS FOR YOUR
ATTENTION



- Necessary for CADENCE-Co simulation

SySte m Sim u Iator e Analo? Schematicsdjre I(';ierarchicalllly and arbitrary replaced by models
- Digital is VHDL and/or Gate-Leve
Backup - Model Layers

Additional I/O’s only
necessary for design

Additional I/0" | .
tional I/0's °T‘ Y 2) Design: Co-simulateable Model
necessary for design (SysC)

»  Functional VP is the core

« Interface equivalent with design
» Model for customer

Layers show:

- How the models and model
granularity are connected to
each other

- Where they are necesary and
used (which discipline)
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necessary for design
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