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’ Overview of Valeo’'s ADAS Portfolio and LIiDAR (Scala™) Evolution

Valeo, a mobility leader, adopts Model-Based Design (MBD) for advanced LiDAR in automotive
ADAS.

LIDAR
Automated Driving

Scala 3 Long Range ' Scala 3 Platform Scala 1

cesl

INNOVATION
AWARDS

2024 g /

Valeo.L|DAR SCALA 1 SCALA 2 SCALA 3
Projects Platform

T Infrared Laser, Motor
Rx APD APD SPAD
(Vertical Pixel #) (3-Pixel) (16-Pixe) (360-Pixel) Smart Front Camera Mid_Range Radar Satellite Camera
H. FoV 145° (+/-72.5°) | 133° (+/-66.5°) 120° (+/-60°) Automated Driving Automated Driving Parking Assistance
V. FoV 3:2° 10° 0.07° * 360 = 25.2° - —
H. Res. 0.25° 0.125°/0.25° 0.2°/0.1° ; f\' r"
V. Res. 0.8° 0.6° 0.07° ‘
Motor RPM 750 750 150 - 600 _- : . Ultrasonic Sensor
FPS 25 25 20 Rain Sensor

Parking Assistance

Points per Scan 5k 31k 650k ADAS
Points per second 131k 783K 12.9M ! Q
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| Motivation to adopt Model-Based Design (MBD)

MBD reduces time to market and design cost in a multidisciplinary, exponentially complex
safety critical development process.

Everywhere Nowadays \ /
il Requirement Validation
/ Struggling > Move costly iterations from
DevEIopIEECYER Today \ Multidisciplinary VCycle_ s R.H.S. on rea! Hw to
Time to Market Market / RFI / RFQ / Performance S AED SmuRarion

Design to Cost

Platform / Customer Diversities : '
Design Complexity Architecture ‘ ’ Integrated Test
Algorithm, MBD Simulatio& \ /VlBD automation tools

Past < =  Future

Design Test
Scala 2 AASC = Scala 3:
Simulation Complexity: 9.3
Accuracy / Precision Req.: ¥ 2

Time to Market: == 2 _
Com. Perf Drop (Jitter) : == 1.5 Implementation
Projects Scala 2 Scala 3 Platform
Motor Speed fixed to one rpm dynamical rpm MBD auto Code Generation
Accuracy, Precision lower, fixed to one rpm | higher, dynamical rpm
RPM Tracking No Yes
Raw Resolution lower higher
Config. Extraploated Res. No Yes
Config. Scan Patterns No Yes
Time to Market 5yr 25yr

MBD is the key to efficiency
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| LIDAR Development with MBD — Lidar System Overview

Overview of LIDAR System Elements and Signal Chain.

Photons Objects

— | Cover

; Sending Photons >
Mirror [ _ SPAD
Receiving Photons | Optics Photons Detects
‘ Sensor
Magnetic e L[’)A‘SES
Mechanical Magnetic | Field Driver Electrons
===%| Coupling [ ~~™| Codewheel Electronics | "
P _Tgrq_ue _———— = — = 1 Driver Signals Noisy ToF Meas.
I Angular|Velocity e 1 Noisy Angular PositionMeas. | ___ ______| __ ____ ______ o _______l____ » Algo. Dev.
l 30SWM| goraee ! KPI Analysis
I Regulator, |[] y
Driver

I BLDC  |le— | wii I NVM ™ FPGA
I Motor Glreunry: | Offline ¢ Angle Corr. ¢ LSR Drvr @ ToF Corr. ® Point Cloud Generation [—
I I Calibrated
—————————————— ] Data

LiDAR point cloud begins with motor driven laser shots
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’ LIDAR Development with MBD — SPAD

Temperature Dependent Detector Sensitivity Feedback Loop Control Development is based
on Simscape (Thermal Port), DSP (Noise Floor), Control System Toolbox (Pl).

. . . Photons e .. EoSEe B e s B e S s S
QU|Ck System behavioral mOde“ng, _— &AW Q S | SimScape, Control Sys. Toolbox 1
) . g Photons Cg‘i’;r A ° o k I Temperature dependent Sensitivity and |
simulation, and auto code generation for M | Supply Voltage Feedback Loop Control 1
endin otons !
COﬂthl Ie r Mirror 2ec:iv:1:;htotons Optics o 1 Dgz?:?or :
Sensor
. lV!agnetic : LAiEEeR l__ .._.._..__.......__._.l
Diode, Power Supply, DAC,... il el D I e e el 4
Temperature-dependent plant and s . sy ragrpsnmess. || e e =
Setpoints 30SVM ngjﬁf’m. ______________ "l Keranaiysis
- . Dthvor FPGA
Control Ia blllty Scenarlos Eh?i Circuitry NVM g::iig?ated + Angle Corr. « LSR Drvr & T%int Cloud Generation i)
Delay, noise floor, SNR,... e
= Pl controller, LPF targeting ARM e ?
= h = P
= ; & e
rel g | . w2 3
z
_VBD. \se[l Del ise m VOP B ,\’ |
ise[*C] = ‘9 Y
’ &5
s iiMMMM “ | &
- o[- 5e. 1 coden I:l
00 3500 I _—
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L|DAR Development with MBD — Laser Power Management

Laser Power Estimation Development (Range, Eye Safety) is based on Simulink (Signal Profile,
Detection, High-Speed Sampling) and MATLAB, Statistics Toolbox (Correlation, Algorithm).

. H H otons jects 1] 1 !
Q_wck S_ystem Behavlloral Modellr?g, —B Qiecs | :gézgélngoxﬂab :
Simulation and Algorithm Evaluation: T o | pamnd N el |
ending Photons ! }
H . N iecgivi?m: rl;htotons Optics #hotons ; Di?eAct%r
= Optical Gaussian pulse | ] 1 | e
- . . . __ | Mechanical | Magnetic :;::l%nenc APS Driver | Electrons Diode :
= Xilinx differential input buffer g R O —i | e ——
orque rivegosignals oISy 10 €as.
. s ;n;ula;‘ Velocity oy NolsyAngular-PosiionMeastt  L.....coovul i vopnnmaaumanieaulessl Algo. Dev.
= DAC threshold sSwiping 305V | Reguiator KPI Analysis

. . e . Eu%?ﬁ Cagxﬁ:v N T + Angle Corr. & LG Drvr & ‘Ir-:;:Géorr, # Point Cloud Generation  (_ __ |
= Time-to-digital conversion Calbrte
= Pulse profile reconstruction |
= Correlation, power estimation |l r— T | ] i
. l: - Int Esti Array
— \:\\:/ y Gutput at 2nd Stage Giltch Filter % '
’ ‘ H o6 4 ?
‘ ‘ ﬂ — Eo
(i | s
| |
(i f
(I | 03
I u - ‘
- l ‘ ] ﬂ 02¢ [ us Puls
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’ LIDAR Development with MBD — Motor Control

Motor Control improvement investigation is based on SimScape (BLDC, SVPWM, Gate Driver) and
Control System Toolbox (Control Algorithms).

Quick system behavioral modeling,
simulation, and Algorithm Evaluation:

Photons Objects

[ d
5o, CWR

Photons

Sending Photons

= Investigate potential improvements Recening Phoons optes | Protons il

Sensor
1 1cti : Magnetic LASER
In exi St| ng mOtor System des|gn for | Mecnanical | | nagnetic | Fielo APS Driver | Electrons | Diode
T Coupling [~ ~"| Codewheel Electronics
. . L ;_ -~ Toque] — T~ P—— | A —— Driver Signals Noisy ToF Meas.
Angular Velocity e s vt s i e s S e s Algo. Dev.
speed regulation stability, position . ot sz [T G | s
I Driver | D:tla rae FPGA
. I BLbo Circuitry NVM - f—— # Angle Corr. # LSR Drvr # ToF Corr. # Point Cloud Generation
control, noisy APS, etc. . ' '
1
! SimScape, Control Sys. Toolbox 1

= Collaborating with MathWorks 1“"—°"’-'S-"*—"9°“-"°'-E“-“"“f“i"--_r\

consulting services

(7=
b B
- RPM_REF = RPM_Meas_ GRS ] —
- = e ~
o
= Err_RPM
@
A ~ — 2es A ‘
5
mc _Sensor_A m Cu s B c s =G
SIESTEREFIVELO P EPSTES VER P EUXS LES LT LATT I Y AN, [ yottommve B ———— =
2 -‘1:.‘1&v¥':ir.;.?)‘:iﬂ’;r.},{..‘;r SRR "’U'Av“-:’*i e o L] g .
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L|DAR Development with MBD — Motor Angle Decoder & Laser Driver

Motor Angle Decoder and Laser Driver development is based on HDL Coder, Stateflow, Simulink,...

Photons Objects
- & >
Photons | Front A k
- — 4| Cover o o
Record real physical data VW V>
In Lab, Measurements : I Sendina Phelons "
Mirror [ . : Phot SPAD
A ‘ ~ — — = =ReecivingPhotons=— = = = =— (.| Optics otons Detector

| Simulink Noisy Sensor Plant Modeling | - Sensor
Rl R i . B ~——— ;
i Mecharjlcal B Magnetic | Field Dnver. Electrons= Matlab, Statistics, |

Coupling Codewheel Electronics | S

Analyze Curve Fitting I
Data Patterns Torque R e R S ———— Driver Signals Noisy ToF Meas. | I
I Angular| Velocity spesd |* Noisy Angular PositionMeas. | _________| ________________________|____ % Algo. Dev. I
Matiab, Simulinkeimscape, Stateflow,]... ... 3OSVM| Regulator, [ = e vy e e e e e e ey A | I RELCmalss |
i s Driver I ~ FPGA g |
Develope Plant Model Motor: | Circuitry NVM pfiine | ¢ Angle Corr. ¢ LSR Drvr  ToF Corr. @ Point Cloud Generation | 3-p I
to generate Patterns E:{:’rated I I
in Simulation HDL Coder, HDL Verifier, Simulink Test, Coverage, Requirement, | ======== :

IStateﬂow Signal Processing, Communication, DSP, .. |

_________________________ 4

Magnetic

Pattern

'y

Develop Algorithm against
Plant Model in Simulation

HDL Coder, |.. ... v
Auto Code Generation

o e o e e e e e e e e e e e e e e e e e e e e

Integration
Deployment on Embedded Hw




Sensor s Azimuth Accuracy, Precision, Missing Shot Improvement |
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MBD is the cornerstone in development, from ideas to algorithms with automatic production code
generation, ISO / ASPICE process compliance till KPI / requirements fulfillment of the product.

Mlssmg Shot

Histogram and Curve Fitting to Lab Data

I 1 1 1 1 1
/M\/\
11 11 | |
I 1 1 1 1 1
I 1 E 1 | 1
I I I I I I
I 1 1 1 1 1
| 1 1
. /.\\ T4
11 1 1 1
(| (I 1
I | I | I |
l l l
Precision
Accuracy

\

0 ~N(pi.

;!

Filtered: ‘
p =1.3047%-5 q
0 =2.05937e-7 ‘

Raw:
p = 1.4137%-5
o = 1.92536e-6
1 1 1'5 16 1‘7 18 19 2
Raw Tick Period [sec] <10

Horizontal angular offset (°)

o
@
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Offline Calibration

Online Motor / APS
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R0 f .
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J— [N, - ot

>
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05 g 1
0.4
03
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0.5 v
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Sensor s Azimuth Accuracy, Precision, Missing Shot Improvement Il

Easy to use tools and Apps in an integrated, consistent development environment with MBD

Filter Structure Targeting Xilinx
FPGA Efficiently by HDL Coder

e %

{

Rst_CniB_o = false; % CntB keeps running
_cm_ =true; % Hold Rst i
jtch_to_CntA_o = faise; % Switch to CntB

Reconfigurable Laser Driver Pattern

with Stateflow

~1

—

CniB keeps i)
ntA begins runnin
ntA_o = false; % Switch to Cnl kB

(PinponB2A

ReleaseRstCntA

M_Gen_UrFitared
Simulink Implementation Model
i _ens
Fiterod_SysTs —
OyaTeme_o AverageaSysTime_A E
Rst_CntA x33_Ens =
] Dabug_Cnt_FFO_1 »-
Cot = | Debug_Cnt_A_FIFO_1 —
Debug LAEZC"K( 'l\nul‘ s —
Sum_ >
e Sy Debug_Sum_Lut2Cet_SysTimeCnt_A =
Ax22 Debug_Cnt_A_Latch_1
Detug_Cnt_Lakch 1 >
Cnt_Latch as »3
1 4ps_Omsen | D009 Cnt Lateh 8 e =
g. e $Ax33_Eng o —
§ oo R Dby CRLA PO =3
Cnl_206it & litter Reduction A Q
TickPeriod_o

Convenience DSP Blocks

> -

Running_Mean_o

(2

Running_Std_o

Rst_( % Cnt
Switch_to_CntA_o = true; % Keeps Mput Ericks from Cata
}

CmEk eps running
st Cnt

boolea
[UnFilteredTick]

Extrapolation Algorithm offers
resolutions beyond HW availability

boolean
[FiteredTick]

I LEn] S

boolean

Gay
Extrapolateatic Eat -5

Recorded LAB Data Easily Imported to

MATLAB and Simulink for Validation

=

e ———

-

b
Tick_OR_Extrapolate_¢

10



'FPGA Area and Speed Optimization with MBD

= Fixed-Point Designer detects overflows and potential
errors, proposes HW-efficient data types

= Lookup Table Optimizer maps arithmetics to RAM, helps
with trade-off exploration and design optimization

Passed Implementation 4\ Lookup Table Optimizer Passed Implementation
Parsed resource report file: RPM_2 RT Calc O B Parsed resource report file: RPM_2 RT Calc_utilization_placed rpt
I Objective
[Resource summary | Resource summary
| = il i - '
10T - - Py
| - \ 509 CLBLUTs 16 000 038
L CLB,LL—IS 88 44000 2.02 b Welcome to the Lookup Table (LUT) Optimizer] CLB Registers 128 3000 0.15
CLB Registers 116 88000 0.13 Dsp = {‘ 100 . ‘;
DSPs 0 400 0.00 T T e s
Block RAM Tile 0 100 0.00 Select the source for memory efficient LUT Block RAM Tile 0.5 100 s
URAM 0 0
URAM 0 0 =
(O Simulink block or subsystem _
Parsed timing report file: timing_post_route rpt
Parsed timing report file: timing_post_route rpt Create a memory efficient LUT for a Simulink block
Timing summary
Timing summary . Ve |
e | ik Gty Reqiemeat 422 030 M2
Requirement 4 ns (250 MHz) Creste 2 memory efficient LUT for 3 MATLAB function handle e
RataPath Delay 22 831 ns . a _> Slack 0.719ns
| Slack -18.851 ns e Speed improves 304.8x Clock Frequency 304.79 MHz
J
! Clock Frequency 43.76 MHz T
Create a memory efficient LUT for a curve fit object from base workspace |

4\ Fixed-Point Tool
ITERATIVE FIXED-POINT CONVERSION EXPLORE

o7

Settings ~ l;g @

Run td
New Propose Apply
v Data Types Data Types
WORKFLOW | PREPARE | COLLECT CONVERT \
Workflow B Results
g Setup Name a  CompiledDT SpecifiedDT
45 BaselineRun_2 | @ ©AI<_LEN_UUUDLE KEr/LUNSH.. uvuvie
< SA32_Gen_DOUBLE_REF/Consta double
¢ SA32 Gen DOUBLE_REF/Delay!  boolean
Ik cA29 Ao NALIDIC DCC/NAla44

Model Hier

=] g Simulink Roc
£ Data Obje

[=] [P tbSA32

@ [P SA32 .,
= . oo 1

[Pa] Asses
[Pa] Asses
[Pa] Asses
[Pa] Asses

Histogram Bins

Visualization of Simulation Data

Histograms of all

MathWorks AUTOMOTIVE CONFERENCE 2024

| WARNING: Timings not met

¢ AASC_vivado - [E:/TU/prj2308_WORKSPACE/_AASC_BLDC_Boog# AASC_vivado - [E:/TU/__pjWORKSPACE/pjAASC/code/_tbAASC_TryRevertDS
File Edit Flow Tools Reports Window Laj FEile Edit Flow Tools Reports Window Layout View
® » | = ® b B O
IMPLEMENTED DESIGN -xazu3eg-sfv3625-1-i IMPLEMENTED DESIGN - xazu3eg-sfvab25-1-i
Tcl Console Messages Log Reports Designll = Tcl Console Messages Log Reports Design Runs utily
= T ot _icio ot i b -eSliE o
o
© v | a v | a R ! 4 = = % Hierarch
flQ=|e : Q T £ % Hierarchy Overall > - s ol
= | A CLBLUTs
Z | Hierarchy ~ Name A CLBLUTs Area Name i
L 70s60) 44 improves [P
: e AASC 21188 I:1) 9 il inisi —
V CLB LoGIC i bt ) -IX 8 > 111 U_ARRAY_NORMAL_V 1
AASC_DAC "
— i p—rrTToTe > [1] u_Cnt_Lsr_TRG_F_FS) 58
—— ke CCIRIUTS T S I 0 Cnt M Genrcnt 11 5373

11



'FPGA Area and Speed Optimization with MBD -
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Example

Example: The original design of Scan Angle for Point Cloud Data Structure has overflow and

consumes many FPGA Resources.

= Overflow detected in design
= Consumes many CLB LUTs

 SA32_Gen_NEW_vivado - [E:/TU/__pjWORKSPACE/pjAASC/code/SA32_Ref/240126_1138/vivado_prj/SA32_Gen_NEW_vivado.xpr] - Vivado 2022.1
File Edit Flow Tools Reports Window Layout View Help Q- Quick Access
=, B ® b, B MO B & X ¥
IMPLEMENTED DESIGN - xcau10p-sbvb484-1-i
_| | TclConsole Messages Log Reports Design Runs Utilization x Timing Power Methodology DRC Package Pins liO Ports
o
§ Q = = «0 T = % Hierarchy
© >
§ Hierarchy 7 Name CLB LUTs LB Registers CARRY8  F7 Muxes CLB LUT as Logic LUT as Memory DSPs
E Summary (44000) (88000) (9720) (38880) (9720) (44000) (40320) (400)
v CLB Logic |~ 1| SA32_Gen_NEW | 1633 1623 49 7 e 1470 163 12
CARRYS (1 [X] u_nfp_add_comp (nfp_add_single 505 532 17 1 129 464 41 0
F7 Muxes (- [Z] u_nfp_relop_comp (nfp_relop_single 4 12 0 0 4 4 0 0
v CLBLUTs | [I] u_shiftRegisterRAM (SimpleDualPortRAM_generic) 20 1f 0 0 20 0
v LUT as [Z] u_shiftRegisterRAM_generic (SimpleDualPortRAM_generic__parameterized1) 10 16 0 0 7 0 10 0
LU [I] u_toSA32_SA32_Gen_NEW_nfp_convert_sfix_75_En37_to_single (nfp_convert_sfix_75_En37_to_single) 521 468 17 0 126 519 2 0
LU [I] u_tbSA32_SA32_Gen_NEW_nfp_convert_single_to_fix_32_En0 (nfp_convert_sinagle_to_fix_32_En0 345 214 7 0 85 321 24 0

12
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FPGAArea and Speed Optimization with MBD — Fixed-Point Tool |

Use the App “Fixed-Point Tool” to convert the data types used in the design under
optimization to more efficient ones, i.e., given a defined tolerance, to analyze over/underflow
in the signal chains, to automatically propose improved data types, leading to reduced Area.

(1) Open Fixed Point Tool App (2) Select Iterative Fixed-Point Conversion

th_SA_Single_Gen_MAC_DEMO - Simulink
oL . Select a Workflow
SIMULATION MODELING APP

.,-_r";;] Optimized Fixed-Point Conversion (2)
Automatically convert your model to use optimized fixed-point data types.
FEvamnle Hsaln

e,-_r}ﬂ Iterative Fixed-Point Conversion (2)

Automatically propose fixed-point data types and manually select which data types to apply to your model.
Example Help

@ Range Collection (2)
Explore numerical behavior of your model pre- or post-conversion.

Example Help

e * 8 =

Frequency Control System Control System Model (3) Pre pa re to Create reStO re pOint
Response .. Designer Tuner Discretizer
4\ Fixed-Point Tool
RFg t S;'W[;Es I ITERATIVE FIXED-POINT CONVERSION
Analyzer Designer
B ,f;t_‘ [+],—=
exea exes g asa i A E‘LF =2 i i
5] (5% L : (4) To automatically collect
Embedded Simulink AUTOSAR DDS HDL PLC Fixed-Point New Prepart Collect ] , ]
Coder Coder Component ... Application ... Coder Coder Tool — Ranges — Slgnals data ranges drlven by
WORKFLOMLERERARS LSO a full range test vector
~ Workflow Browser :
@ Setup 13
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FPGAArea and Speed Optimization with MBD — Fixed-Point Tool Il
Step-by-Step follow the intuitive flow in the App

(5) User’s inputs directive for (6) Tool automatically detects critical Overflow and Underflow. Evaluate.
Optimization Tool’s searching process Go back to (5) and change directive, or analyze then change simulink

— e - design to solve critical issues.
Settings ~ | —
me - mpil ifi T imMin iml q
pROPOSE Q giaas‘le (s:i:g\: = e :/:POSEdDT —— —5128?3703808 ;589’22’;592
( ; 3  Ch_I_Rising_Edge boolean boolea nla
pl’OpOSéI ’ Fraction Length v | $  cnem fixdt(1,16,0) fixdt(1,16,0) ]
f & Config_MirrorSideOffset fixdt(1,16,0) fixdt(1,16,0) O
B 2 . N 3 Constantt fixdt(1,16,0) fixdt(0,16,3;
pl’OpOSE 5|gnedness. [ Yes i | 1  Constant1s fixdt(1,16.0) fixdt(0, 16, 4:
u $  Constant2 fixdt(0,55,34) fixdt(0,55,35)
Safety margin for simulation min/max (? 0.1 B Constan3 Focd(0,55,34) fix(0,55,34) o
g
CONVERT TO FIXED POINT ﬁ 13 Data Type Conversion3 single single fixdt(1,32,-3) -12883703808 4294967296
& Delayt boolean nia
. ( Q Deys  bookean /
|| Convert double/single/half types: \ Yes v | 2 Zliii - wa
: $  Delay3s boolean na
Convert inherited types: [ Yes - | s bovlean o
X 1S ExtrapolatedTick_En_i boolean boolean nla
Default word Iength: 32 l 3 zamz } fixdt(1,67,37) :ix:l(I sl7 hzn fixdt(1,67,37) O -302675328 3926633445
ain; ain nherit: Inherit via inter... n/a
Visualization of Simulation Data
Default fraction [ength; Histograms of all results in the model =
A
Original Data Type Word Length Fraction Length )
T ¥ ’ < 2 e R TCTTTTTTTTUC [t R e
Double/Single/Half - 32 Will propose — —
Inherited - 32 Will propose
Fixed point T No Ch_a nge Will propose 4\ Simulation Data Inspector - untitled* - ] X
Q @ Baseline: | BaselineRun_2 v Compare to: | EmbeddedRu|
. . . . Inspect Compare
(7) Let App propose new fixed point data types in the design, then change E B
. . . . . [+] More W theta_double_MSO_Mirror_reg (BaselineRun_2)
the design with new types, fix some minor type mismatch errors, then ,
. . ~ Compare EmbeddedRun to BaselineRun_2 @30 Q6
Simulate, compare the differences, analyze,... 0 TR
CntM_reg_double 0.00% 0
= ¢ Theta_double_reg 0 0.00% 1.02e-07 0 .
P T (] MirrorSide_Double 0 0.00% 0 /] .
l’ @ Qé ‘ » Theta_double MSO 0  0.00%  1.00e-03 o .
- . Com are e Properties -
Propose Apply Simulate with P 7 B ; T o
Results - - Name theta_double_MSO_Mirr¢ theta_double_MSO_Mirr¢ Tolerance m Difference
Data Types Data Types Embedded Types - el o 2= § 14
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FPGAArea and Speed Optimization with MBD — Fixed-Point Tool Il

(8) Iteratively develop testbench to cover full range inputs and to evaluate performance toleration

Original model in floating point data type “double”, i.e., highest numerical accuracy

Realistic testbench. Simulation time much longer.

ExTr

Deduced Test Sequence covering full input
range. Simulation time much shorter.

Chose faster Test Vector or slower one ey e

Original model to be improved

I m,,. Routing to choose 2 out of 3 for evaluation

! ==t

I - B e s I < i

ity

| I

| <=

—————

I o [

L. = Evaluate outputs’ numerical tolerances

between Reference and UUT
UUT, i.e., model replaced by Fixed
Point Tool with its proposed new Data
Type leading to improved Area



FPGAArea and Speed Optimization with MBD — Fixed-Point Tool IV

Compare Utilization before and after “Fixed-Point Tool” workflow:

File

(& HDL Workflow Advisor - thSA32/SA32_Gen_NEW

Edit Run Help

Find: |

v]<a

v

<

<

v & HDL Workflow Advisor

Q 1. Set Target
o A1.1. Set Target Device and Synthesis Tool
o 1.2. Set Target Frequency
o 2. Prepare Model For HDL Code Generation
@ 2.1. Check Model Settings
o 3. HDL Code Generation
@ 3.1.5et HDL Options
o *3.2. Generate RTL Code and Testbench
@& 4.FPGA Synthesis and Analysis
0 4.1. Create Project
W ° 4.2, Perform Synthesis and P/R
O 4.2.1. Run Synthesis
Q 42.2. Run Implementation
o 4.3, Annotate Model with Synthesis Result

4.2.2. Run Implementation
Analysis
Run place and route for specified FPGA device
Input Parameters

[] skip this task
[] 1gnore place and route errors

} Run This TaskJ
@& Passed

Passed Implementation.

Parsed resource report file: SA32_Gen NEW_utilization_placed.rpt.

Resource summary

@ HDL Wo Single_Gen/SA_Single_Gen
File Edit Run Help
- o
— 4.2.2. Run Implementation
v [ HDL Workflow Advisor Analysis
v @ 1.Set Target Run place and route for specified FPGA device
Q A1.1. Set Target Device and Synthesis Tool Input Parameters
@ 1.2 Set Target Frequency [] skip this task

v 0 2. Prepare Model For HDL Code Generation
@ 2.1.Check Model Settings

b4 0 3. HDL Code Generation
@ 3.1.5et HDL Options

Q A3.2. Generate RTL Code and Testbench

<

@@ 4. FPGA Synthesis and Analysis
@ 4.1.Create Project
v @ 42. Perform Synthesis and P/R

0 4.2.1. Run Synthesis

CLBLUT:s 3
CLB Registers 162
DSPs

URAM 0 0

Parsed timing report file: timing_post_route rpt.

Timing summary

Requirement 4 ns (250 MHz)
Data Path Delay 3.54ns

Slack 0.403 ns

Clock Frequency 278.01 MHz

Generated Post Route Timing Report timing_;
Task "Run Implementation" successful.

Generated logfile: E:\TU\ piWORKSPACE\pjAASC\code\SA32 Ref\2408124

[E] 43. Annotate Model with Synthesis Result

54% reduced

[] 1gnore place and route errors

]me This Task}
@& Passed
Passed Implementation.

Parsed resource report file: SA_Single Gen utilization_placed.r

Resource summary

';!-rl! ”|,“!I:i| :rr\-’.x! lgsl

CLBLUTs 735 44000 1.67
CLB Registers 636 88000 0.72
DSPs 400 225

v 100 0.00
URAM 0 0

Parsed timing report file: timing_post_route. rpt.

Timing summary

| [Vahe |

Requirement 4 ns (250 MHz)
Data Path Delay 3.863 ns
Slack 0.118 ns

Clock Frequency 257.60 MHz

Generated Post Route Timing Report timing_post_route.rpt.
Task "Run Implementation™ successful.
Generated logfile: E:\TU\__ pjWORKSPACE\ R23b\_ AASC\code\

*=xx2* Vivado v2022.1 (64-bit)

MathWorks AUTOMOTIVE CONFERENCE 2024
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FPGAArea and Speed Optimization with MBD - Example

Example: Motor Speed Calculation requires the arithmetic operation “Reciprocal” which
consumes lots of FPGA LUT resources, also challenging to meet timing constraints.

60 60 60/7168

A\
RP A R ; A ; s A 5 - » 7 1 | = » 1
MotorPeriod 7168 X TickPeriod TickPeriod Esti_Motor Period_ u Al NOTor, Gpsd.0
IMPLEMENTED DESIGN - xcau10p-sbvb484-1-i
Tcl Console Messages Log Reports Design Runs Utilization Power Methodology Package Pins O Ports
Q = = 4«0 T £ % Hierarchy
4
Hierarchy N i ;, CLBLUTs CLBRegisters CARRY8 CLB LUT as Logic
" Bl (44000) (88000) (9720)  (9720) (44000)
v CLB Logic ¥ RPM_2_RT_Calc_out_of_date 887 116 112 141 887
CARRYS (1% [Z] u_Reciprocal_Default_20230120_1019 (Reciprocal_Default_20230120_1019 490 16 64 80 490
v CLB LUTSs (2% [X] u_RPM_2_RT_Calc_out_of_date_tc (RPM_2_RT_Calc_out_of_date_tc 10 0 18 30
« Consumes many CLB LUTS [ weteweneooesion-scautop sovosor -
u TI m I ng fal I u re TclConsole  Messages Log Reports Design Runs Utilization  Timing x Power | Methodology Package Pins 11O Ports
Q = £ 0 4 Design Timing Summary
>
General Information
Timer Settings Setup Hold Pulse Width
© Design Timing Summary Worst Negative Slack (WNS). -18,851ns Worst Hold Slack (WHS): 0,058 ns Worst Pulse Width Slack (WPWS): 1,725 ns
Clock Summary (1 Total Negative Slack (TNS):  -206,551 ns Total Hold Slack (THS): 0,000 ns Total Pulse Width Negative Slack (TPWS). 0,000 ns
Methodology Summary (53 Number of Failing Endpoints: 16 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
? i CReCKRIng {63 Total Number of Endpoints: 200 Total Number of Endpoints: 200 Total Number of Endpoints: 116

> " Intra-Clock Paths
Inter-Clock Paths

Timing constraints are not met.

MathWorks AUTOMOTIVE CONFERENCE 2024

17



MathWorks AUTOMOTIVE CONFERENCE 2024

FPGAArea and Speed Optimization with MBD — LUT Optimization |

Use the App “Lookup Table Optimizer” to re-target the design from FPGA LUT into RAM
Blocks, reducing the use of LUT resources and improving timing performance.

(1) Open the lookup table optimizer app (2) Choose MATLAB function handle

PL thAASC - Simulink o | ookup Table Optinize
SIMULATION MODELING PP HDL CODE SUBSYSTEM BLOCK
& [Bearch Objective
Get <> FAVORITES

Add-Ons ~

e * ) ¢ B * exxa S O ¢ 5 K * *

awsowenr [ L 3 i & o
& Linearization Model Control System Embedded Fixed-Point Requirements Coverage Simulink —
= —— Manager Linearizer Designer Coder Tool Manager Analyzer Test > > Welcome to the LOOKUD Table (LUT) Optimizer
o
SIMSCAPE
& B =)
5 @ -

B Variable Sealine Load-Flow Select the source for memory efficient LUT
ot Analyzer Analyzer
= CONTROL SYSTEMS (O Simulink block or subsystem

g * Gk * R == 7
=] i u > T Create a memory efficient LUT for a Simulink block

Steady State Linearization Model Frequency Control System Control System Model

0 Manager Manager Linearizer Response .. Designer Tuner Discretizer

SIGNAL PROCESSING AND WIRELESS COMMUNICATIONS

(@) MATLAB Function Handle
Logic Create a memory efficient LUT for 3 MATLAB function handle
Analyzer
CODE GENERATION
N
g = Ty R i3 v () Fitted Curve
i3 & 5 5 W5 %
Embedded Simulink HDL Fixed-Point Single Precision Lookup Table
Coder Coder Coder Tool e erartar Optimizer Create a memory efficient LUT for a curve fit object from base workspace

18
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FPGAArea and Speed Optimization with MBD — LUT Optimization |l

Specify function, enter the targeted input data type and input range, set to HDL Optimized

4\ Simulation Data Inspector - untitled* = =] X

2
|»

B AASC_RPM_2_RT

Jrosms

0.001

Qe PH[EDRE +

0 0.05|GRIEER 000018 0.00018 008020 006022 0.0002¢ 0.05020 OJNIRERIAI?0 000032 0.00034 000036 0.0025 000040 0.000+2JUEAERP00% 0.00348 Objective
W RPM_Target ® Estimated_Motor_Speed_RPM
vowJ ’W‘J{ Time Plot
‘ MATLAB Function Handle
ﬁ 000 éPM [@w) 1% ] LUT Specification X
. ‘ Attributes of Memory Efficient LUT Interpolation : | Linear - |
. ke %Y Aftributes | Breakpoint specification : | ExplicitValues = |
WEM% N - (
y W Desired Outfut Data Type | fixdt(0,16) Saturate to output type : (False - |
- | AUTOSAR Compliant : (False - |
Inpu Desired Data Type Minimum Maximum \
” 1 fixdt(0.29,27) | 0.001 0.01 Explore Half : [ True v |
HDL Optimized : | True - |
. Solution Type | Simulink - |
'0.05008 000010 0.00JGEUNERN 000016 000018 000020 0.08022 00002+ 000026 OJJUUUUEIRMe0 000032 000034 0.00038 000038 0.00040 0.000+ZUNELERP0046 0.00048
W Test Assessment/../step_1_1.verify(Input1 < 1) ® Test Assessment/../step_1_2verify(Input1 < 1) M Test Assessment..../step_1_3verify(Input1 < 1)
|  Help | [ Ok ] | Cancel |
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FPGAArea and Speed Optimization with MBD — LUT Optimization Il

Tool generates new model targeting HDL efficiently

&

= CLB LUTs reduced
from 887 to 167

= Achieved Timing
closure!

IMPLEMENTED DESIGN - xcau10p-sbvb484-1-i

Tcl Console Messages Log Reports Design Runs Utilization x Timing Power Methodology DRC Package Pins /O Ports
Q = = 4«0 X =2 % Hierarchy
>
Hierarchy N 2 ; CLBLUTs CLBRegisters CARRY8 F7Muxes F8Muxes CLB LUT as Logic BlockRAM  DSPs
Summary il (44000) (88000) (9720) (38880) (19440) (9720) (44000) Tile (100) (400)
 CLB Logic RPM_2_RT_Calc 167 128 14 19 4 43 167 05 5
IMPLEMENTED DESIGN - xcau10p-sbvb484-1-i
Tcl Console Messages Log Reports Design Runs Utilization Timing x Power Methodology DRC Package Pins /O Ports

Q z=/s|C M
General Information
Timer Settings
Design Timing Summary
Clock Summary (1)
Methodology Summary (52)
> "= Check Timing (47
> = Intra-Clock Paths

lotar Olocl Dot

4 Design Timing Summary

»
Setup Hold Pulse Width
Worst Negative Slack (WNS). 0,719 ns Worst Hold Slack (WHS): 0,056 ns Worst Pulse Width Slack (WPWS): 1,457 ns
Total Negative Slack (TNS): 0,000 ns Total Hold Slack (THS): 0,000 ns Total Pulse Width Negative Slack (TPWS): 0,000 ns
Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
Total Number of Endpoints: 316 Total Number of Endpoints: 316 Total Number of Endpoints: 133

All user specified timing constraints are met.




'FPGA Area and Speed Optimization with MBD

= Simulink Test provides non intrusive test
harnesses for model tests and efficient integrated

workflows.

= Simulink Coverage provides Model Coverage
= HDL Verifier proves the equivalence between the

model and generated code.

= HDL Coder is also certified by TUV SUD to be
suitable for use in developing ISO 26262 products

for all ASILs when taking V&V measures

4 HDL Workflow Advisor - ScanNumberSA32/SeibersdorfA0_Unfilt_S2_MAO_Nov_15

Find P P

4.2.2. Run Implementation
o R alucmie Analysis

V. .50t Rage Run place and route for specified FP

Input Parameters
[[] skip this task

[] 1gnore place and route errors

<
o

§0.00:0:00

0
T EE

Tool Classification

Tool Error
Detection

Tool Impact
Analysis

Tool
Confidence
Level 1

MathWorks AUTOMOTIVE CONFERENCE 2024

Tool Qualification

No extra needs to
further qualify
development tool

BUE®| e

O m

yvE2e
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| FPGA Verification with MBD — Model Verification

MathWorks AUTOMOTIVE CONFERENCE 2024

Use Simulink Test to create a test harness, to evaluate input / output data range, data types,
testbench to define expected reference behaviors.

W N =

motor_period

20240105_1634_CT: SimulationStopTime = 0.00415
for "Try_Rcprel_lut_06.mat*

______________________________

AASC_RPM_2_RT_i

RPM_2_RT_Calc

; RPM_Target
11 single = Hz
RPM_Target

Emulation_of AASC_Internai_Function

20240105_1634_CT: SimulationStopTime = 0.00415
for "Test Sequence”

RPM_Target

Test Sequence specifying test cases,
ranging between 100RPM and 1000RPM

RPM_2_RT_Calc_Harness/Test Sequence * - Test Sequence Editor

. ¢ B0 = o=

Symbols | Scenarios Step
Input step 1
Output output1 = 1000;
output1
step_2
Local output1 = 600;
Constant
step_3
Parameter

output1 = 100;
Data Store Memory

%

Investigate input / output data
types, minimal, maximal ranges

Test Assessment to compare results and judge correctness for
e test cases ranging between 100RPM and 1000RPM

@ RPM_2_RT_Calc_Harness/Test Assessment * - Test Sequence Editor

(] * &= © 4 & b
Symbols Scenarios Step
Input B\ step_1
1. [&J Input1
(o}

RV step_1_1 when (t < 0.0002) && (t > 0.00019)
Local verify(Input1 < 1); % err less than 1%
Constant

step_1_2 when (t < 0.0004) && (t > 0.00039)
Parameter

verify(Input1 < 1); % err less than 1%
Data Store Memory

step_1_3 when (t < 0.0005) && (t > 0.00049)

verify(Input1 < 1); % err less than 1%

step 1 4

22
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'FPGA Verification with MBD — Measuring Test Coverage

Achieve 100% Coverage with the same Testbench against the new, efficient model (MiL).

9} Test Harness: RPM_2_RT_Calc_Harness/RPM_2_RT_Calc * - Simulink

SIMULATION MODELING COVERAGE X
1 Stop Time | Simulatio: () ( ED
oll @ @ s bl i @ P P | B B B
Coverage | || Cumulative Settings (Normal =) Step Analyze Step -Covgrag_e Coverége Results (enerie
CN Collection 0@ Fast Restart Back v Coverage v Forward Highlighti... Details Explorer Report
cTATIIC PREPARE ANALYZE REVIEW RESULTS
<A 45 RPM_2_RT Calc 77n | Coverage Details
® €3 | Details
a 1. SubSystem block "RPM 2 RT Calc"
3
- Child Systems: FractionBitSlicel. IndexBitSlicel
B Metric Coverage (this object) Coverage (inc. descendants)
™ 0% (20/2 .
Biscition NA 100% (30/30) objective
] outcomes
Switch block "SaturateUpperBoundl"
Justify or Exclude
Parent: RPM 2 RT Calc_Harness'RPM 2 RT Calc
Metric Coverage
0/ = =
Bl ecition 100% (1/1) objective
outcomes
Execution analyzed
Block executed 100%
875001/875001
23
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’ FPGA Verification with MBD — Back-to-Back Verification

(7) HDL Verifier validates that the model and generated HDL code have the same behavior as in HDL

simulator (co-simulation) and on FPGA Hardware (FPGA-in-the-Loop). It can also incorporate legacy
hand code into Simulink models for simulation.

o = Compare model output
=  Open cosimWizard

against HDL simulator output

E] Cosimulation Wizard X ™ H D L Sl m u Iato r
Steps Actions ‘ b o7
-> Cosimulation Type Select the type of cosimulation you want to do. If the HDL simulator executable M e, ——— ‘ }
HDL Files you want to use is not on the system path in your environment, you must specify ST eoes RE[ G x &l ke owox<ia]= a[s! s
- its location. P s o El| ag ) INEEE
HDL Compilation e fe || SRR P s
o . [QQaiia]ates @ |
Simulation Options HDL cosimulation with: |Simulink - fpm o —— o~ e
Input/Output Ports HDLSi - ModdiS :I{;m:n!-m_nzbs\ - :w“:r:: :'m File Edit View Add Format Jools Bookmarks Window Help
; imulator: | ModelSim 5 D S oo Avec S O6R
Output Port Details E e [8-cE-6 i manx o e | STEAR|
Clock/Reset Details DM oo roeeine e v | [ ] ] L] T (B0 || £ £ e E :
@® Use HDL simulator executables on the system path O ia gl — ..
Start Time Alignment ¥ P e 25 O ]
Block G fion O Use the HDL simulator executables at the following location e
= Specify source code, sample time, data types, reset timing... | 3= 3 o
osimulation Wiza x %}’Va}ms :z‘ " o oo, \/
Steps Actions o e
Cosimulation Type Add all VHDL, Verilog, and/or script files to be used in cosimulation to the following i oo 8 Py ] o :j
-> HDL Files table. If the file type cannot be automatically detected or the detection result is 4
incorrect, specify the correct file type in the table. If possible, we will determine ; poecz |
HDL Compilation the compilation order automatically using HDL simulator provided functionality.
Simulation Options Then the HDL files can be ad

Sign L
Clock/Reset Details E:\TU\prj2111\ScanNumbqd 1 Tnherit -[5igned

Ines and data types to 'Inherit' HDL time unit ns 25 Li [i77]
Input/Output Ports Source Files: . 5 ‘ ﬂ
Output Port Details Sample Time Data Type s Cl oc }(5 0
0 5

10 15 20

Start Time Alignment  |z.\7u\prj2111\ScanNumbq 4e-° Inherit - signed Clock Name Period(ns) Active Edge
s 4e-9 i v i
Block Generation E:\TU\prj2111\ScanNumbqd “°7° Ehontt s 11 A : 1
= de-9 i i ClK 4 RisS1ing 24 @
. . . 4e-9 Inherit ~|Signed %
E:\TU\prj2111\ScanNumbd b4
o 4e-9 Inherit v | Signed o oF
o 4e-9 Inherit ~|Signed l

=
[

|
(<]

Inherit v Signed 7 I t 0 5 10 15 20 24




Key Takeaways

Project: Scala 2

Project: Scala 3

A t
spects Bottom-up, Manual Approach MBD Approach
Requirements and desian implementations are Model serves as both simulatable requirements and
Executable q ; P design implementation. Easy to understand, high

specification

separate files. High efforts in understanding the design
and maintaining consistency and traceability.

confidence level in consistency throughout V-Cycle.
Automatic traceability.

System-level
simulation

Surprises can occur late in the design process. Can be
challenging to fix. Different teams use diverse tools.
Domain knowledge not as easy to share.

Cross-domain teams collaborate in the same
Simulink environment to investigate ideas,
possibilities, limits, and identify risk early.

What-if analysis

Limited options explored as HW implementation. Not
easy, high cost to perform generic thorough
investigation.

Many design options, scenarios and trade study
can be simulated and evaluated early on HW

Automatic Hand coding is prone to manual errors, experience

production code |and time consuming. Requirement fulfillment can be |Systematic, automatic approach. Higher efficiency.
generation difficult to understand.
Knowledge High effort, difficulties in communication, and in

management

convincing different teams and stakeholders.

Teams / stakeholders communication easier

MathWorks AUTOMOTIVE CONFERENCE 2024
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Gratitude to MathWorks Professionals and Consultants

“MathWorks Experts collaborated with Valeo throughout project development, offering expertise
in Model-Based Design, guidance, issue investigation, technical evaluation and design
optimization - from the early design phase to project completion.”

Thank you for supporting Valeo’s project success !!
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