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~ The biggest problem was
- not the unit mismatch itself,

&= - but the failure to detect and

¥ corectthismistake

2 5
VI /777
V /1L TT ]

- L/
o W

qqqqq

~ Image credit
— - L



&\ MathWorks

Challenges — complexity

2025

g
(VUL

1 FPGA engineer, Multiple FPGA engineers, Team of engineers (algorithm, architect,
1 board with 4 FPGAs 1 board with 1 FPGA FPGA, software) for 1 board with 1 SoC
o Applications: logic interfaces, o Applications: o Applications: very complex algorithms
very simple algorithms more complex algorithms (artificial intelligence, wireless, signal
processing, vision, motor/power, etc.)

o Xilinx XC4000E resources o Xilinx Virtex-5 resources o AMD Versal resources (Logic Cells 9M,
(DSPs 0, Logic Cells 85K, (DSPs 1K, Logic Cells 330K, DSP engines 11K, Al engines 400,
BRAM) BRAM, Embedded Processor) BRAM, URAM, ARM)

o Schematic entry = o VHDL = MBD (FPGA) o Will this be the next evolution? =

hybrid schematic entry + VHDL MBD (SoC/FPGA) + MBSE??
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How do you create your FPGA architectural block diagrams?
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Visio

Might be
okay for simple
architectures

Powerpoint

Best for
complex
architectures

System Composer

SysML MBSE tool

Webinar Oct 29t 2024, An Expert’s Guide to Using MATLAB
and Simulink for FPGA and SoC Design, 385 attendees

= 2 B

Napkin No tool We don't create an
FPGA/SoC
architecture diagram
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Adam Taylor is on a good path here ......

Capture Define FPGA
requirements architecture

Analyse system

Code generate FPGA

Al )
Adiuvo Model Based Flow %

structure
<P
Design blocks e
[ E B
- 4 Code generate iN e =n . e i A s
M\%{}IJSEINK' A block contents S rn
N jors e m— 1
vetilyBlocis The main FPGA challenge lies in architecture, often informal and overlooked. A

MATLAB 4 tool is needed to generate RTL directly fromthe  chiteciure + designin a

L LPIRL single model, making it the single source of truth.
oV NP S NS Adam TEIY'OI', Adiuvo
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Challenges — complexity =» needs

Top-down design processes
— Functional decomposition
— No simulation needed early, but ..... later you will need simulation

Go Beyond Textual Requirements
— Use expressiveness of requirement models and trade studies
— Use views to put stakeholder discussions in context

Validate compliance to requirements through simulation

Deployment
— Generate RTL code from architecture + design models
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Model-Based Systems Engineering + Model-Based Design
ystems Engineering o (%)t

Requirements

B3 ADC Fram Curria |

S

Architecture
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Integrate MBD with
MBSE

ﬁ' LagicalProfile \
— AX|_interace

=l &
= Externallnterface E] E]
¥ !=Function 1= Icon . '|

ﬂ Multiplier
@ i Custom

@ Multiplexer .
@ Register_1_bit Profiles
O Criticality

ﬂ%Functi:nGrDup |t|g|i-| Icon . v

\ = |nternallnterface E] @j

Voltage To PWM Compare %
fix32_En18 (3,

Sfix16_Ent1 (3)
Phase_Voltage_Command '—g

paramPwmCompareAlZeroVolt

) Isﬁx3 3 I )
¢ f il 16 ( ¢ ).PW mpare
3 I pwmCompare
Data_Type wes
Upper Limit = paramPwm¢C reha:
Lower Limit = 0
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Requirements: Textual, Traceabillity, Interfaces, Interactions

Qle Inverter_Inp—{> Enah\e_lnvarter_)

|———— > Phase_CurrentsA

ﬁ B FhaseﬁCurrentsBj

RegHDL1: Detect over current er

Tor
phaseCurrentA/B >= overCurrentLimit
Only if enableOverCurrentDetect is on

7

RegHDL2: Recovery mode from over curre.

Once in OverCurrentError, the system

should be able to recover from this error

(Over Current Protector shall not error in

My A
RegFIDL3: Over Current Protector shall n..0
presence of noise

Establish traceability between

architecture & design and textual requirements

Define interface behaviors using

Sequence Diagrams (SD)

Internal Block Diagrams (IBD)

Enable_Current_Control hoolean I
Enable_Inverter_In hoolean i
Enable_Inverter_Cut hoolean ":,}
~ & Encoder
] nising{Enable_Inverter_In-1) o
Encoder_Index_Found boolean Endble Inverter In 7 Enable_Inverter In
Encoder_Count ot 6
- rising(Phase_CurrentsA-10.45) N
Encoderiiiss Phase_CurrentsA “Phase_CurrentsA
. . . . . 0.04sec =1 =0.06sec
| Define and visualize interfaces using eina(State Out o) \
Status_out ‘| Status_Out

falling(InverterOut-1)

werterOut InverterQut



Validate Systems by Re-Using Requirements Models

N P:] Model Verification and Validation
N |_‘_=l Over Current Detection 2 &

il

Test Error Mode phase A @

Test Error Mode phase B @

naing{Enable_Inverter_In-1)

!nable_lnve rter_In

@

rising(Phase_CurrentsA-10.45)

FPhase CurrenisA

Status_out

@

F falling({lnverterCut-1)
nverterCut

Enable_Inverter_In

Phase CurrenisA

@

rising(Status_Out.ermor-1)

C%n.ufisec <t <0.06sec

Status_Out

InverterOut
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Validate System Behavior and Robustness with Fault Injection

¥ [ ] Model Verification and Validation
> [ Over Current Detection 2 &
=] Test Error Mode phase A @
=] Test Error Mode phase B @
v |71 Radiation Injection 1 @

E] Test Error Normal Current incl Fault Behavior &

Non-intrusive way
to define and inject
faults

4\ MathWorks

>

Phase_Cu...A_fault

|
|
P——_
(> Phase_CurrentsA |
R
|

|

Phase_CurrentsA D) yAY

:\i> Phase_CurrentsB

Detecs_Owms_Curmet_trmoe =

G odi 5 b D OM = & +s 8 o @

Cuent Deteciorsch,vanan. [ Over Curtent Detector » 8y Over CurrentDetector ¥ (3 Oetct Over Gorment Eror ¥ e I

Reterenced fies o

FEOREeERHSEB PO /700 B9 =

Detect Over Current Error

- Tost Error Nommal CurtentinclF...

Test Error Normal Current incl Fault Beh...  F&woe

i !

» Fauts

LT

Aschive

Fault Inport

sl

White Noise

Analyze impact of
faults using simulation

Fault Outport
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Generate HDL code from System Architecture incl Detailed Models

= a

FOC Velacity Encoder * - Simulink prerelease use
SIMULATION DEBU! MODELING FORMAT APPS HDLCODE X
ey =
4 @ © Code for =) |=] @] Navigate to Code <
Generic Workflow | HDL Property | HDL Code Settings FOC_Velocity_Encader | ¥| Generate View 5 Open Report Share
HDLCode v | Advisor | Inspector v | Advisor - HDL Code Code ~
QUTPUT ASSISTANCE MODELING ‘GENERATE CODE DEPLOY REVIEW RESULTS VERIFY SHARE
FOC_velocity_Encoder 7 | HDLCode ® x

[E]FOC_ Velocity_Encoder b v| & FOC_Velocity W Q, Search

Over_Current_Detector_arch

Interfaces in-sync m‘ I e Validate architecture and
design before deployment

Referenced Files

243 3

. . .
245 - Block requirements for Over_current_Detector_arch
WL ., 8 —- 1. ReaHDL2 Recovery mode from over current error

-~ 2. RegHDL1 Detect over current error

-~ 3. RegHDL3 Over Current Protector shall not error in presence of noise

u_over_current_Detector_arch : Over_current_bDetector_arch_variant
PORT MAP( clk => clk,
reset => reset,

=] b S [ bintia 28
enb_1_26@8 @ => enb_1_209@ 8,
Phase_currentsa =» ADC_Count_to_current_arch_phase_currentsa, -- sfixis_Enil
st e i el o ase_currentss =»> ADC_count_ta_Current_arch_Phase_currentsB, -- sfixis_Enil
] nable_Inverter_In =» Enable Tnwerter_In_Inport 3,
— S . e 255 paranovercurrentburation => param
= T " - T 257 paramovercurrentLimit => paramove Code Generation Report = a
1 258 Status_out_error => Over_current_|
et e 25 5 < @  Find: 4+ W Match Case
u_Invertercontrolarch : Invertercontrolarch
PORT MAP( clk => clk, Current model: FOC_Velocity_Encoder ¥
reset =» reset,
enb_1_26@8 8 =» enb_1_209@ 9, . .
status out_error  ower_arrent 4 | CONtENt Generic Resource Report for FOC Velocity Encoder
Enable_tnverter_In =» Enable_Inve Sun‘”“ﬁry — —
fl‘w\'er‘ter‘ﬂut =» Invertercontrelarc! 1 wﬁrl]iﬂgs, T MESSﬂgES
" . ) ) ) Clock Summary Summary
u_encoder_to_position_and_velocity_arch : enc h
N Code Interface Report
PORT MAP( clk =» clk,
reset =» reset, Traceability Report :
I~ enb_1_26e8 1 =» enb_1_209@ 1, Optimizati Mulnphers 12
| _ | ‘ . ptimization - General ; -
e Pt B} e Pt e ot B S L enb, 3 Adders/Subtractors 9
| } & BN } 275 _1_2028_0 = enb_1_2000_2, Delay Balancing Resi 20385
- . . egisters
I . — : e menee 2 2] | Hirarchy Flattening :
i " = A _Ri H 7
e e |'*' pten e S i CAE=0 278 encoder_encoder_offset => Encoder Code Reuse Total 1-Bit Registers 236071
-5} - hd1src\FOC_Velocity_Encoder\FOC_Velocity_Encoder.vhd Optimization - Area RAMs 0
» Property Inspector  HDL Code Streaming and Sharing Multiplexers 227
Interfaces Optimization - Timing 'O Bits 265
Readly 60% Clock Rate Pipelining Static Shift operators 0
Adaptive Pipelining Dynamic Shift operators 0
Distributed Pipelining
Optimization - /O
i ] Frame to Sample Detailed Report
Timing and Area Report
High-level Resource Report
Generate traceable/ - i
oK Help

readable RTL code

11
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Re-use System Architecture and Design Models for RTL Verification
& Validation

Variants to select
Model-in-the-Loop or

RTL-in-the-Loop

Over_Current_Deteciu.

Enable_Inverter_In

EXCeI flle %3 Enahle_lnverrar_“ln
(input) '

t Phase_CurmentsA

[ Phase_CurrentsB
Phase_CurrenisB

Status_out b

r

) compare: almostError - [FOC_Veloc... — O * [

SCOPE MEASUREMENTS L] S || ST

Ccosim

ADC_Count_io_Current_arch ] [ Over_Current_Detector_arch ] [ InverterControlArch
rising(Enable_Inverter_In-1
[Enable_Inverter_In Enable_Inverter_In

rising(InverterOut-1)

InverterOut InverterQut

tising(Phase_CurrentsA)
Phase_CurrentsA Phase_CurrentsA

Loop

rising(Phase_CurrentsA-10.45)
Phase_CurrentsA Phase_CurrentsA

rising(Status_Out.aimostError-1)

Status_out Stajus_Out i
@
faling{Phase_CurrentsA-10.45)
Phase_CurrenisA - - Phase_CurrenisA ®‘ = 004cec
falling(Status_Out almostError-1) 1
Status_out Stajus_Out

Phase_Currentss

I
-

16'h0000 | 4CEF

1.0
| 5394

750120 ns
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Integration with other IPs or Software Components

IntegrationFPGAmadel - Simulink prerelease use

& & [ Enable HDL DUT output port generation for test points

SIMULATION DEBUG MODELING FORMAT APPS HDLCODE X
ey =
CE) @ @ D Code for = M
IP Core Workflow | HDL Property | HDL Code Settings  Target ‘FPGASuhsystem I ‘l Generate Build View Open Report Host Interface
= Advisor Inspector ~ Advisor hd Interface IP Core Bitstream « | Code Seript «
QUTPUT ASSISTANCE MODELING PREFARE GENERATE CODE DEPLOY REVIEW RESULTS VERIFY
g | <@ TntegmtienFPGAmadal
ic
§ | ® |[FalintegrationFPGAmodel »
B
2
& “ boalean
(| 18 . ADC_Phasa_Curmenté, P IrvewterOu
IP_ADC_Phase_CurrentA
=
e
=] - IF_ADC_Phase CurrentB 1P_PWMA_Compars puint15
IP ADC Phasa Curmants
uint15
Direct int ti ith FPGA T
. . uint16
architecture and deS|gn e
sfix16_En12
AX|_Electrical |
D, AX)_Enable_lnvertsr_in
AX|_Enable_Inverter_In
stix16_En12
afix16_En1 (3) AX_Rotor_f
7 (AXI_Phase_Voliage_ Command
El
|_Phasa_Voltage_Command
e
|!_E| (& ;m‘m | AXI_Enable_Cusent_Control AXI_ Ratar. paxie Enf
. : L I_ Rotar_velccly
p:r%ﬁmlajurrem,cwm\
»
IP Core - Integra tionFPGAmodel/
FPGASubsystem
General Clocking and Bxecution Interface Settings Interface Mapping

Q

Solver
Data Import/Export
Math and Data Types
» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target
» Code Generation
Coverage
¥ HDL Code Generation
Target
Optimization
Floating Point
Global Settings
Report
Test Bench
EDA Tool Scripts

@ Configuration Parameters: |ntegrationFPGAmodel/Configuration (Active)

Project Folder:

- a
S oo e @

reference design

Tool and Device Settings

Target Platform:
Synthesis Tool:
Tool Path:
Family:
Package:

Reference Design LRI FAR T RS ET]

Reference Desig

Reference desig

Browse...

Trenz TEQS20 with CR00140

Generic Platform

Generic Xilinx Platform

Generic Xilinx Platform for SoC Blockset
Intel Arria 10 GX FPGA Development Kit
Intel Arria 10 SoC development kit
Microchip PolarFire SoC lcicle Kit
PicoZed FMC-HDMI-CAM

Kilinx Artix-7 35T Arty development board

Xilinx Kintex-7 KC705 development board

Xilinx Versal Al Core Series VCK190 Evaluation Kit

Xilinx Virtex-7 VC70T development board

Xilinx Zynq UltraScale+ MPSoC ZCU102 Evaluation Kit
Xilinx Zynq UltraScale+ MPSoC ZCU106 Evaluation Kit
Xilinx Zyng UltraScale+ RFSoC DFE ZCUGT0 Evaluation Kit

-
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Choose target platform and

Refresh

smatch:

Source Port Type Data Type erface Interface Mapping

TP_ADC_Phase_CurrentA Inport uint16 TP_ADC_PhaseCurrentA [0:15]
IP_ADC_Phase_CurrentB Inport uint16 IP_ADC_PhaseCurrentB [0:15] M H f AX I |
IP_Encoder_Index_Found Inport boolean IP_ENC_TIndexFound ap I n t e r a.C eS t O O r eX t e r n a
IP_Encoder_Count Inport uint16 IP_ENC_Count [0:15]
AXI_Encoder_Offset Inport sfix16_En12 AXI4-Lite 1 t f Options
AXI_Enable_Inverter_In Inport boolean AXI4-Lite I n e r aC e S Options
AXI_Phase_\Voltage Command Inport sfix16_Enl1 (3) AXI4-Lite Options
AXI_Enable_Current_Control Inport boolean AxI4-Lite x"118" QOptions
AXI_Current_Command Tnport sfix16_Enil AXI4-Lite x"10C" Options
IP Core - IntegrationFPGAmod Diagnostic Viewer

Ready 99% FixedStepDiscrete

13
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Continuous Integration for Model-Based Design

facts, Test
X, pite RESU&
&0 s ¢4
O )
pe)
& ‘ A
Qf#"’ b
Continuous
v Integration A
% Ny
4
5 )
Developers & : Version :
Test Authors Control Verity >

Continuous Integration: CI/CD Automation for Model-Based Design (support package)

CI/CD Automation for Simulink Check (reference book) 14



https://www.mathworks.com/products/ci-cd-automation.html
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/hardware-support/files/ci-cd-automation-simulink-check-reference-book.pdf

Concluding remark

&)+ P8 > oo
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Architecture Design

The main FPGA challenge lies in architecture, often informal and overlooked. A
tool is needed to generate RTL directly from the architecture + designin a
single model, making it the single source of truth.

- Adam Taylor, Adiuvo
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