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Introduction

Me and MPSI Technologies

* Diplomain Electrical Engineering

e Based in Munich

algorithms for free-space optical laser communications)

* R&D Engineer at Mynaric (FPGA-based error-correction myn a ric

* Founder and Director at MPSI Technologies

10
* MPSI Technologies: make Embedded Software development Jo I M P S I

more fun by replacing repetitive tasks by model-based source 10 TECHNOLOGIES
code generation
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FPGA-SoC landscape

Devices and applications

Product lines Typical applications

Selection discussed here: CPU complex can run Embedded Linux * classical FPGA applications where additional

AMDZN - high-level control is of advantage

XILINX £YNQ s et R

«  from 2011: Zynq 7000 with Dual 32-bit ARM CPU and SRAM- ata reduction™ or pre-processing ot high-
based FPGA, internally connected via AXI bandwidth sources

e from2016: Zyng|UltraScale+ with Quad|64-bit ARMICPU and = | = cameras: binning, pixellevel filters, =
additional real-time cores / accelerators compression, featuireiand object detection

* ADC'’s: spectral analysis, DSP filters

Intel . * clock-precise signaling for mixed-signal ASIC’s

* from 2012: CycloneV with Dual 32-bit ARM CPU
¢ from 2016: Stratix 10 with Quad 64-bit ARM CPU * not considered here: data center and hardware

. acceleration applications
Q\MicrocHr 8. B) RISC

Microsemi Froduct Portfolia

e from 2019: PolarFire SoC with Quad 64-bit RISC-V CPU and
antifuse-based FPGA
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The FPGA-SoC software full stack

From VHDL to C++ to HTTPS and XML

T cescrappe Ly SGADA
. . . . HTML
Microchip PolarFire SoC Block Diagram o R
API library ’;‘m m
Deterministic, Coherent CPU Cluster EXTERNAL web-based Ul
( ' "'““““"'““‘“"““‘E@ ---------- -‘
Performance / Event
Counters OPC UA server
vpoey R4 R4 ' :E'} Webisenos DDS publisher
RISC RISC
. RVBAIMAC *Inatnucion Thace EMBEDDED XML preferences file
: i SYSTEM Wl
I l multi-threaded main executable Bl - "“/'7
L2 Memory Subsy —_— Coherent Switch becno Susos =
| l T WhizniumSBE MariaDB
DDRAALPDOR4 Controfier W e Ty L domain : database
| ' | o .
DDRIO PHY WhizniumDBE v
Low Power T domain device access library
PolarFire” FPGA
MEGHIN GRS RS AXI/PCle / SPI/ UART S
PL
FPGA-based systems .
DEVICE uC-based systems VHDL and C state machines
LEVEL
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Demo project: hardware
Tabletop 3D laser scanner

turntable with with stepper motor control

5 megapixel camera with MIPI CSl interface

two intensity-modulated line lasers

Microchip PolarFire SoC Icicle kit with
adapter PCB
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Demo project: software

From camera raw data to point cloud display in web browser

HMI/ HTTPS
optionally powered by

¥ Vue.js

Web-browser

CLOUD / INTERNET DOoM

HTML/XML/JS
store (HMI)

XML
preferences

(operation engine
server thread)

(operation engine
client threads)

EMBEDDED SYSTEM

WhizniumSBE 4
domain A

WhizniumDBE ¥
domain v

serial command
execution

int’::ee controllers
FPGA-SoC

DEVICE LEVEL

C++ device access library (easy)

M2M / HTTPS
Windows/.NET MacOS
C++/CLI acc. app SwiftUl acc. app
DOM  statem. DOM | state m. M2M / DDS
C++ APl library Swift API library powered by
N Connext™ DDS
Linux JVM f t' Software
C++ accessor app Java accessor app
DOM | state m. DOM | state m.
e.g. UXV
C++ APl library Java AP library

T E= oos ==

session management and HMI/M2M control jobs
application server

job processor

> command prompt threads

main/combined engine

operation processor
threads

hardware control jobs

command queue

C++ device access library (full)

continuous
polling

controllers @ %81 @
[}

FPGA

M2M/OPC UA

powered by

@ Matrikon'| <
lloT, e.g. SCADA

FS managed file archive

@ . temporary file store

database (MariaDB,
C++ database
access library @ & '\S’gfl% PostgreSQL,

to Whiznium engine

monitoring monitoring

mixed generated/manual code

root@icicle-kit-es:~/whiznium/bin/wzskcmbd#
Welcome to Whiznium StarterKit v1.0.5!
starting 4 job processor threads

starting 1 operation processor threads
success

starting application server
starting OPC UA server ...
Initialization complete.

success

Wzskcmbd >> showJobs
+ RootWzsk (1)

- JobWzskSrcV412/SRV (2)
JobWzskSrcSysinfo/SRV (3)
JobWzskSrcFpga/SRV (4)
JobWzskIprTrace/SRV (5)

- JobWzskActLaser/CLI

- JobWzskSrcV412/CLI
JobWzskIprCorner/SRV (8)

- JobWzskSrcv412/CLI
JobWzskIprAngle/SRV (10)

. /Wzskcmbd

{19255, 19256, 19257, 19258} success
{19259} success

(6)
(7

(9)

- JobWzskIprCorner/CLI (11)

JobWzskActServo/SRV (12)
JobWzskActLaser/SRV (13)
JobWzskActExposure/SRV (14)

- JobWzskSrcv412/CLI

JobWzskAcqPtcloud/SRV (16)

- JobWzskIprTrace/CLI

- JobWzskActServo/CLI

JobWzskAcqPreview/SRV (19)
- JobWzskSrcv412/CLI
JobWzskAcqFpgapvw/SRV (21)
- JobWzskSrcFpga/CLI
JobWzskAcqFpgaflg/SRV (23)
- JobWzskSrcFpga/CLI
M2msessWzsk (25)

- JobWzskSrcSysinfo/C
JobWzskIprTrace/CLI
JobWzskIprCorner/CL
JobWzskActServo/CLI
JobWzskActExposure/
JobWzskActLaser/CLI
JobWzskAcgPtcloud/C
JobWzskAcqPreview/C

Wzskcmbd >>

embed

(15)

(17)
(18)

(20)
(22)
(24)

LI (26)
(27)

I (28)
(29)
CLI (30)
(31)
LI (32)
LI (33)
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Demo project: software

From camera raw data to point cloud display in web browser

M2M / HTTPS
Windows/.NET MacOS
C++/CLI acc. app SwiftUl ace. app
HMI/ HTTPS DOM | state m. DOM_Jjstate m. M2M/DDS M2M / OPC UA
optionally powered by Ci++ APl library Swift API library powered by powered by
i Connext™ DDS o
. Vue.js Linux JUM b sorvare @ Matrikon'| <
C++ accessor app Java accessor app
Web-browser DOM | state m. DOM | state m.
DOM e.g. UXV lloT, e.g. SCADA
CLOUD / INTERNET C++ APl library Java AP library
e == — 0. T 0" UASE
HTMLXMLAS T T SO TOTTO0S -
store (HMI) 1
XML application server managed file archive
preferences thread
(operation engine C++ executable job processor . temporary file store
server thread) > command prompt - main/combined engine threads porey
s’ cporaon processr | WO ok @ e Vs,
EMBEDDED SYSTEM threads access library ¥ o éLite)' d

- A to Whiznium engine
monitoring monitoring

WhizniumSBE 4

hardware control jobs

domain A

command queue
WhizniumDBE ¥ (non-blocking)
domain v C++ device access library (easy) C++ device access library (full)

ial command

continuous
poll

host host L}
e controllers controllers PCB1
DEVICE LEVEL FPGA-S0C FPGA -

mixed generated/manual code

_ | Calibration

preview mode

auto-exposure [

exposure time [ms]

focus (near -> far) ——————— |-
object affiliation [Mid-IR array detector

Store snapshot

Turntable

Turn counter-clockwise Turn cloc

Laser orientation

minimum ‘on’-'off' difference |9

show auidelines ]
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_ | 3D Reconstruction

Shot acquisition

angle increment [°] —|}

state [idle

object affiliation [Nescafe cup

Start Interrupt




Demo project: software

From camera raw data to point cloud display in web browser

M2M / HTTPS
. e0e Whiznium StarterKit Java Viewer

Windows/.NET MacOS File

C++/CLI acc. app SwiftUl acc. app
HMI / HTTPS DOM  state m. DOM | state m. M2M/ DDS M2M/ OPC UA Camera Acquisition results
optionally powered by C++ APl library Swift API library powered by powered by Preview mode 4x4 pixel binning grayscale [ Object groups Workpieces B

i Connext™ DDS " i Object

VY vuejs Linux JVM b sorware @ Matrikor'| FLEX s

C++ accessor app Java accessor app

Web-browser DOM | state m. DOM | state m.
DOM

CLOUD / INTERNET

lloT, e.g. SCADA

[shot |
HTNslzi(eN;h/'j?) @ session management and HMI/M2M control jobs Shots
XML Ia application server managed file archive
preferences thread
(operation engine C++ executable job processor . temporary file store
server thread) > command prompt - main/combined engine threads porey
(operation engine operation processor database (MariaDB, Files | F —
EMBEDDED SYSTEM _ cienttreads) P rescs T @ @ wysaL rosigesa e ——
SQLite) Play Stop
WhizniumSBE 5 hardware control jobs monitoring 3, to Whiznium engine
domain A monitoring
command queue
WhizniumDBE ¥ (non-blocking)
lomain ++ device access library (easy) ++ device access library ownloa
d v Ci++ dey librar C++d library (ful Download

ial command

connected to 192.168.178.25:13100
poll

i
:
;

automated code generation

DEVICE LEVEL FPGA-SoC FPGA o
PCB2 PCB3 mixed generated/manual code

host host ]
interface controllers corvtrollers PCB1 E
[} ;
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Demo project: software

From camera

raw data to point cloud display in web browser

HMI/ HTTPS
optionally powered by

WV Vuejs

Web-browser
CLOUD / INTERNET DOoM
HTMU/XML/JS
store (HMI)

XML
preferences

(operation engine
server thread)

(operation engine
client threads)

EMBEDDED SYSTEM

WhizniumSBE 4
domain A

WhizniumDBE ¥
domain v

serial command
execution

= A

host
interface
FPGA-SoC

DEVICE LEVEL

C++ device access library (easy)

controllers

M2M / HTTPS

Windows/.NET MacOS
C++/CLl acc. app SwiftUl acc. app

DOM | state m. DOM g statem. M2M/ DDS M2M / OPC UA

C++ APl library Swift API library powered by powered by

Connext™ DDS o
Linux JVM [ { Jrsciisy @ Matrikon'| <

C++ accessor app Java accessor app

DOM | state m. DOM | state m.

lloT, e.g. SCADA

T

e.g. UXV
E Hes == 005 =

session management and HMI/M2M control jobs

Java AP library

application server
thread

ﬁ . managed file archive
H . temporary file store

C++ executable job processor

> command prompt

main/combined engine threads
operation processor C++ database @ database (MariaDB,
threads i MySQL, PostgreSQL,
access library N saLite)
. - to Whiznium engine
hardware control jobs monitoring monitoring
command queue
C++ device access library (full)
continuous
polling
host L}
[y controllers § PCB1 g
automated code generation
FPGA - - <]
PCB2 PCB3 mixed generated/manual code

File View Server Document

leBBO + =

[ Unified Automation UaExpert - The OPC Unified Architecture Client - mpsi®

Settings  Help

XSl rm

01/03/2021 12:

. DA Plugin

Project B X DataAccess View © |ttributes
v [ Project # Server Node Id Display Name Value | <2 L @
v [ Servers 1 Whiznium Start.. NST|Numeric|78  angle 52.3021 Attribute
(b Whiznium StarterKit v Nodeld
v [3 Documents N
. lamespace
3 Data Access View IdentifierTy
Identifier
NodeClass
BrowseName
X
addiess Space & DisplayName
3 |No Highlight - =
I Root Q References
v [ Objects P>
2 JobWzskAcqPreview Zaar- L Al
£ JobWazskAcqPtcloud Reference
2 JobWzskActExposure HasTypeDefiniti...
2 JobWzskActLaser
v I JobWzskActServo
v 1) angleTarget
@ angle
@ target S 2
Log
8B
Timestamp Source Server Message
U1/03/2021 125...  lypeCache Whiznium Start... Reading type info ot Nodeld NST|Numeric| /8 succeeded
01/03/2021 12:5... DA Plugin iznium Start... CreateMoni succeeded [ret = Good]

Whiznium Start... Item [NS1|Numeric|78] succeeded : RevisedSamplinglnterval=100, RevisedQueueSize=
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Embedded software model description

WhizniumDBE for FPGA layer, WhizniumSBE for Linux application software

* successive model composition within an SQL database using import (I) and generation (G) steps

* output of source code trees only thereafter WhizniumSBE (Service Builder’s Edition)

* text-based model files (“diffable”) «  Deployment information (1)

* Global features (l)
* Database structure (I)

WhizniumDBE (Device Builder’s Edition) * Basicuser interface structure ()
* Import/export structure (l)

*  Modular structure (1) »  Operation pack structure (1)

« Command set and buffer transfers (1) «  Custom jobs (1)

* Data flows and algorithms (l) e Userinterface (G)

* Fine structure (G) «  Custom user interface features (l)

e Custom fine structure (l) . Job tree (G)

 Finalization (G) «  Custom job tree features (l)

*  Finalization (G)
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Deep dive |: from C++ command to RTL finite state machine

Control of turntable stepper motor

* module definition, command definition, fine structure

A Model-based Approach to Mastering Complexity in FPGA-SoC Software Development : E f} embedded world Conference 2022



Deep dive |: from C++ command to RTL finite state machine

Control of turntable stepper motor

lexWdbeMdl v1.1.14

ImelMUnit srefSilRefWdbeMUnit sref Title Easy srefKToolch  Comment
fpga mpfs250t-fevgd84 iccl Microchip PolarFire Soc Icicle kit true libero
ImelMModule.sreflxVB:z hsrefSupRefWdt srefTplRefWdbeMModule sref Comment
wrp mpfs_ip_AXI_vl 0 iccl_ip_AXI
top iccl_ip_AXI top_mchp_v1 0 top
ImelAMModuleF Val
fExtclk 125000

extresetNNotP true
ImelAMMeodulePar.end
ImelMGeneric.si1 Defval
fMclk 50000
ImelMGeneric.end

ectr iccl_ip_AXl;top step stepper motor control (28BYJ-48 via ULN2003)

ImelMModule.end
ImelMUnit.end
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Deep dive |: from C++ command to RTL finite state machine

Control of turntable stepper motor

lexWdbeCsx v1.1.9
ImelMUnit.sref

iccl
ImelMModule.hsrefSup sref
iccl_ip_AXI;top step
ImelMController.
A
ImelMVector2.sreflxVBase sref srefsKOption
tixlin VecVWskdlcclStepState filfed;notit
ImelMVectoritem2.sref Title Comment
idle
move

ImelMVectoritem2.end
ImelMVector2.end

ImelMCommand2.refNum sref sreflxVRettype sreflvrRefWd srefRvrRef srefRerR( Comment
0 moveto void
ImelAMCommandinvpar2.sref sreflxWdbeVPartype srefRefWdbe Length Defval srefRefWdbe Comment
angle uintl6 0 in stepper motor steps (4096 per rev.)
Tstep uint8 150 in tkelk clocks: rps = 10000 / (Tstep * 64 * 64)

ImelAMCommandinvpar2.end

ImelMCommand2.end
ImelMController.end
ImelMModule.end
ImelMUnit.end
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Deep dive |: from C++ command to RTL finite state machine

Control of turntable stepper motor

lexWdbeFin v1.1.9
ImelMUnit.sref

iccl
ImelMModule.hsrefSup sref
iccl_ip_AXI;top step
ImelMProcess.sref clkSrefWdbel asrSrefWdbeMS Falling Syncrst Extip Comment
op mclk reset false state(init) or (sta false main operation
ImelMFsm.
A

ImelMFsmstate sref Extip Comment

0 init false
ImelAMFsm:¢ Cond1 Ipl Cond2 Ip2 Cond3 Ip3 Cond4 Ip4
inv reglnvMoveto moveto
inv reglnvSet set
inv reglnvZero zero
ready else
ImelAMFsmstateStep.end

0 ready false
ImelAMFsm¢ Cond1 Ipl Cond2 Ip2 Cond3 Ip3 Cond4 Ip4
runB Tstep/=0 not targetNotSteady and rng steady
runB Tstep/=0 targetNotSteady and not atTarget target
ready Tstep/=0 else hold

ImelAMFsmstateStep.end

ImelMFsmstate.end
ImelMFsm.end
ImelMProcess.end
ImelMModule.end
ImelMUnit.end
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Deep dive |: from C++ command to RTL finite state machine

Control of turntable stepper motor

* module definition, command definition, fine structure

* Linux side developer-facing: executable APl method

1
1
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Deep dive |: from C++ command to RTL finite state machine

Control of turntable stepper motor

module definitj®

Linux side deve

EXPLORER

v WSKD
> _mdl
> s
v ezdevwskd
> UntWskdArty
v UntWskdlccl

G

OO OO NONONONON N

CtrWskdlcclCamacq.cpp
CtrWskdlcclCamacq.h

+ CtrWskdlcclCamif.cpp

CtrWskdIcclCamif.h

+ CtrWskdlcclFeatdet.cpp

CtrWskdlcclFeatdet.h

+ CtrWskdlcclLaser.cpp

CtrWskdlcclLaser.h

+ CtrWskdlcclState.cpp

CtrWskdlcclState.h

+ CtrWskdlcclStep.cpp

CtrWskdlcclStep.h

+ CtrWskdlcclTkeclksre.cpp

CtrWskdlcclTkclksre.h

+ UntWskdlccl_vecs.cpp

UntWskdlccl_vecs.h

+ UntWskdlccl.cpp

UntWskdlccl.h

> UntWskdMcep
> UntWskdUbdk
C DevWskd.h
C+ Wskd.cpp

C Wskd.h

> fpgawskd

> mcuwskd

CtrWskdlcclStep.h — wskd

C CtrWskdicclStep.h 2 @ M
BB UG ezdevwskd C Ctr
1 /=
2 = \file CtrWskdIcclStep.h
3 = step controller (declarations)
4 * \copyright (C) 2016-2020 MPSI Technologies GmbH
5 = \author Alexander Wirthmueller (auto-generation)
6 = \date created: 23 Oct 2021
7 */
8 // IP header —-- ABOVE [l
9
10 #ifndef CTRWSKDICCLSTEP_H
11 #define CTRWSKDICCLSTEP_H
12
13 #include "Wskd.h"
14
15 #define CmdWskdIcclStepGetInfo CtriWskdIcclStep::CmdGetInfo
16
17 #define VecWskdIcclStepCommand CtriWskdIc tep: :VecVCommand
18 #define VecWskdIcclStepState CtriWskd ecVState —
19
20 /=
21 * CtriskdIcclStep
22 =/
23 class CtriskdIcc : public Ctriwskd {
= 25 7
26
27 public:
28 /e
29
3e static Dbecore::Cmd* getNew(mdGetInfo();
31 void getInfo( & tixVState, uint16_t& angle);
32
33 static Dbecore::Cmd# getNewCmdMoveto();
34 void moveto(const ui angle, const uint8_t Tstep);
35
36 static Dbecore::Cmd% getNewCmdSet();
37 void set(const bool rng, const bool ccwNotCw, const uint8_t Tstep);
38
39 static Dbecore::(md* getNewCmdZero();

void zero();
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Deep dive |: from C++ command to RTL finite state machine

Control of turntable stepper motor

* module definition, command definition, fine structure
* Linux side developer-facing: executable APl method
* Linux side in background: translation into byte code and invocation of character device driver (AXI)

* FPGA side in background: reception and decoding of byte code in “host interface” module, CRC
evaluation

* FPGA side developer-facing: handshake signals

A Model-based Approach to Mastering Complexity in FPGA-SoC Software Development embedded world Conference 2022



Deep dive |: from C++ command to RTL finite state machine

Control of turntable stepper motor

* module definition,

>
>

* Linux side develop

* Linux side in backg

N OO Vv vy

EXPLORER

~ WSKD

md|
rls

v ezdevwskd

UntWskdArty
UntWskdlccl
UntWskdMcep
UntWskdUbdk
DevWskd.h
Wskd.cpp
Wskd.h

* FPGA side in backgj - ==

>

evaluation

* FPGA side develop

arty

v iccl

> support
Add_v1_0.vhd
Axirx_v2_0.vhd
Axitx_v2_0.vhd
Bcdfreq_v1_0.vhd
Camacq.vhd
Camif.vhd
Crc8005_32_v1_O.vhd
Debounce_v1_0.vhd
Featdet.vhd
Hostif.vhd
12c.vhd
Iecl_ip_v1_0_S_AXlLvhd
Iecl.pde
lccl.vhd
Laservhd
Mult_v1_0.vhd
Rgbled4.vhd
Rgbled5.vhd
Spimaster_v1_0.vhd
State.vhd

Sub_v1_0.vhd

Step.vhd — wskd

C CtrWskdlcclStep.h 2 Step.vhd X

vskd > iccl Step.vhd

— file Step.vhd
— Step easy model controller implementation

— copyright: (C) 2016-2020 MPSI Technologies GabH
— author: Catherine Johnson (auto-generation)

— date created: 1 Dec 2020

— IP header - ABOVE

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

use work.Dbecore.all;
use work.Iccl.all;

entity ¢
generic

L range 1 to 1000000 := 50008 — in kHz

tkclk: in

tor(7 downto @);
15 downto 8);

getInfoTixVState: out
getInfoAngle: out s

reqInwoveto: in
ackInvMoveto: out

or(15 downto 8);
or (7 downto 8);

movetoAngle: in s
movetoTstep: in s

reqInvSet: in
ackInvSet: out s

(7 downto 8);
7 downto 8);
(7 downto 8);

setRng: in
setCauotC
setTstep: in st

reqInvZero: in st
ackInvZero: out s

stepl: out

stepd: out

stateOp_dbg: out st
)i
end Step;

architecture Step of Step is

er device driver (AXI)

ace” module, CRC
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Deep dive |: from C++ command to RTL finite state machine

Control of turntable stepper motor

* module definition, command definition, fine structure
* Linux side developer-facing: executable APl method
* Linux side in background: translation into byte code and invocation of character device driver (AXI)

* FPGA side in background: reception and decoding of byte code in “host interface” module, CRC
evaluation

* FPGA side developer-facing: handshake signals

* FPGA side left for manual implementation: finite state machine reacting to command invocation

A Model-based Approach to Mastering Complexity in FPGA-SoC Software Development embedded world Conference 2022



Deep dive |: from C++ command to RTL finite state machine

Control of turntable stepper motor

o060 Step.vhd — wskd

EXPLORER C CtrWskdicclStep.h 2 Step.vhd X m
v WSKD
> _mdi
> s
v ezdevwskd
> UntWskdArty
> UntWskdiccl
> UntWskdMcep
> UntWskdUbdk

* Linux side in backgr

* module definition, c

if reqInvMoveto=
-- TP impl.op. in:
targetNotSteady

- deternine shortest path
target aned(movetongle) ) ;
dangle

* Linux side developer

_i (uns
target - angle;

atTarget := (dAngle = 0);

i wracter device driver (AXI)

G+ Wskd.c|
PP Angle - 4096; —— will become negative
C Wskd.h 1= true;
v fpgawskd elsif dAngle < -2047 then
. . - ~--dAngle dAngle + 4096; -- will become positive ”
* FPGA side in backgr iterface” module, CRC
v icel elsif dAngle > @ then ,
cowNotCw := false;
> support else
evaluatlon Add_v1.0vhd colottu i= true;
Axirx.v2_Ovhd Ml
Axitx_v2_0.vhd
Bedfreq_v1_O.vhd Tstep := t ned(movetoTstep));

ackInwoveto_sig <
-- IP impl.op.init

* FPGA side developer

Camif.vhd
Crc8005_32_v1_Ovhd
Debounce_v1_0vhd

.moveto

TEND

stateOp <= stateOpInv;

. > elsif reqInvSe then . .
° F PG d | ft f Featdetvhd > elsif reqInvZero='1' then d t
A side left for m Hosttuhd o e O cOmmMmana invocation
end if;
12c.vhd
lccl_ip.v1.0_S_AXl.vhd elsif stateOp=stateOpReady then
it Tstep/=0 then
lecl.pde if not targetNotSteady and rng then
leclyvhd 1= 0; — IP impl.op.ready.steady — ILINE
Easeivhd State0p <= stateOpRunB;
Multv1_Ovhd
elsif targetNotSteady and not atTarget then
Rgbled4vhd 0; — IP impl.op.ready.target — ILINE
Rgbled5.vhd
Spimaster.v1_Ovhd StateOp <= state0pRun;
Statevhd else
- 1P inpl.op. ready.hold —— IBEGIN
Stepvhd
stepl_sig 0';
Sub_v1.0vhd step2_sig <= '0';
Timeout v1_0.vhd 5:“’3-519 §j¢
stepd_sig ;
Tkelksre.vhd ~- IP impl.op.ready.hold —— IEND
Topvhd
statep <= stateOpReady;
> mcep end if;
> mcuwskd end if;
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Deep dive lI: camera preview images on the move

FPGA-based binning, processing in C++ code and forwarding to the Ul

» pixels arrive over four-lane MIPI CSI at 576 Mbps per lane and get deserialized into a 10-bit RAW10
data stream at about 20fps

e four preview modes (2560 x 1280 to 160 x 120 RGB vs. 2048 x 1536 to 256 x 192 grayscale), manual
implementation using finite state machines and 2/4kB buffers

* "buffer transfers” are besides “commands” the second functionality which can be generated for the
host interface

* polling in separate thread on host, insertion into ”job tree” via “call”
» generation of XML block containing image data, Base64 coded transmission

* reception in web browser via HTTPS/1.1 “long polling”, rendering in HTML5 <canvas/>
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Deep dive lll: meta data and the “lowering” process in Whiznium

From SQL database structure to code and Ul elements to XML/JSON blocks

e all WhizniumSBE applications are backed by a SQLite3 database

* “Database structure”: tables “Object group” (1:N) “Object” (1:N) “Snapshot” and corresponding
”Basic user interface”

1
1
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Deep dive lll: meta data and the “lowering” process in Whiznium

From SQL database structure to code and Ul elements to XML/JSON blocks

000 < (im} 192.168.178.25 ¢ i)

=}
Whiznium StarterKit 0.1.28 (no object group) - Whiznium StarterKit 0.1.28 == it e 3 d a t a b a S e

Whiznium StarterKit Object group

_ | Object groups 0y *= % Y ) uob- ” (1 N) IIS h ” d d
ject” (1: napshot” and corresponding
> ofctis Office tools (none) o220 < i 192.168.178.25 ¢ h| @
> pna Penguins. (icons) Animal
‘Whiznium StarterKit 0.1.28 (icons;anms) Penguins - Whiznium StarterKit 0.1.28 Linux-Tux - Whiznium StarterKit 0.1.28 —+
Whiznium StarterKit Object
. | Objects (1)
Object
_ | Linux-Tux
. name |Linux-Tux i I Shots (0)
object group |(icons;anms) Penguins |E Fi
iles (36
comment - | ( )
*
T
Showing 1to 4 of 4 Go to ... «Oy = |
Object group

(no object group)
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Deep dive lll: meta data and the “lowering” process in Whiznium

From SQL database structure to code and Ul elements to XML/JSON blocks

e all WhizniumSBE applications are backed by a SQLite3 database

* “Database structure”: tables “Object group” (1:N) “Object” (1:N) “Snapshot” and corresponding
”Basic user interface”

n u

* first “lowering” step: multi-locale Ul elements, “queries”, “panels” and “controls”
* second “lowering” step: “blocks” and “dispatches” for engine <-> app communication
* code generation “database access library”

n n

* code generation on engine side: classes for “cards”, “panels” and “"queries” which at runtime
dynamically generate objects responsible for web Ul sessions and react to user input

e code generation app side: HTML and JavaScript
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Conclusion demo project

The model-based approach pays off

* the maze of software
technologies relevant for FPGA-
SoC’s is cleanly covered by a
single, coherent method

HMI/ HTTPS
optionally powered by

WV Vuejs

Web-browser

CLOUD / INTERNET DOoM

HTML/XML/JS
store (HMI)

XML
preferences

(operation engine
server thread)
(operation engine

EMBEDDED SYSTEM . Cient threads)

WhizniumSBE 4

domain A
WhizniumDBE ¥
domain v

M2M / HTTPS

Windows/.NET
C++/CLI acc. app
DOM | state m.

C++ API library
Linux
C++ accessor app
DOM | state m.

MacOS
Swiftul acc. app
DOM | state m. M2M / DDS
Swift API library powered by
Connext™ DDS
M 8 scvare
Java accessor app
DOM | state m.
e.g. UXV

Java API library

session management and HMI/M2M control jobs

> command prompt

application server
thread

C++ executable job processor
main/combined engine threads

operation processor

threads

hardware control jobs

C++ device access library (easy)

serial command
execution

=

host
e

DEVICE LEVEL FPGA-SoC

command queue
(non-blocking)

C++ device access library (full)

continuous
polling

<

1loT, e.g. SCADA

@ . managed file archive
@ . temporary file store

database (MariaDB,
C++ database ’ '
access library @ < ggi?; PostgreSQL,

A to Whiznium engine
monitoring

automated code generation

mixed generated/manual code
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Whiznium concepts

Modularity, transparency and re-usability

*  Whiznium is Open Source; the generated code is subject to no license restrictions

* Whiznium generates well-organized, human-readable source code trees which can be synthesized /
compiled “out-of-the-box”

* manual modifications are enabled through the concept of “insertion points”

e upon source code iteration (e.g. following model extension) manual modifications are carried over to
the next version

* generated code relies on few, well-proven external libraries, all of which are Open Source. Standards
are strictly followed

*  WhizniumDBE features parametrized “module templates”. Besides corresponding VHDL files,
template-specific intervention in the WhizniumDBE master database through C++ code is possible

*  WhizniumSBE features parametrized “capability templates”. Also here, template-specific intervention
in the WhizniumSBE master database through C++ code is possible
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Whiznium tools

Incorporation into existing developer workflows

*  WhizniumSBE and WhizniumDBE are Linux-based "daemons” (and [fun fact] WhizniumSBE projects),
which receive model information and send source code trees via HTTPS

* Java tools WhizniumDBE/SBE Bootstrap offer initialization of WhizniumDBE/SBE with project
information stored in a local folder structure
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Whiznium tools

Incorporation into existing developer workflows

*  WhizniumSBE and WhizniumDBE are Linux-based "daemons” (and [fun fact] WhizniumSBE projects),
which receive model information and send source code trees via HTTPS

[ NON ) WhizniumDBE Bootstrap SR o @ WhizniumSBE Bootstrap - -
e Javatools ar initializa oject
. . Perform tool initialization ... Perform tool initialization ...
informatic e
Locate repository root directory ... Locate repository root directory ...
no directory selected no directory selected
no WhizniumDBE projects found no WhizniumSBE projects found
yotstrap Bootstrap
ready ready
Attempted importing 2 projects: all succeeded. Attempted importing 6 projects: all succeeded.
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Whiznium tools

Incorporation into existing developer workflows

*  WhizniumSBE and WhizniumDBE are Linux-based "daemons” (and [fun fact] WhizniumSBE projects),
which receive model information and send source code trees via HTTPS

* Java tools WhizniumDBE/SBE Bootstrap offer initialization of WhizniumDBE/SBE with project
information stored in a local folder structure

» Javatools WhizniumDBE/SBE lterator help transform local source code trees from the current
version to the next. Here, API calls replace manual Ul clicks
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Whiznium tools

Incorporation into existing developer workflows

e Whiznium/e e

which rece

e Javatools
informatic

e Javatools
version to
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WhizniumDBE Iterator

Connect Disconnect

connected to 192.168.178.22:13105

Projects
HelloWhiznium Device

Whiznium StarterKit Device

current version is v1.0.2

Change project's current version ...
Step version and iterate source code tree ...
Iterate source code tree ...

project selected

Successfully iterated source code tree of project Whiznium St
arterKit Device to version 1.0.2.

based “dace e @

source coc
ar initializa
e

ransform |
nanual Ul |

”» 7 »re ~

WhizniumSBE Iterator

T VRRTATSITS

Connect Disconnect

connected to 192.168.178.22:13106

Projects

HelloWhiznium
WhizniumDBE

WhizniumSBE Engine Monitor
Whiznium License Manager
WhizniumSBE

Whiznium StarterKit

current version is v1.0.3

Change project's current version ...
Step version and iterate source code tree ...
Iterate source code tree ...

project selected

Successfully iterated source code tree of project Whiznium St
arterKit to version 1.0.3.

SBE projects),

‘'oject

urrent
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Whiznium tools

Incorporation into existing developer workflows

*  WhizniumSBE and WhizniumDBE are Linux-based "daemons” (and [fun fact] WhizniumSBE projects),
which receive model information and send source code trees via HTTPS

* Java tools WhizniumDBE/SBE Bootstrap offer initialization of WhizniumDBE/SBE with project
information stored in a local folder structure

» Javatools WhizniumDBE/SBE lterator help transform local source code trees from the current
version to the next. Here, API calls replace manual Ul clicks

*  WhizniumDBE code can be developed using the vendor-provided tools, e.g. Vivado, Quartus, Libero
SoC or Simplicity Studio

*  WhizniumSBE code can be (cross-)compiled using the industry-standard tool chains gcc/Clang.
(Remote-)Debugging can be done using e.g. VS Code

* the Yocto project helps building custom Embedded Linux distributions for each FPGA-SoC platform.
WhizniumSBE projects run on those distributions

A Model-based Approach to Mastering Complexity in FPGA-SoC Software Development embedded world Conference 2022



Resources

both Whiznium tools are available free of charge on GitHub, including installation instructions

https://github.com/mpsitech/The-Whiznium-Documentation

* the Open Source StarterKit ist available for various hardware platforms, with vendor-specific
instructions also available on GitHub

e “The Whiznium Developer Experience” on YouTube is an ongoing Webinar series on Whiznium

» for advanced users WhizniumSBE/DBE cheat sheets are available which serve as reference for writing
model files Whizniu?QDVBECheatShzit T - WhizniumSBE Cheat Sheet

M; he Service Builder’s Edition
For Feature-Rich Embedded Linux Applicatior
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https://github.com/mpsitech/The-Whiznium-Documentation
https://github.com/mpsitech
https://www.youtube.com/playlist?list=PLYrNHebjziwvFniIOJc_9w1Mq561VqArv

Thank Youl!

Don’t hesitate to reach out
aw@mpsitechnologies.com
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