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Ein Computer-Vision Projekt
Unzahlige Moéglichkeiten es umzusetzen
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Ein Computer-Vision Projekt
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Ein Computer-Vision Projekt

Live klassisch

Whiznium StarterKit Live data

_|calibration [0
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https://content.mpsitech.cloud/ese2023/wzsk_Dec2023_classic.mp4

Ein Computer-Vision Projekt

Live klassisch

_| 3D Reconstruction =

preview mode [ 4x4 pixel binning grayscale v

auto-exposure [] > u
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Ein Computer-Vision Projekt

Live modern

<« c © Nicht sicher | https://192.168.178.25:13100/web/index.htm! o P | ’ :
fl 9 "‘ WHIZNIUM STARTERKIT .
Do Live data

Kalibrierung Q o

Uber Whiznium StarterKit ...

Sitzung beenden ®

4x4 Pixel Mittelung Graustufen
Verwaltung v
Betrieb ~

Low-level Zugriff
Livedaten L

Galerie v

Drehteller

GEGEN UHRZEIGERSINN DREHEN IM UHRZEIGERSINN DREHEN

Vollstandiges Video: https://content.mpsitech.cloud/ese2023/wzsk Dec2023 modern.mp4
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https://content.mpsitech.cloud/ese2023/wzsk_Dec2023_modern.mp4

Suche nach Gemeinsamkeiten
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@ Hardware Multiplexing

LinuxHost  Hardware-Abstraktion

& Lauffahigkeit auf verschiedenen Architekturen

Host - Device Schnittstelle Bytecode-Transfer

1:1, Abstraktion von der physischen Schnittstelle
Low-speed Hardware dardoSchnittstel] Standard-Schnittstellen Kamera
@ Standard-Schnittstellen Algorithmen-Implementierung :|1
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3x SPI

MCU, FPGA und Linux Implementierungen

* MCU: Register beschreiben (optional: auf Interrupt warten) 3 |

* FPGA: req/ack Handshake mit SPI Modul

* Linux: spidev ioctl()

shrdat.txbufSpi[@] = ©x@0 | (exeF & (i >»> 6));

case stateOpSetLeft1 shrdat.txbufSpi[1] = 6xFC & (i << 2);
// IP op.setlLeft --- IBEGIN
if (flags.ackLaserToMutexLock == 1) { res = ioctl(shrdat.fdSpi, SPI_IOC_MESSAGE(1), &shrdat.xferSpi);
cs = 6; elsif stateOp=stateOpIdle then if (res < @) throw WzskException(WzskException::SPIDEV, {{"msg","error setting left la
if reqInvSet="1" then
SPIGDAT = 0x00 | ((shrdatHostif.invbuf[IXINVBUF_setl] & 6x -- IP impl.op.idle.prepl --- IBEGIN
uhile (SPIGCN@_SPIF == @) {}; riotl := false;
dummy = SPIG@DAT; txbuf(@) := "08@@" & setL(9 downto 6);
SPIGCN@_SPIF = ©; txbuf(1l) := setL(5 downto 8) & "@8";
SPI@DAT = ((shrdatHostif.invbuf[ IXINVBUF_setl+1] & Ox3F) << spilen <= std_logic_vector(to_unsigned(sizeTxbuf, 17));
while (SPIGCN@_SPIF == 8) {};
bytecnt := 8;
dummy = SPIBDAT; -- IP impl.op.idle.prepL --- IEND
SPIGCN@_SPIF = 0;
stateOp <= stateOpSetC;
cs = 1; end if;

elsif stateOp=stateOpSetA then
if dneSpi="1" then
reqSpi <= '@'; -- IP impl.op.setA.spioff --- ILINE
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Das FPGA-Modell fur die MCU-Implementierung nutzen?

Geht ...

* Request/acknowledge Handshake mit signals (VHDL) wird zu main event loop 3 |
mit #define maskenbasierten Aufrufen (C)

WhizniumDBE
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Das FPGA-Modell fur die MCU-Implementierung nutzen?

* R t/ack ledge Handshake mit Is (VHDL dzum tl
equest/acknowiledge rianasnake mit signais wird zu main event ioo
] File Edit Selection View Go Run Terminal Help Laser.vhd - wskd - Visual Studio Code DS mo - ] X 3 File Edit Selection View Go Run Terminal Help Laser.c - wskd - Visual Studio Code DBomo - o X
L[,j EXPLORER Laservhd X m - @ EXPLO x v &0
v OPEN EDITORS fi zudk hd v OPEN EDITORS
X = Laservhd f ¢ X € Laserc meunskd\ubdk 2
- e * \file Laser.c
« WSKD ROV - signal declarations £  WsKD GERL® . X . .
S A e ; > o Laser easy model controller (implementation)
v fpgawskd B - * \copyright (C) 2019-2028 MPSI Technologies GmbH
> arty i . » i3 * \author Alexander Wirthmueller (auto-generation)
> cgsk ;--- main operation (op) » @] * \date created: 21 Oct 2021
S type s,ﬁteapi. is ( > fpgawskd «
stateOpInit, v mcuwskd 8 // IP header --- ABOVE
> iecl 3 stateOpPrepA, stateOpPrepB, stateOpPrepC, stateOpPrepD, 3 oy o
1 n v ubd =
> meep 84 B .
> mxsv 85 € Chronoc ﬁ ude "Laser.h
> tidk 86 OpSetC, stateOpSetD, stateOpSetE, C chronoh - ‘e IXINVBUF setl o
v zudk :; \ C Dispc 13 efine IXINVBUF_setR 2
I, )5 C Disp.h 14
B SR AL 89 signal stateOp: stateOp_t := stateOpInit; e, Lo sdefine shrdat shrdatlaser
Camif.vhd % c r 1; srane
Cornervhd o1 signal ackInvSet_sig: std_logic; LiostiE 17 /) 1P define.cust - TNSERT
Cre8005_64.vhd 92 signal spilen: std_logic_vector(16 downto 8); [ [craserc 2| .
ST O o3 signal spisend: std_logic_vector(7 downto ); € Laserh Lo RRERE AR AR £ R £ AR
9 T
Fregprobe_v1_0.vhd o4 . C Mutexc 20 | constants and variables
95 -- IP sigs.op.cust --- INSERT C Mutexh P
Fsmtrack_orig.vhd o © 21 /
96 C statec 22
Fsmtrack_plus.vhd 07 :
N -o-omysel ) C stateh 23 xdata struct Shrdatlaser shrdatlaser = {8}; // IP shrdat --- RLINE
Fsmtrack.vhd 98 signal strbSpisend: std_logic; - 2
Step.c
. %9
Gptrackvhd 29 P 25 // --- main operation (op)
Hostifvhd 100 ---- handshake ep't 26 enum Stateop {
I2cmaster_v1_0.vhd o1 - op tomyspl ) &l e 27 stateOpPreph, stateOpPrepB, stateOpPrepC,
Identyvhd o2 signal reqspi: std_logic; C Ubdkce 28 stateOpInit,
ser.vhd " . o s
Parromvhd . h C Usbrtx.c 30 stateOpsetLeft,
o s oo other ® ez 31 stateOpSetRight,
Preview.vhd 106 -- Ip sigs.oth.cust --- INSERT ok pefore sicty - ctateopIny
Rgbled_v1_0.vhd 187 = > & 3}
> OUTLINE 125 begin > OUTLINE 34
L > TIMELINE (¢} > TIMELINE 35 static enum StateOp stateOp = stateOpPrepA;

In1,Col1 TabSize:4 UTF8 LF VHDL & 0Q Ln1,Col1 TabSizeed UTF-8 LF {}C Win32 & 0
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Host-Device Kommunikation

PHY-unabhangig

e Unterteilung von Device-Funktionalitat in Module

* Zuweisung von Befehlssatz (sowie buffer transfers) zu Modulen

* C++sowie C/VHDL Code-Generierung fur glue code (UART, SPI, AXILite, PCle) WhizniumDBE
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Host-Device Kommunikation

PHY-unabhangig

Whiznium StarterKit Low-level access

. | FSM tracker

_|Terminal

Connection state |not connected

tkc}i)(s rc.setTkst(tkst=300)

Command sequence

Buffel

. | Camera

" | Turntable

" | Line lasers

hostif.reset
fsmtrack.getinfo
fsmtrack.select
fsmtrack.set
camif.getReg
camif.modReg
camif.setReg
camif.setRng
corner.getinfo
corner.set
ident.get

laser.set
preview.getinfo
preview.set
state.get
step.getinfo
step.moveto
step.set
step.zero
tkelksrc.getTkst
tkelksre.setTkst

(o

trace.getinfo
trace.set
trace.trigger
videoin.getinfo
videoin.set

Ein Computer-Vision Projekt — zehn Plattformen

zu Modulen

(UART, SPI, AXILite, PCle)

o)

& | [

BOOST

WhizniumDBE

root@buildroot:~/whiznium/bin/wskdterm# ./Wskdterm tidk /dev/dbeaxilite
Welcome to the interactive terminal for Wskd version 1.1.14, unit UntWskdTidk!
UntWskdTidk [disconnected] >> connect
UntWskdTidk >> showCmds

hostif.reset()

fsmtrack.getInfo()

fsmtrack.set(rng={false, true}, TCapt=[uint32])
camif.getReg(addr=[uint16])
camif.modReg(addr=[uint16],mask=[uint8],val=[uint8])
camif.setReg(addr=[uint16],val=[uint8])
camif.setRng(rng={false,true})

corner.getInfo()

corner.set(rng={false,true}, linNotLog={false, true}, thd=[uint8])
ident.get()

laser.set(1=[uint16], r=[uint16])

preview.getInfo()

state.get()

step.getInfo()

step.moveto(angle=[uint16],Tstep=[uint8])

step.set(rng={false, true},ccwNotCw={false,true},Tstep=[uint8])
step.zero()

tkclksrc.getTkst()

tkclksrc.setTkst(tkst=[uint32])

trace.getInfo()

trace.trigger()
videoin.getInfo()
videoin.set(rng={false, true})

fsmtrack.select(tixVSource={hostifOp,previewFrmbufB},staTixVTrigger={void, pwup,swd_sig}, stoTixVTrigger={void, pwup, s\

preview.set(rng={false, true}, grayNotRgb={false, true}, rawNotBin={false, true},altNotCst={false, true}, rawX0=[uint16], r

trace.set(rng={false, true},deltaNotAbs={false,true}, lvlFirst=[uint8], lvlSecond=[uint8])

Embedded Software Engineering Kongress 2023




Kamera

MIPI CSI-2 16
R
e Linux: V4L2 (“Video for Linux 2”) erledigt die Hardware-Abstraktion vorbildlich @3 |

* FPGA’s: alle Hersteller bieten MIPI CSI-2 Blocke an, die man (relativ) standardisiert einbinden kann

Hersteller-Flexibel bleiben in FPGA’s

* Grafischen design entry vermeiden so weit es geht, stattdessen: RTL Code

» Hersteller-spezifische IP nur flr Spezial-Features (z.B. Gigabit-Transceiver) nutzen

* Keine Spezial-Features: SPI, UART, Speicher, ...

* Open Source Wrapper fir Standard-High-Speed-Interfaces (PCl Express, DDR SDRAM, ...) nutzen
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Hardware-Abstraktion auf der Linux Host-Seite

Kapselung der Funktionalitat

* Konzept des Job Tree (Hierarchische Runtime-Struktur von C++ Objekten)

root@apalis-imx6:~/whiznium/bin/wzskcmbd# uname -a
Linux apalis-imx6 4.14.117-3.0.2+ge43e3a26elb7 #1 SMP Sun Sep 6 13:39:42 UTC 2020 armv7l GNU/Linux

root@apalis-imx6:~/whiznium/bin/wzskcmbd# ./run.sh
Welcome to Whiznium StarterKit v1.1.3!
starting 4 job processor threads ... {2145, 2147, 2151, 2152} success
starting 1 operation processor threads ... {2153} success
starting application server ... success
starting DDS publisher ... success
starting OPC UA server ... success
Initialization complete.

Wzskcmbd >> showJobs
+ RootWzsk (1)

- JobWzskSrcZudvk/SRV (2)

- JobWzskSrcV412/SRV (3)

- JobWzskSrcUvbdvk/SRV (4)

- JobWzskSrcTitdvk/SRV (5)

- JobWzskSrcSysinfo/SRV (6)
JobVzskSrcPwmonuart/SRV (7)
JobWzskSrcNexysv/SRV (8)
JobWzskSrcMcvevp/SRV (9)
JobWzskSrcIcicle/SRV (10)
JobWzskSrcCvgxstk/SRV (11)
JobWzskSrcClnxevb/SRV (12)
— JobWzskSrcArty/SRV (13)
JobWzskIprTrace/SRV (14)

- JobWzskActLaser/CLI (15)
- DobWZSKSreVat2/CLr (16)
JobWzskIprCorner/SRV (17)
- DobWZSKSreVal2/CLT (18)
JobWzskIprAngle/SRV (19)
- JobWzskIprCorner/CLI (20)
- JobWzskActServo/SRV (21)
- JobWzskActLaser/SRV (22)
JobWzskActExposure/SRV (23)
- DobWzskSrcVat2/CLr (24)
JobWzskAcgPtcloud/SRV (25)
- JobWzskIprTrace/CLI (26)
- JobWzskActServo/CLI (27)
JobWzskAcgPreview/SRV (28)
- DobWZSkSreval2/CcLr (29)
- JobWzskAcgFpgapvw/SRV (30)
- JobWzskAcqFpgaflg/SRV (31)

&

+

+

+

+

+
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root@buildroot:~/whiznium/bin/wzskcmbd# uname -a
Linux buildroot 5.10.0 #4 SMP Thu Aug 24 05:42:20 CEST 2023 riscv32 GNU/Linux

root@buildroot:~/whiznium/bin/wzskcmbd# ./Wzskcmbd

Welcome to Whiznium StarterKit v1.1.3!
starting 4 job processor threads ... {227, 228, 230, 232} success
starting 1 operation processor threads ... {233} success
starting application server ... success

Initialization complete.

Wzskcmbd >> showlobs
+ RootWzsk (1)

- JobWzskSrcZudvk/SRV (2)

- JobWzskSrcV412/SRV (3)

- JobWzskSrcUvbdvk/SRV (4)

= (5)

- JobWzskSrcSysinfo/SRV (6)

- JobWzskSrcPwmonuart/SRV (7)

- JobWzskSrcNexysv/SRV (8)
JobWzskSrcMcvevp/SRV (9)
JobWzskSrcIcicle/SRV (18)
JobWzskSrcCvgxstk/SRV (11)
JobWzskSrcClnxevb/SRV (12)

- JobWzskSrcArty/SRV (13)
JobWzskIprTrace/SRV (14)

- JobWzskActLaser/CLI (15)

- DobWzskAcgFpgaflg/CLT (16)
JobWzskIprCorner/SRV (17)

- DobWzskAcqFpgaflg/CLT (18)
JobWzskIprAngle/SRV (19)

— JobWzskIprCorner/CLI (20)
JobWzskActServo/SRV (21)

- JobWzskSrcTitdvk/CLI (22)
JobWzskActLaser/SRV (23)

- JobWzskSrcTitdvk/CLI (24)
JobWzskActExposure/SRV (25)

- JobWzskSrcTitdvk/CLI (26)
JobvzskAcqPtcloud/SRV (27)

—- JobWzskIprTrace/CLI (28)

- JobWzskActServo/CLI (29)
JobWzskAcgPreview/SRV (30)

- DobWzskAcqFpgapww/CLT (31)
JobWzskAcqFpgapvw/SRV (32)

— JobWzskSrcTitdvk/CLI (33)
JobWzskAcgFpgaflg/SRV (34)

- JobWzskSrcTitdvk/CLI (35)

+

+

+

+

+

+

+

+

+

+
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Hardware-Abstraktion auf der Linux Host-Seite

Kapselung der Funktionalitat

* Konzept des Job Tree (Hierarchische Runtime-Struktur von C++ Objekten)

root@apalis-imx6:~/whiznium/bin/wzskcmbd# uname -a

Linux apalis-imx6 4.14.117-3.0.2+ge43e3a26elb7 #1 SMP Sun Sep 6 13:39:42 UTC 2020 armv7l GNU/Linux

root@apalis-imx6:~/whiznium/bin/wzskcmbd# ./run.sh
Welcome to Whiznium StarterKit v1.1.3!
starting 4 job processor threads ... {2145, 2147, 2151, 2152} success
starting 1 operation processor threads ... {2153} success
starting application server ... success
starting DDS publisher ... success
starting OPC UA server ... success
Initialization complete.

Wzskcmbd >> showJobs
+ RootWzsk (1)

- JobWzskSrcZudvk/SRV (2)

- JobWzskSrcV412/SRV (3)

- JobWzskSrcUvbdvk/SRV (4)

- JobWzskSrcTitdvk/SRV (5)

- JobWzskSrcSysinfo/SRV (6)
JobVzskSrcPwmonuart/SRV (7)
JobWzskSrcNexysv/SRV (8)
JobWzskSrcMcvevp/SRV (9)
JobWzskSrcIcicle/SRV (10)
JobWzskSrcCvgxstk/SRV (11)
JobWzskSrcClnxevb/SRV (12)
— JobWzskSrcArty/SRV (13)
JobWzskIprTrace/SRV (14)

- JobWzskActLaser/CLI (15)
- DobWZSKSreVat2/CLr (16)
JobWzskIprCorner/SRV (17)
- DobWZSKSreVal2/CLT (18)
JobWzskIprAngle/SRV (19)
- JobWzskIprCorner/CLI (20)
- JobWzskActServo/SRV (21)
- JobWzskActLaser/SRV (22)
JobWzskActExposure/SRV (23)
- DobWzskSrcVat2/CLr (24)
JobWzskAcgPtcloud/SRV (25)
- JobWzskIprTrace/CLI (26)
- JobWzskActServo/CLI (27)
JobWzskAcgPreview/SRV (28)
- DobWZSkSreval2/CcLr (29)
- JobWzskAcgFpgapvw/SRV (30)
- JobWzskAcqFpgaflg/SRV (31)

&

+

+

+

+

+
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root@ZUBoard:~# uname -a
Linux ZUBoard 5.15.36-xilinx-v2022.2 #1 SMP Mon Oct 3 ©7:50:07 UTC 2022 aarch64 GNU/Linux

root@ZUBoard:~/whiznium/bin/wzskcmbd# ./Wzskcmbd

Welcome to Whiznium StarterKit v1.1.3!
starting 2 job processor threads ... {631, 632} success
starting 1 operation processor threads ... {633} success
starting application server ... success

Initialization complete.

Wzskcmbd >> showJobs
+ RootWzsk (1)
- (2)
- JobWzskSrcV412/SRV (3)
- JobWzskSrcUvbdvk/SRV (4)
- JobWzskSrcTitdvk/SRV (5)
- JobWzskSrcSysinfo/SRV (6)
~ JobWzskSrcPwmonuart/SRV (7)
JobWzskSrcNexysv/SRV (8)
JobWzskSrcMcvevp/SRV (9)
JobWzskSrcIcicle/SRV (10)
- JobWzskSrcCvgxstk/SRV (11)
JobWzskSrcClnxevb/SRV (12)
- JobWzskSrcArty/SRV (13)
JobWzskIprTrace/SRV (14)
- JobWzskActLaser/CLI (15)
- JobWzskAcgFpgaflg/CLI (16)
JobWzskIprCorner/SRV (17)
- JobWzskAcqFpgaflg/CLI (18)
JobWzskIprAngle/SRV (19)
- JobWzskIprCorner/CLI (20)
JobWzskActServo/SRV (21)
- JobWzskSrcZudvk/CLI (22)
JobWzskActLaser/SRV (23)
- JobWzskSrcZudvk/CLI (24)
JobWzskActExposure/SRV (25)
- JobWzskSrcZudvk/CLI (26)
JobWzskAcgPtcloud/SRV (27)
- JobWzskIprTrace/CLI (28)
- JobWzskActServo/CLI (29)
JobWzskAcgPreview/SRV (30)
- JobWzskAcqFpgapvw/CLI (31)
JobWzskAcqFpgapvw/SRV (32)
- JobWzskSrcZudvk/CLI (33)
JobWzskAcqFpgaflg/SRV (34)
- JobWzskSrcZudvk/CLI (35)

+

+

+

+

+
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Hardware-Abstraktion auf der Linux Host-Seite

Kapselung der Funktionalitat

* Konzept des Job Tree (Hierarchische Runtime-Struktur von C++ Objekten)

root@apalis-imx6:~/whiznium/bin/wzskcmbd# uname -a
Linux apalis-imx6 4.14.117-3.0.2+ge43e3a26elb7 #1 SMP Sun Sep 6 13:39:42 UTC 2020 armv7l GNU/Linux

root@apalis-imx6:~/whiznium/bin/wzskcmbd# ./run.sh
Welcome to Whiznium StarterKit v1.1.3!
starting 4 job processor threads ... {2145, 2147, 2151, 2152} success
starting 1 operation processor threads ... {2153} success
starting application server ... success
starting DDS publisher ... success
starting OPC UA server ... success
Initialization complete.

Wzskcmbd >> showJobs
+ RootWzsk (1)

- JobWzskSrcZudvk/SRV (2)

- JobWzskSrcV412/SRV (3)

- JobWzskSrcUvbdvk/SRV (4)

- JobWzskSrcTitdvk/SRV (5)

- JobWzskSrcSysinfo/SRV (6)
JobVzskSrcPwmonuart/SRV (7)
JobWzskSrcNexysv/SRV (8)
JobWzskSrcMcvevp/SRV (9)
JobWzskSrcIcicle/SRV (10)
JobWzskSrcCvgxstk/SRV (11)
JobWzskSrcClnxevb/SRV (12)
— JobWzskSrcArty/SRV (13)
JobWzskIprTrace/SRV (14)

- JobWzskActLaser/CLI (15)
- DobWZSKSreVat2/CLr (16)
JobWzskIprCorner/SRV (17)
- DobWZSKSreVal2/CLT (18)
JobWzskIprAngle/SRV (19)
- JobWzskIprCorner/CLI (20)
- JobWzskActServo/SRV (21)
- JobWzskActLaser/SRV (22)
JobWzskActExposure/SRV (23)
- DobWzskSrcVat2/CLr (24)
JobWzskAcgPtcloud/SRV (25)
- JobWzskIprTrace/CLI (26)
- JobWzskActServo/CLI (27)
JobWzskAcgPreview/SRV (28)
- DobWZSkSreval2/CcLr (29)
- JobWzskAcgFpgapvw/SRV (30)
- JobWzskAcqFpgaflg/SRV (31)

&

+

+

+

+

+

Ein Computer-Vision Projekt — zehn Plattformen

mpsitech@chip:~$ uname -a
Linux chip 6.2.0-37-generic #38~22.04.1-Ubuntu SMP PREEMPT_DYNAMIC Thu Nov 2 18:01:13 UTC 2 x86_64 x86_64 x86_64 GNU/Linux

mpsitech@chip:~/whiznium/bin/wzskcmbd$ ./Wzskcmbd

Welcome to Whiznium StarterKit v1.1.3!
starting 4 job processor threads ... {7094, 7095, 7096, 7097} success
starting 1 operation processor threads ... {7098} success
starting application server ... success

Initialization complete.

Wzskcmbd >> showJobs
+ RootWzsk (1)

- JobWzskSrcZudvk/SRV (2)

- JobWzskSrcV4l2/SRV (3)

- @)

- JobWzskSrcTitdvk/SRV (5)

- JobWzskSrcSysinfo/SRV (6)

- JobWzskSrcPwmonuart/SRV (7)
JobWzskSrcNexysv/SRV (8)
JobWzskSrcMcvevp/SRV (9)
JobWzskSrcIcicle/SRV (1)
JobWzskSrcCvgxstk/SRV (11)
JobWzskSrcClnxevb/SRV (12)

- JobWzskSrcArty/SRV (13)
JobWzskIprTrace/SRV (14)

- JobWzskActLaser/CLI (15)

- DobWZSKSreVal2/CLT (16)
JobWzskIprCorner/SRV (17)

- DobWZSKSreVaL2/CLT (18)
JobWzskIprAngle/SRV (19)

- JobWzskIprCorner/CLI (20)
JobWzskActServo/SRV (21)

- JobWzskSrcUvbdvk/CLI (22)
JobWzskActLaser/SRV (23)

- JobWzskSrcUvbdvk/CLI (24)
JobWzskActExposure/SRV (25)

— JobWzskSrcV412/CLI (26)
JobWzskAcgPtcloud/SRV (27)

- JobWzskIprTrace/CLI (28)

- JobWzskActServo/CLI (29)
JobWzskAcgPreview/SRV (30)

- DJobWzskSreVat2/cLr (31)
JobWzskAcqFpgapvw/SRV (32)
JobWzskAcqFpgaflg/SRV (33)

4

+

+

+

+

+

+

+

e —
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Hardware-Abstraktion auf der Linux Host-Seite

Nutzung verschiedener CPU Extensions

» Beispiel Vorschaubild: 8x8 RGB / 4x4 Graustufen Binning €3 |

* NEON (ARM) vs. SSE2 (intel) vs. universell - gelost mit #ifdef’s
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Hardware-Abstraktion auf der Linux Host-Seite

Nutzung verschiedener CPU Extensions

#ifdef __arm__ #elif x86 64
// hard-wired to 4x4 super-pixels ‘;
const uint64_t zero64 = @; uint16 t* buf =

uintl6x8_t data;

uint64x2_t dataAccd;

uint64x2_t acc;
uintl6_t accl6;

@

unsigned int 1ldix, stix;

for (unsigned int i = @; i < xchg->stgwzskframegeo.hGrrd; i += 4) {
for (unsigned int j = @; j < xchg->stguzskframegeo.wGrrd; j += 8) {
ldix = i * xchg->stgwzskframegeo.wGrrd + j;

acc = vldiq_dup_u64(&zerobd);

for (unsigned int k = 0; k < 4; k++)
data = vldilg_ul6(&(grrd16[1dix]));
dataAcc2 = vpaddlg_ul6(data);
dataAccd4 = vpaddlg_u32(dataAcc2);

acc = vaddq_u64(acc, dataAcc4);

ldix += xchg->stguzskframegeo.wGrrd;

3

stix = i/4 * xchg->stgwzskframegeo.wGrrd/4 + j/4;

acclé = vgetq_lane_ul6(vreinterpretq_ul6_u64(acc), 8);
pvwgrrd16[stix] = accl6 >> 4;

stix++;

acclé = vgetq_lane_ul6(vreinterpretq_ul6_u64(acc), 4);
pvwgrrd16[stix] = accl6 >> 4;

#else

// hard-wired to 2x2 super-pixels
unsigned int 1ldix, stix;

uint32_t acc;

for (unsigned int i = @; i < xchg->stguwzskframegeo.hGrrd; 1 += 2) {
for (unsigned int j = 8; j < xchg->stguzskframegeo.wGrrd; j += 2) {

I

ldix = i * xchg->stguzskframegeo.wGrrd + j;
acc = 0;

for (unsigned int k = 8; k < 2; k++) {
for (unsigned int 1 = @; 1 < 2; 1++) acc += grrd16[1dix+1];

ldix += xchg->stguzskframegeo.wGrrd;

stix = i/2 * xchg->stgwzskframegeo.wGrrd/2 + j/2;

pvwgrrd16[stix] = acc >> 2;
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Build-Automatisierung

Jenkins oder “was kann man in Skripte packen” 16
1
4
* Verwendung der Hersteller-IDE’s bei Beginn mit neuer Plattform unvermeidlich 3 |

(aber auch effizient: Live-Debugging, etc.)

* Bei Funkionsaktualisierungen (oder Iteration des modellbasiert generierten Codes): Skriptbarkeit
gefragt

e Subjektive Einschatzung Skriptbarkeit
* FPGA-Hersteller Tools: .tcl getrieben - mittel
e MCU Code: von IDE erstellte Makefiles nutzbar - mittel
* Yocto und Buildroot fiir Linux-Distribution - gut

e C++ Code fir Linux Daemon - sehr gut
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Test-Automatisierung

ldeen und logistische Herausforderungen
=)

APl-getriebenes Auslosen der Ul-Funktionen (automatisch generierte
C++ API Bibliothek WhizniumSBE Projekten) WhizniumSBE
Loggen der Reaktion, Aufzeichnen von Referenzbildern

Problem: Multiplexing; Low-level konnte mit FPGA gehen, MIPI Multiplexing nur aktiv / schwierig
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Modellbasiertes Design mit Whiznium

Umfang

M2M / HTTPS
Windows/.NET MacOS
C++/CLI acc. app SwiftUl acc. app
HMI/ HTTPS DOM | state m. DOM_Jj state m. M2M/ DDS
optionally powered by C++ AP library Swift AP library powered by
i Connext™ DDS
v Vue.js Linux JV™M ft' Software
C++ accessor app Java accessor app
. Web-browser DOM | statem. DOM | state m.
DOM e.g. UXV

C++ API library Java AP library

= H1es

CLOUD / INTERNET

== 00s =

HT"gz:(eM(:_i'/'\‘j”S) @ session management and HMI/M2M control jobs
XML 3 application server
preferences thread
(operation engine C++ executable job processor
server thread) > command prompt | majn/combined engine threads
@ (O(’:)I::Iitor:' ::dg;;\e operation processor
EMBEDDED SYSTEM threads

hardware control jobs

WhizniumSBE 4

domain A

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

serial command
execution

continuous
polling

ot controllers o controllers .
. interface interface PCB1
DEVICE LEVEL FPGA-SoC FPGA - Q @ -
PCB2 PCB3

Ein Computer-Vision Projekt — zehn Plattformen

M2M / OPC UA

powered by

@ Matrikon’| <
lloT, e.g. SCADA

&= orC UAm

@ . managed file archive

@ . temporary file store

database (MariaDB.

C++ database ’
B ® I

A to Whiznium engine

monitoring monitoring

automated code generation

mixed generated/manual code
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Modellbasiertes Design mit Whiznium

Funktionsweise

e Schrittweiser Modellaufbau in SQL Datenbank mit

Import (I)- und Generierungs (G)-Schritten
WhizniumSBE (Service Builder’s Edition)

* Erst dann automatisches Schreiben des Quellcodes
* Deployment information (I)

* Text-basierte Modelldateien (”diff”-bar) e Global features (I)

* Database structure (I)

WhizniumDBE (Device Builder’s Edition) *  Basicuser interface structure (1)
* Import/export structure (l)

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

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

° Data flows and algorithms (I) ° User interface (G)

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

* Custom fine structure (l) « Job tree (G)

* Finalization (G) * Custom job tree features (1)

*  Finalization (G)
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Modellbasiertes Design mit Wh

Einbau in den Programmieralltag

Ablage  Bearbeiten Darstellung  Gehe zu

Fenster

Hilfe

expLo
~ wzsk
>m  Connect Disconnget
>
J oo connected to 192.168.178.23:13106
apl

5 dby Prolects
4 Sonnenglas Solar Panel Tester
130 WhizniumpB

“ermTitdvk.vue

Camera.cop

20 WPSI Technologies Gab
ation)

> sai WhiznlumSBE Engine Monitor Jder —— ABOVE
Whiznium License Manager
> swi 1
Whizniumsge 1skouED
7 VUl Whiznium Starterkit
> W& current version is v1.1.4 le Mzsid.he
>¢ Change project's current version —
>¢
. Step version and iterate source code tree . “PrlHzskL LvCanera_blks. cop'
o Iterate source code tree ... tespace 5t6;
o) ke
| project selected =
€ | [Successfully iterated source code tree of project Whiznium St | 1cust —— INSERT
¢| anerkitto version 1.1.4.
ol SuzskLwcanera
|
cl ::PnlWzskL LuCaneral

@ PniWzskLIvFsmtrkTitdvk_blks.cpp
© PniWzskLIVFsmtrkTitdvk_evals.cpp
© PniWzskLIvFsmtrkTitdvk.cpp s
€ PniWzskLIvFsmtrkTitdvk.h 6
@ PniWzskLivHeadbar_blks.cpp
@ PniWzskLivHeadbar.cpp

€ PniWzskLivHeadbar.h

€ PniWzskLivLaser_blks.cpp

@ PniWzskLIvLaser_evals.cop

@ PniWzskLivLaser.cpp

€ PniWzskLivLaserh

€ PniWzskLivPwrasys_blks.cop
 PniWzskLivPwrasys.cpp

€ PniWzskLivPwrasysh

@ PniWzskLIvTermArty_blks.cpp

@ PriWzskLivTermArty_evals.cop
@ PriWzskLivermArty.cpp
€ PolWzskLIvTermArty.h
€ PnIWzskLivTermCgskpcie_blks.cpp
G PniWzskLivTermCgskpcie_evals.cpp
> GLIEDERUNG
> ZEITACHSE
®3A0 WO

Lvcan

Achghzske xchg

.+ Dbshizske dbswzsk

+ const ubigint jrefSup
const uint LxzskVLocale

)
Jobzsk(xchg, VeczskVJob: sPULWZSKLLVCAMERA, jrefS

jref = xchg->addlob(dbswzsk, this, jrefSup);

feedFPupHde. tag
v Prwnode

FPupM
d(ixzskVLocale, feedFPuphde);

U

acqpreview = MILL;
actexposure = NULL;

feedFPupHde Vechizsk! o1 :BINREDDOM] ->Avail = ((xch
acapreview = new JobzskAcaPrevieu(xchg, dbswask, jref
actexposure = new Jobi clxchy, dbswzsk, ir
11 17 constructor. cust;

set<uint> oditens;
refresh(dbswask, noditeas) ;

xchg->addClst:
xehg->addClstn( Ve
xehg->addClstn(Ve

CALLVZSKSHROATCHG, jref,
{CALLVZSKRESULTNER, ] ref,

11°1P constr

INSERT

era (isplesentation)
"

@ PniWzskLIvCamera.cop 3 X

@} mpsitech

(=) Schreibtisch
A Programme
© Downloads
£ srcjava

£ srcjava-git
£ sremacos

B srevue

B test

£ whiznium

£ whiznium_dev
£ whiznium_sdk
£ Creative Cloud Files
£ Dropbox

& Platte
® Google Drive

@® Netzwerk

® Blau

Gelb
® Grau
® Rot

@ Alle Tags ..

CALLVZSKCLATHEHG, jref, C15End NVEEVABERGERETTI, 0, Fatse, Arg() B, TeTee

< CrdWzskLiv

Ordner wird iiber Dateifreigabe geteilt

] [ CrawaskFil
59 CrawazskLiv
£ CrdWazskLlv
£ CrdwaskNav
[ CrdWazskObj

25k [ Crdwazskogr
vask [ CrdwaskPrs
vask [ Crdwaskscf
NSE [ Crdwazskses
OME.md £ Crdwasksht
wask [ CrdWazskUsg
siwzsk 59 CrdwaskUsr
Ippwzsk £ 008
appwzsk =F

embd £ lexwazsk

M2msess..k_blks.cpp
M2msessWzsk.cop
M2msessWzskh

RootWask_biks.cop
RootWask.cpp
RootWazsk.h
[ SOK_Configuration
SessWazsk_blks.cop
SessWazsk.cpp
SessWzskh
[ VecWzsk
Wask.cop
4 Waskh
Waskembd_exe.cop
Waskembd_exe.h
Waskembd.cpp
Waskembd.h
WaskembdAnnsry.con

VecUactype:

i
PnlzskLvPurasys.h

+ job handler for
Job PniWzskLlvPwrasys
(dectarations)

+ \copyright (C)
2016-2020 WPST
Technologies GabH

+ \author
Alexander Wirthaueller

auto-generation)

+ \date created: 6
Dec 2023

/1 1P header — ABOVE

#ifndef
PNLWZSKLLVPHRASYS_H

#define
BIW7EK1 | VoURASYE W

PniWzskLIvPwrasys.h

C Header Source - 4 KB
Informationen

Erstollt Houte, 15:24
Getindert Houte, 15:24
2ul. gest =
Tags

Zeile 1, Spalte 1 _TabulatorgréBe: 2 LF () C++ Mac Q)
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https://content.mpsitech.cloud/ese2023/WhizniumSBE_step.mp4

Zusammenfassung

* Hardware Abstraction geschieht — klar —in der Software
* Eslohnt sich, auf dem hardware-nachsten Niveau anzusetzen (feingliedrige Funktionalitat)
* Ansatz, Code fir alle Plattformen in einem Projekt beisammen zu halten

* Universelle bzw. bereits portierte Programmiersprachen (C, C++, ...) und Betriebssysteme (Linux, ...)
erledigen den Rest

* Modellbasiertes Software-Design hilft an mehreren Stellen
* State Machines nutzbar sowohl fir MCU oder FPGA
* PHY-agnostische Host-Device Kommunikation
* Verwaltung komplexer Job Trees unter Einbeziehung aller Plattformen

* uvm...
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Referenzen

Open Source Projekte und Dokumentation

* Konferenzbeitrage zu Whiznium

https://www.mpsitech.com/documentation/presentations

* Aktuelle Laser Scanner Projektdokumentation auf GitHub

https://mpsitech.github.io/Laser-Scanner-By-Platform

*  Whizinum Dokumentation (Open Source Tool fiir modellbasierte Code-Generierung liber den
“embedded full-stack”)

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

*  Whiznium Starter Kit Quellcode (Linux daemon)

https://github.com/mpsitech/wzsk-Whiznium-StarterKit

* Whiznium Starter Kit Device Quellcde (RTL/C fur alle Plattformen)

https://github.com/mpsitech/wskd-Whiznium-StarterKit-Device
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https://mpsitech.github.io/Laser-Scanner-By-Platform/
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https://github.com/mpsitech/wzsk-Whiznium-StarterKit
https://github.com/mpsitech/wskd-Whiznium-StarterKit-Device

Vielen Dank!

Fragen?

Alexander Wirthmdller
Founder & Director

E-Mail: aw@mpsitech.com

MPSI Technologies GmbH
Agnes-Pockels-Bogen 1
80992 Munich

Germany

www.mpsitech.com TECHNOLOGIES

1 1
. . . . Phone: +49 (89) 4524 3826 p O
e https://www.linkedin.com/in/wirthmua Mobile: +49 (175) 918 5480 : :

e https://github.com/mpsitech
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