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MPSI Technologies

* MPSI Technologies is a start-up based in Munich, Germany

* It was founded in 2016 to promote innovative ways of getting
embedded software projects done faster and with better code
quality

* Founder’s background: electrical engineering and photonics (lots of
very specialized hardware)

Timeline:

- 2012-2016: Tasked to put a custom IR detector array to use in robotics research project; development of code generator to the side

- 2016-2018: Project becomes product Whiznium, covering wide range of embedded aspects, from FPGA’s to Single Board Computers
to Web User Interfaces

- 2018-2020: First revenue by applying Whiznium to customer projects

- 2020-today : Whiznium becomes Open Source project and use of the tool by external parties is encouraged

@ MICROCHIP



Whiznium: Leverage FPGA-SoC based hardware

Microchip PolarFire® SoC Icicle Kit

c®\ MICROCHIP

e Built around Microchip’s PolarFire® SoC
e quad-core 64-bit RISC-V CPU
 NV-PL fabric with LE’s, RAM and DSP’s
e 2GBLPDDR4 RAM
« eMMC/SD permanent storage
* PCle/Ethernet/USB/UART/CAN/SPI/12C
connectivity

* Ready to run Embedded Linux

native Linux / .NET / Mac o~ SCADA
HTML accessor apps DDS
&% - ——
AP library
EXTERNAL web-based Ul
el e meopo s B oos0v u SRl
OPC UA server
L Webisenver DDS publisher
EMBEDDED XML preferences file -
SYSTEM Wo..
multi-threaded main executable S Ly ¥ d
LA
WhizniumSBE MariaDB
domain : database
o v
WhizniumDBE vy
domain device access library
----------------- B AXI/ PCle / SPI/ UART St
PL
FPGA-based systems :
DEVICE uC-based systems VHDL and C state machines
LEVEL
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Whiznium onboarding: Tabletop 3D laser scanner

NXP® i.MX6

Xilinx Zyng®

v/ Turntable driven by stepper motor
V/ Tripod-mounted camera + laser holder
v, 0V5640 five megapixels camera

v/ Two intensity-modulated red line lasers

Intel Cyclone® V

- Toradex Apalis CoM on
Ixora carrier board

- Quad ARM Cortex-A9
(32-bit)

- No FPGA

~foradex

Swiss. Embedded. Computing.

- Digilent® Cora 27
development board
- Dual ARM Cortex-A9

(32-bit)
- SRAM-based FPGA

ADIGILENT

‘ Microchip PolarFire® SoC ‘

- Microchip® PolarFire
SoC Icicle kit

- Quad RISC-V (64-bit)

- Flash-based FPGA

@ MICROCHIP

- Aries Embedded MCV
SoM eval. Platform

- Dual ARM Cortex-A9
(32-bit)

- SRAM-based FPGA

MAISS

@ MICROCHIP



Whiznium onboarding: Tabletop 3D laser scanner

v/ Turntable driven by stepper motor
V/ Tripod-mounted camera + laser holder
v, 0V5640 five megapixels camera

v/ Two intensity-modulated red line lasers

Microchip PolarFire® SoC ‘

| - - Microchip® PolarFire
Py R = SoC Icicle kit
""""" e | - Quad RISC-V (64-bit)
‘ M. | - Flash-based FPGA

e — A8\ MicrocHIP
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FPGA image processing: Libero® SoC workflow

Q)
ST TN N - Steps for Libero SoC:

 Start out from existing (Zynq) VHDL code

Build Hierarchy @ show: [components ¥| B E ?

T - * Replace e.g. DSP and memory primitives

5l Bedfreq_v1_0(Bcdfreq_v1_0) (Bedfreq_v1_0.vhd) [work]
5l Camacq(Camacq) (Camacq.vhd) [work]
IP] Dpsram_size2kB_n (PF_DPSRAM_v1.1.110) 4 L] 4
IP) Dpsram_size2kB_p (PF_DPSRAM_v1.1.110) ® Re-w rlte co n st ra I nts fl I e
[1P] Dpsram_sizedkB_n (PF_DPSRAM_v1.1.110)
[1P] Tpsram_size2kB_p_n (PF_TPSRAM_v1.1.108)
IP] Tpsram_size58kB_p (PF_TPSRAM_v1.1.108)
Camif(Camif) (Camif.vhd) [work]
Cec_div2 (PF_CCC_v2.2.100) °
[%_ Debounce_v1_0(Debounce_v1_0) (Debounce_v1_0.vhd) [work] Ste fo r S Ste m B u I I d e r L4
=-[B] Featdet(Featdet) (Featdet.vhd) [work] L
Bl Add_a18b18c18s20(Add_a18b18c18520) (Add_a18b18c18520.v...
(2| Add_a18b20c18s21(Add_a18b20c18521) (Add_a18b20c18521.v... °
2l Add_a21b21s22(Add_a21b21s22) (Add_a21b21s22.vhd) [work] o D f
%) Add 222022:23(Add_222622:23) (Acd 522622223l wor] ertine O dlIOW TOr comms across
5l Add_a23b21s23(Add_a23b21s23) (Add_a23b21s23.vhd) [work]
Add_a23b23s24(Add_a23b23s24) (Add_a23b23s24.vhd) [work]
Dpsram_size2kB_p (PF_DPSRAM_v1.1.110)
Dpsram_size96kB_p_n (PF_DPSRAM_v1.1.110)
5l Mult_a23b23p46(Mult_a23b23p46) (Mult_a23b23p46.vhd) [wo...
5l Mult_a24b24p48(Mult_a24b24p48) (Mult_a24b24p48.vhd) [wo... °
2 Mult_a9b9p18(Mult_a9b9p18) (Mult_adb9p18.vhd) [work] CO n C | u S I O n °
2l Sub_ad6b46d47(Sub_a46b46d47) (Sub_ad6b46d47.vhd) [work] ®
Ezﬂ Sub_a47b44d48(Sub_a47b44d48) (Sub_a47b44d48.vhd) [work]
=+ [l Hostif(Hostif) (Hostif.vhd) [work] o
[%_ Axinx_v2_0(Axirx_v2_0) (Axirx_v2_0.vhd) [work] Y St
B Axite_v2_0(Axitx_v2_0) (Axitx_v2_0.vhd) [work] ra I g O rW a r p O r O C O e
E% Crc8005_32_v1_0(Crc8005_32_v1_0) (Crc8005_32_v1_0.vhd) [w...
(2] elab0:Timeout_v1_0(Timeout_v1_0) (Timeout_v1_0.vhd) [work]
[%ﬁ elabl:Timeout_v1_0(Timeout_v1_0) (Timeout_v1_0.vhd) [work] — . . 4 .
g i i o * Intuitive Libero SoC design flow
E%i Rgbled5(Rgbled5) (Rgbled5.vhd) [work]
Ezj. State(State) (State.vhd) [work]
[:;%_ Step(Step) (Step.vhd) [work]

_ Amwmewmenen 2« MSS configuration greatly helped by tutorial series
=L A8\ MicrocHip
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Embedded Linux with the Yocto® project

& github.com/mpsitech/The-Whiznium-Documentation  ¥¥ Q

H mpsitech / The-Whiznium-Documentation

& C & github.com/polarfire-soc/meta-polarfire-soc-yocto-bsp hh e Q :

Q , Sign up ’ o

& polarfire-soc / meta-polarfire-soc-yocto-bsp

PolarFire SoC yocto Board Support Package

yocto -

PROJECT

& github.com/mpsitech/wzsk-Whiznium-StarterKit ¢ 9

H mpsitech / wzsk-Whiznium-StarterKit

Ingredients:

Instructions from MPSI’s GitHub account
Microchip’s Yocto BSP for the Icicle kit

Custom device driver for PS-PL interconnect
BitBake as part of the Yocto® project
Cross-platform tabletop 3D laser scanner sources

C | M N root@icicle-kit-es:~# uname -a
Onc USIOn o Linux icicle-kit-es 5.6.16 #1 SMP Tue May 4 17:53:06 UTC 2021 riscv64 riscv64 riscv64 GNU/Linux

* Except for custom driver, no adaptations required (!) £\ Microcs



Tabletop 3D laser scanner: Software impressions

root@icicle-kit-es:~/whiznium/bin/wzskcmbd# ./Wzskcmbd
Welcome to Whiznium StarterKit v1.0.5!
starting 4 job processor threads ... {19255, 19256, 19257, 19258} success
starting 1 operation processor threads ... {19259} success
starting application server ... success
starting OPC UA server ... success
Initialization complete.

Wzskcmbd >> showJobs
+ RootWzsk (1)
- JobWzskSrcV412/SRV (2)
- JobWzskSrcSysinfo/SRV (3)
- JobWzskSrcFpga/SRV (4)
+ JobWzskIprTrace/SRV (5)

- JobWzskActLaser/CLI (6)

- JobWzskSrcV412/CLI (7)
JobWzskIprCorner/SRV (8)

- JobWzskSrcV412/CLI (9)
JobWzskIprAngle/SRV (10)

- JobWzskIprCorner/CLI (11)
JobWzskActServo/SRV (12)
JobWzskActLaser/SRV (13)

+ JobWzskActExposure/SRV (14)

- JobWzskSrcV412/CLI (15)
JobWzskAcgPtcloud/SRV (16)

- JobWzskIprTrace/CLI (17)

- JobWzskActServo/CLI (18)
JobWzskAcgPreview/SRV (19)

- JobWzskSrcv41l2/CLI (20)
JobWzskAcgFpgapvw/SRV (21)

- JobWzskSrcFpga/CLI (22)
JobWzskAcqgFpgaflg/SRV (23)

- JobWzskSrcFpga/CLI (24)
M2msessWzsk (25)

JobWzskSrcSysinfo/CLI (26)
JobWzskIprTrace/CLI (27)
JobWzskIprCorner/CLI (28)
JobWzskActServo/CLI (29)
JobWzskActExposure/CLI (30)
JobWzskActLaser/CLI (31)
JobWzskAcgPtcloud/CLI (32)
JobWzskAcgPreview/CLI (33)

Wzskcmbd >>
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Tabletop 3D laser scanner: Software impressions

0@ < D @ 192.168.178.25 ¢ th 3 | [

Whiznium StarterKit Session Navigation

. | Administration module

Operatior | About Whiznium StarterKit
] Whiznium StarterKit version 0.1.28 released on 19-8-2020
© MPSI Technologies GmbH

contributors: Catherine Johnson

libraries: png 1.6.36 and ezdevwskd 1.0
_| Galery Pha

] Whiznium StarterKit is computer vision software which powers MPSI's
tabletop 3D laser scanner that represents the primary on-boarding
vehicle for Whiznium.

Close
shots -
files - 4
_| System monitor
CPU temperature [°C] |46.125999
100.0
total: 27%
—
0{3 core 1: 25%
o core 2: 19%
he] |
© o
o
2
o
O
0:000: ; - : +
-60.00 _-30.00 0.000
time [s]
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Tabletop 3D laser scanner: Software impressions

Calibration =

preview mode | full-res RGE v

> n

auto-exposure [
exposure time [ms] H 5.622928
0.581818

focus (near -> far)

object affiliation [Mid-IR array detector |

Store snapshot

Turntable

Turn counter-clockwise Turn clockwise

Laser orientation

oft Right o

@

minimum ‘on’-'off' difference |9

show guidelines [
ROI trapezoid [
Trace

Clear

Pose estimation

O

target count |256

ROI trapezoid [
Identify corners

Clear

Point cloud

working distance [m] H 0.25
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Tabletop 3D laser scanner: Software impressions

_| 3D Reconstruction =]

cquisition
angle increment [°] H 5

state [idle ]

object affiliation [Nescafe cup |
Start Interrupt

@ MICROCHIP
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Tabletop 3D laser scanner: Software impressions

@00 Whiznium StarterKit Java Viewer

File

Camera Acquisition results

Preview mode 4x4 pixel binning grayscale Object groups Workpieces

Objects Object

Mid-IR array detector

Shots Shot

Mid-IR array detector 1-3-2021 11...

File

ptcloudl.txt |

Files

Download

connected to 192.168.178.25:13100
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Tabletop 3D laser scanner: Software impressions

. Unified Automation UaExpert - The OPC Unified Architecture Client - mpsi* - O X
File View Server Document Settings Help
D PPR =0 X8 B ED
Project & X Data Access View € Attributes & X
v [ Project # Server Node Id Display Name Value | 2|7 B @ (+]
v [3 Servers 1 Whiznium Start... NS1|Numeric|78 angle 52.3021 Attribute Value ~
% Whiznium StarterKit v Nodeld ne=1i=78
v [3 Documents . Namespacelndex 1
[3 Data Access View IdentifierType Numeric
Identifier 78
NodeClass Variable
BrowseName 1, "angle"
LIS = 2 DisplayName ", "angle"
% No Highlight v G 5
C N
= oot . References g X
v ) Objects
» [ JobWazskAcqPreview 7 @ Forward ¥ ©
» [ JobWazskAcqPtcloud Reference Target DisplayName
' '@ JobWazskActExposure HasTypeDefiniti... BaseDataVariableType
> [ JobWazskActLaser
v 2 JobWzskActServo
v [ angleTarget
» ¥ angle ;
» @ target v|L£ 24
Log F X
8D
Timestamp Source Server Message 2
U1/03/2021 12:5...  lypeCache Whiznium Start... Reading type into of Nodeld NS1|Numeric|/8 succeeded
01/03/2021 12:5... DA Plugin Whiznium Start... CreateMonitoreditems succeeded [ret = Good]
01/03/2021 12:5... DA Plugin Whiznium Start... Iltem [NS1|Numeric|78] succeeded : RevisedSamplinglnterval=100, RevisedQueueSize=1, Monitoredltemld=1... v

© 2022 Microchip Technology Inc. and its subsidiaries
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Thank You

Get in touch: contact@mpsitechnologies.com
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