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Overview

uSOP: a Service-Oriented Platform for embedded
applications

Hardware
Software

uSOP at work: monitoring @ KEK Laboratory
— Belle2, Beast

Future plans
Conclusions ...
... and one for aficionados of manga 28] ...



The uSOP board

A. Aloisio

uSOP

uP- based, Service-Oriented
Platform for embedded

applications

Designed for slow-controls the
Belle2 experiment (KEK-Tsukuba, J)

Strongly oriented to SPI, 12C, JTAG,
UART, with isolated power for
peripherals and sensors

Fully managed remotely
Running Linux OS (Debian)

3U Eurocard native form factor,
expandable

Derived-from and compatible-with
BeagIeBone Black open-source

project f board.org
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uSOP — uP and utilities

512 MB DDR3 RAM

4 GB Flash eMMC

USB device

5V, 500mA (typ)
10/100
Ethernet

USB hOS t o 2 g ; O AM335x Processor i
K, S : ARM® ey
e % - Cortex™-A8
oot o e
) *
- R saom || | security | JITTITEES
N shits | e | emercar
usD | PO
Ny % L Ethernet/IP

| 6KRAM | SW T

L3/L4 Interconnect

UQ:T xzﬁ n:;?xa "
10/100 Ethernet (controls and e i

. ) g
managament only. See next slide) (o, i ot
_Px3
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Remote Management

- RST, power, boot * Remote control
' e€ Expander over IP for:

TR 10/100 — uP RST
iid tharnet — Boot mode
3 S erne — Power on/off

10/100 PHY

——"% "  UART over IP:

| T o, :
okl e — Console
— Bootloader
. I —  More tasks can be
ONnsOlE, —— = [Sowec — implementEd
bootloader ==~1 (watchdog,

controls, ...)

Cimmal e

front vi [
ront view * Based on the latest version of

Lantronix Xport-Pro

WP Freescale MCF5208, MMU-less
architecture, 8MB RAM, 16MB Flash

* SoC running uCLinux with a full
cross-compiled SDK
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Timers

e USOP — Peripherals/Intf

_ PRU
16 x GPIO

TCK

ﬂ\x?\d(\ [

Ao

'.:»,:’;"5"” =

» =fullyisolated, 5V-12V supply

4 x 12 bit AIN (**) ** = buffered

+ 2 on-board power monitoring
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Linux porting
e Linuxdistribution: Debian -armv7I

— image-builder script to generate a Linux Debian rootfs image for operating
system installation on eMMC or network booting

e Full support for compilers and applications (packages management via APT
repository)

* Kernels: major releases available

— 3.x (up to 3.8.13 with Xenomai - Real-Time Linux support)
— 4.x (up to 4.5.0)

* bootloader: U-Boot * Linux boot available
— some patching done on official Tl — eMMC
bootloader in order to enable — uSD
network booting and boot media — Ethernet (TFTP)

selection (eMMC, uSD, network)

+ first stage boot available: * Devices for root filesystem (rootfs)

mounting:
— eMMC — eMMC
_ LljSAII)RT (XModem/YMod - D
— oaem oaem
orotocol) — Ethernet (NFS)

— Ethernet (DHCP + TFTP)



EPICS  Experimental Physics and
lﬁi Industrial Control System

* EPICS (http://www.aps.anl.gov/epics/) is a set of Open Source software tools,
libraries and applications developed collaboratively and used worldwide to
create distributed soft real-time control systems for scientific instruments such
as a particle accelerators, telescopes and other large scientific experiments.

* On uSOP: * On XportPRO
— Straightforward — uClinux customization, to enable
compilation on ARM additional software packages and
— Variety of EPICS extensions security reinforcement of
available on board: network services (SSH vs telnet)
 ALH (ALarm Handler) — Custom, low-footprint EPICS
. PV gateway implementation, cross-compiled
e Asyn for uCLinux
 StreamDevice — 10OCs for:
* Autosave e |2C protocol software emulation
— 10Cs for:  SITARA power control
« Linear LTC2499 (12C) * SITARA first stage boot setting

(eMMC, Ethernet, uSD, UART)

* Linear LTC2983 (SPI) LED activit
. activity

» Sitara ADC (parallel)


http://www.aps.anl.gov/epics/
http://www.aps.anl.gov/epics/

Beebotte as EPICS IOC consumer

{ Traffic from

FER  <— SPI, 12C, UART, e Beebotte

ITAG, ADC (https://beebotte.com/) is an
open cloud platform for
network connected objects

U * In our system, EPICS IOCs are

% interfaced with Beebotte using
the bbt-Python library. Data is
pushed to Beebotte every few
minutes.

A Publish/Subscribe model
offers bidirectional data
communication. Users decide
which data to retain by using
persistent and/or transient

EPICS 10Cs
<>
bbt_python

)
f&
[

Source:
Beebotte.com

Websockets
Pub/Sub

n
S
=
o)
3/S
215
o 19
9 |
a1 ©
]
II
| 4
l@s':

| messages.

Server V/a
(backend) <  Beebotte has REST API to let
Clients (Browsers) backend (server) applications

— read, write and publish data.
A. Aloisio =2 20th IEEE Real Time 2016 - Padua, Italy 11



https://beebotte.com/
https://beebotte.com/
https://beebotte.com/
https://beebotte.com/

System Metrics Dasboard

uSOP-fw @BEAST [w]in| f [o-]=]
This dashboard shows system parameters of uSOP module at Tsukuba Hall of KEK laboratory in Tsukuba (Japan)
. —

~_|* Inthe same fashion,
Beebotte is also used
to monitor the uSOP
main system metrics:
— CPU load

— o — RAM/FLASH usage
e e — Network activity

— peripheral power
supplies

A. Aloisio 20th IEEE Real Time 2016 - Padua, Italy 12
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SLOWDOWN...
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AY. ADC — LTC2499 noise floor

uSOP for BELLE2 - EPICS/CSS integration

IA dashboard | ZA 24 bit ADC | SAR 12 bit ADC | I4 noisefloor

MUMBER OF READINGS (%)

rounded CHO - CH1 differential mode)

number of readings
f

L FWHM = 20V = sheenenis €=

Standard deviation:

Variance:

Moise Histogram (7.5sps)

1
10,000 CONSECUTIVE
& EEE?EI?%? RMS = 0.5
VRgr = 2.5V AVERAGE 0,194
10 1"II|N=D1I-" ‘_“_/
Ta=25°C / {
8 /
'
f \
4
2

1]
-3 -4 18124086 0 06 1.2 18
OUTPUT READING (V)

A. Aloisio
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5 45 <4 35 3 -25 -2 15 - 05 0 05 1 15 2 25 3 35 4 45 499
output reading (uV)

0.671 uv
1481 wv

= <V>=1.5uV
RMS = 670nV
24 effective bits

i , Demo_Girc nmm!,_]‘ ;

Technology

Py /
1o (wa) 432~ mna q« 15
2™ wwwlineor,

-Channel
Delto Slgm ADC.’ 3
o i@
X4 tl’ <) Q"“, y
” CH7 CIIG cm &

Source: linear.com

20th IEEE Real Time 2016 -

e uSOP bench test with
LTC2499:

— AX ADC, 24 bit

— I°C, powered by uSOP
isolated supply

— V.. =0V, Input shorted to
local ground

— ~5 Hz sampling rate

— x1 mode

— 50 Hz filter

— V. 5V

— Read-out by EPICS IOC
— GUI by CSS/BOY

Padua, Italy 14



T Beebotte Dashboard
u -fw
e T(°C)

)

T8 kuﬁﬁan\k\m yb/t 2013

 BEAST is a detector presently taking data at SuperKEKB
Interaction Point, to study beam backgroung

e UuSOP is monitoring T and Rh of the 18 BEAST crystals
(LYSO, Csl, Csl(Tl). Data available via EPICS and

BGEbOtte 20th IEEE Real Ti 2016 - Pad [tal
A. Aloisio ' e sdua ttEl UuSOP minicrate for B‘EAST




The EndCap ECL monitoring system 1/2

EndCap Sectors 7F and 8F

¢ G e e
SR ] 3 E
PR ;41 = ,'.),#“! :‘,A,

EndCap Test Station at Fuji Exp. Hall, KEK

Minimal, stand-
alone monitoring
system at the
EndCap ECL test
station

4 sectors over 32
monitored to
control the
conditioning
system (T, Rh)

Up-time > 1 year

Data available via
both EPICS and
cloud

16



The ECL EndCap monitoring system 2/2

g

uSOP 6U unit (internal view)
A. Aloisio

* The final monitoring system will be
installed at KEK during 2016

* Forward and Backward ECL:
— 2112 Csl(TIl) crystals, 32 sectors

— T and Rh monitor, 128 analog
channels (96 thermistors + 32 Rh
probes)

* Features:

— 3-wire read-out to cancel the 40m
cable stray resistance

— Stray thermocouple effects
cancellation

— 8 uSOP boards, 16 ADCs (24 bit)
— 6U, 12HP form factor, shielded

— Selective ground scheme to avoid
loops

— Read-out and controls via network
20th IEEE Real Time 2016 - Padua, Italy
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IS UNDER DEVELOPMENT...
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Going plus...

ey ovAHD  Texas Instruments has
Cortex-A15) | Co-Processor e— f released recently the 1.5
GHz dual-core Cortex A15
Sitara AM5728
DSP

e Gl * On this uP, we have
started the design of a
new platform with FPGA

High-Speed Interconnect and dual hlgh_speed ADC:

System Connectivity

W 55 %3 : uSOP+
ual ole 1 1

WDT

* Not just monitoring: DSP,
" hardware processing,

GPU BB2D
(2x SGX544 3D) (GC320 2D)

IPU1

Serial Interfaces Program/Data Storage

high-speed links, ...

Upto 25 MB GPMC i ELM EMIF x2
OCMC_RAM {NAND/NORJ 2x 32-bit
DCAN x2 12C x5 wi ECC Async) DDR3(L) ECCw

MCSPI x4 MCASP x8

irro-001

A. Aloisio 20th IEEE Real Time 2016 - Padua, Italy 19



Conclusions

uSOP has been intensively tested at KEK, starting from Apr.
2015

Stable and reliable LINUX platform, with uptime > 1 year
Access to SITARA Event Capture peripherals
Hardware controllers for all most common field busses

Fully (re)configurable and managed remotely (from brick to
fully functional)

Designed to work as a stand-alone unit, yet easy to deploy in
complex control infrastructures

EPICS and NSMv2 compliant, I0Cs developed for all the
needed DAQ units

A last thing for the Manga lovers...



Just for fun ...

e Japanese colleagues told
us Usop (77 ) is one
of the One Piece
characters by the manga
writer Eiichiro Oda

e ... More about Usop on
wikipedia:

— https://it.wikipedia.org/wi
ki/Usop

A. Aloisio 20th IEEE Real Time 2016 - Padua, Italy 21



A. Aloisio

20th IEEE Real Time 2016 - Padua, Italy

22



BACKUP



Cortex-A522]

Cortex-A724]

Cortex-43[28]

Cortex-A5[27]
ARMVT-A
Cortex-A
(32-bit) Cortex-A 121281
Cortex-A150122
Cortex-A17
ARMVE-A Cortex-A32[21]

A. Aloisio

Cortex A Cores (32bit)

Application profile, ARM / Thumb / Thumb-2 / DSP ! SIMD / Optional WFPv4-D18 FPU / Optional NEQN ¢
Jazelle RCT and DBX, 1-4 cores / optional MPCore, snoop contrel unit (SCU), generic interrupt
controller (GIC), accelerator coherence port (ACP)

Application profile, ARM / Thumb / Thumb-2 / DSP / WVFPv4-D16 FPU / NEON [ Jazelle RCT and DBX /
Hardware virtualization, in-order execution, superzcalar, 1-4 SMP cores, MPCore, Large Phyzical
Address Extensions (LPAE}, snoop control unit (3CU), generic interrupt controller (GIC), ACP,
architecture and feature set are identical to 415, 8-10 stage pipeling, low-power designl=2]

Application profile, ARM / Thumb / Thumb-2 / YFPv3 FPU / NEON / Jazelle RCT and DAC, 13-stage
superscalar pipeline

Application profile, ARM / Thumb / Thumb-2 / DSP / Optional WFPv3 FPU / Optienal NEON / Jazelle RCT
and DBX, out-of-order speculative issue superscalar, 1—4 SMP cores, MPCore, snoop control unit
(SCUY}, generic interrupt controller (GIC), accelerator coherence port (ACP)

Application profile, ARM / Thumb-2 / DSP / VFPv4 FPU / NEON / Hardware virtualization, out-of-order
speculative izsue superscalar, 1—4 SMP cores, Large Physical Address Extensions (LPAE), snoop
control unit (SCU}, generic interrupt controller (GIC}, accelerator coherence port (ACP)
Application profile, ARM / Thumb / Thumb-2 / DSP ¢ WFPv4 FPU / NEON ! integer divide / fused MAC /
Jazelle RCT / hardware virtualization, cut-of-order speculative izzue superscalar, 1—4 SMP cores,
MPCore, Large Physical Address Extensions (LPAE}, snoop control unit (SCU}, generic interrupt
controller (GIC), ACP, 15-24 stage pipelinel2%]

Application profile, ARM / Thumb / Thumb-2 / DSP / WFPv4 FPU / NEON ! integer divide / fused MAC /
Jazelle RCT / hardware virtualization, cut-of-crder speculative izzue superzcalar, 1—4 SMP cores,
MPCore, Large Physical Address Extensions (LPAE}, snoop control unit (SCU), generic interrupt
controler (GIC), ACP

Application profile, AArch32, NEON advanced SIMD

20th IEEE Real Time 2016 - Padua, Italy

4-54 KB / 4-64 KB L1, MMU +
TrustZone

8-64 KB / 8-54 KB L1, 0-1 MB L2, MMU
+TrustZone

18-32 KB / 16-32 KB L1, 0—1 MB L2 opt
ECC, MKU + TrustZone

16654 KB /1664 KB L1, 08 MB L2
opt parity, MMU + TrustZone

32-64 KB / 32 KB L1, 256 KB-8 MB L2

32 KB wiparity / 32 KB w/ECC L1,
0—4 MB L2, L2 has ECC, MMU +
TrustZone

MKMU + TrustZone

2-54 KB wioptional parity / 8-54 KB
wioptional ECC L1 per core,
128 KB-1 MB L2 w/optional ECC ghared

1.57 DMIPS/MHz per core

1.9 DMIPS/MHz per core

Up to 2000 (2.0 DMIPS/MHz in speed
from 600 MHz to greater than 1 GHz)

2.5 DMIPS/MHz per core, 10,000 DMIPS
@ 2 GHz on Performance Optimized
TSMC 40G (duakcore)

3.0 DMIPS/MHz per core

At least 3.5 DMIPS/MHz per core (up to
4.01 DMIPS/MHz depending on
implementation )]
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Beaglebone Black

BeagleBone Black Development Board

(ACTIVE) BEAGLEEK

@ Description & Features m Technical Documents

Key Document
E - BeagleBone Black Quick-Start Guide (external link)
+ BeagleBone Black System Reference Manual (external link)

Wiew All Technical Documents (&)

Description

BeagleBone Black is a low-cost, open source, community-supported development platform for
ARM® Cortex™-Ag processor developers and hobbyists, Boot Linux in under 10-seconds and
get started on Sitara™ AM335x ARM Cortex-AE processor development in less than 5 minutes
with just a single USB cable.

BeagleBone Elack ships with the Debian GNU/Linux™ in onboard FLASH to start evaluation and
development. Many other Linux distributions and operating systems are also supported on
BeagleBone Black including:

« Ubuntu
- Android

* Fedora

BeagleBone Black's capabilities can be extended using plug-in boards called “capes” that can be

plugged into BeagleBone Black's two 46-pin dual-row expansion headers. Capes are available for,

VGA, LCD, motor control, prototyping, battery power and other functienality. Mere information.

Visit the BeagleBone Black Support Community

A. Aloisio

E Support & Community

BeagleBoard.org » black.

BeagleBone Black

=
-!—. Order Now

ELUDe @
ESTIEETCEI Seorch

o

BeagleBone Black is a low-cost, community-supported development platform for %
developers and hobbyists. Boot Linux in under 10 seconds and get started on %,
development in less than & minutes with just a single USB cable ‘b,}

SOr: AM335x 1GHzZ ARM® Cortex-A8

= 51218 DDR3 RAM

= 4GB 8-bit elMC on-board flash storage
u 3D graphics accelerator

= NEON floating-point accelerator

= 2xPRU 32-bit microcontrollers

= Debian

= Android

= Ubunty

u Cloud® IDE on Node js wi BoneScript ibrary
= plus much more

= USB client for power & communications
= USB host

= Ethemnet

= HOMI

= 2x46 pin headers

Other BeagleBone derivatives »

Purchase &

Select 3 distributor to buy =

20th IEEE Real Time 2016 - Padua, Italy
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AMS5728

@ %EHT‘S

AM5T28, AMST26
SPRS9E3 ~DECEMBER 2015

AM572x Sitara™ Processors
Silicon Revision 2.0

1 Device Overview

1.1 Features

-

*

For Silicon Revision 1.1 information, see SPR915

ARM® Dual CortexE-A15 Microprocessor

Subsystem

Up to 2 C66x™ Floating-Peint VLIW DSP

— Fully Object-Code Compatfible With CE7x™ and
Ch4x+™

— Up to Thirty-two 16 = 16-Bit Fixed-Point
Multiplies per Cycle

Up to 2.5MB of On-Chip L3 RAM

Two DDRIFDDR3L Memory Interface (EMIF)

Modules

— Supports up to DDR3-1066

— Upto 2GB Supported per EMIF

Dual ARM® CortexE-M4 co-processors

IVa-HD Subsystem

Display Subsystem

— Full-HD Video (1920 = 1080p, 60 fps)

Multiple Video Input and Video Qutput

— 2D and 3D Graphics

— Display Contreller With DMA Engine and up to
Three Pipelines

— HDMI™ Encoder: HDMI 1.4a and DVI 1.0
Compliant

2% Dual-Core Pregrammable Real-Time Unit and

Industrial Communication Subsystem (PRU-ICSS)

2D-Graphics Accelerator (BEB2D) Subsystem

— Wivante™ GC320 Core

Video Processing Engine (WVPE)

Dual-Core PowerVRE SGX544™ 30 GPU

Crypto Hardware Accelerators

— AES, SHA, RNG, DES and 3DES

Three Video Input Port (VIP) Modules
General-Purpose Memory Controller (GPMC)
Enhanced Direct Memory Access (EDMA)
Controller

2-Port Gigabit Ethemet (GMAC)

Sixteen 32-Bit General-Purpose Timers
32-Bit MPU Watchdog Timer

Five Inter-Integrated Circuit (I2C) Ports
HDQ™ /M -Wire® Interface

Ten Configurable UART/IrDA/CIR Modules
Four Multichannel Serial Peripheral Interfaces
(MCS5PIs)

Quad SPI Interface (QSPI)

SATA GenZ Interface

Mulichannel Audic Serial Port (MCASP)
SuperSpeed USB 3.0 Dual-Role Device
High-Speed USB 2.0 Dual-Role Device
PCl-Express&@ 2.0 Subsystems With Two 5-Gbps
Lanes

— One 2-lane Gen2-Compliant Port

— of Two 1-lane Gen2-Compliant Ports

Dual Contreller Area Netweork (DCAN) Modules
— CAN 2.0B Protocol

Up to 247 General-Purpose WO (GPIO) Pins
Power, Reset, and Clock Management
On-Chip Debug With CTeools Technology
28-nm CMOS Technology

23 mm = 23 mm, 0.8-mm Pitch, T60-Pin BGA
(ABC)

20th IEEE Real Time 2016 - Padua, Italy
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Beagleboard X15

bqueboad_org HUDeE

er Boards I Learn L Explore 4 Collaborate 1

BeagleBoard.org » %15

BeagleBoard-X15

Sign up below for notifications of availability and approved distributors to place orders. Check the wiki & for the latest production update. IF you need
a board right away and don't care about FCC/CE compliance, you can get an eary version of X132 as the processor module of the AM3728 EVIM. &

What is BeagleBoard-X157

BeagleBoard-X15 is the top performing, mainline Linux enabled, power-users’
dream board with a core tailored for every computing task and a highspeed interface
for every connectivity need. Give your algorithms room to stretch!

Processor: TI AMAT28 2=1 5-GHz ARM® Connectimity

Cortex-A15 2xGigabit Ethernet

4»60-pin headers with PCle, LCD, mSATA
and much more...

n Z2xARM Cortex-WM4 microcentrollers (MCUs)
» 4x32-bit programmable reaktime units (PRUs)

L}
= 2GB DDR3 RAM n 3xSuperSpeed USB 3.0 host
= 4GB 2-bit eMMC on-board flash storage = HighSpeed USH 2.0 client
» 20/3D graphics and video accelerators = e5ATA (S00mA)
(GPUs) » fulksize HOMI video output
» 2=x700-MHz CBE digital signal processors = microsD card siot
(DSPs) n Stereo audio in and out
L}
L}

are Campatibilit
ULV G el

= Debian

= Android

= Ubuntu

» Cloud® IDE on Mode.js
= plus much more

Register your interest

B -
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File Edit View History Bookmarks Tools Help

BEAST dashboard

[ Webmai

(' (i) i@ | https

XfBeebotte

ALy KEK ™ User suppo... Beehotte @ Beebotte

uSOP-bw

USOP - BEAST backward monitoring

/beebotte.com/dash/19c60750-cbac-11e5-aedc-810047 162702 V1P 3rML_-

o -

& usopkek @ Public Created: February 5th 2016 @Views:

box04.CSITL
2427
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BOX04 temperature
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— box04.CSIPURE

x\+ -
& | O prin2015 B @ F 4 © & E =
Beebotte }> Accesso al sisterna @ LaCie | DashBoard A TO-Cans @ Identificazione @ Vaisala Humidity Calc... Radio Centrol - Softwa... \i} MIUR - loginmiur.cine... @ »
(Wlin| f o= + K
box04.CSIPURE box04.LYSO box04.hum 1
a minute ago a minute ago a minute ago
Period: |1 Week j BOX04 rel. humidity Period: |1WEE|( j
27.25
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265
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— box04.LYSO 2
XU 30. May 31. May 1.Jun 2 Jun 3. Jun 4 Jun 5. Jun i
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