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Antenna Control Bus

Cor Iava‘
Dedicated r iber optic cable 96Gb/s

Consolidation factors of severs in the production STE

== 3 Item|| Description Type Quantity | Consolidation| Number of
i}&% Factor blade servers
dl 7 S =T K (2;’;) 1 Antenna Bus Master abm 66 8 8.5
g mﬁ%} AR {sition Gomelatdr Control | 2 Central LO Realtime Computers | lo-x,dmc 9 8 1.25
E : g nsawond ks b and DMC
E:;r:r;a g % 3 BL CDPMaster, CCC cob-cdpm, cob-cc 2 1 1
5 S 4 BL CDP Nodes cob-cdpn 16 4 4
3 1 ‘2 5 ACA CDPMaster, CCC coj-cdpm, coj-cc 2 1 2
P % 2 6 ACA CDP Nodes coj-cdpn 32 4 8
3 § 7 General network services servers | gns 2 1 1
,% 3; 8 General application servers gas 6 1 6
8 3 Total 135 31.375
]
Gb Ethemet (on fiber) 1|-
S - % Gb Ethernet (on fiber)
OSF (2800m) ‘T Severs in the production STE
j Item Description Type Quantity
Swfjch 1 Antenna Bus Master abm 66
) ) 2 Central LO Realtime Computers and DMC lo-x,dme 9
il é 3 Base Line Correlator CDPMaster, CCC cob-cdpm, cob-ce 2
=] ' - Treome 1 2 = 4 Base Line Correlator CDP Nodes cob-cdpn 16
: 5 ACA Correlator CDPMaster, CCC coj-cdpm, coj-cc 2
Operator Console  arcive Hrocessor @ 6 ACA Correlator CDP Nodes coj-cdpn 32
Il_ﬁl H == 7 General network services servers ons 2
e 8 General application servers gas 6
Total 135

Auxillary Computer Amay Control Computer
ACC
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MA Monitor & Control Bus Standard In’rerfoce

CAN_LO

CAN JP1 »  CAN Transcei

10 Pin Connector <—>| PCA82C250
CAN_HI

ALMA M&C BUS STANDARD INTERFACE
O REV. £ JAN 2005
Digital Thermometer @T
GLOBAL Reset 48ms Timing t Serial Number
Signal (RS485) | | Pulse (RS485) TxD | [RxD DS1820
» 000 p +G S
P46 P45 P30 I n ]
Xilinx XC9536 L o] o
CPLD Timing interrupt _ ADDRESS & DATA BUS = 00000 u 00 o
(Optional) Port 0 | o uu
Port 1 ||«
O 00
Power JP5
6 Pin Connector ‘ STI0R167 03
l 1< ETLSHOSORE) [ kil Innt sumi S
AMD29F010
ST10R167 "
Low Dropout .
s Microcontroller N
cece 3
Reset VDD RESET E SRAM 256 kB occe LY
Switch o (| NEC UPD444008LE-12 w @ \
P6.4 6 QE L @
/RDY (E TN ~ o
l RD g o
CPU Supervisor /WRH O
DS1705 /RES /WRL o ﬁ v
8 way DIP P3.1-3.6...CAN slave Address
Switch .Boot Mode
12C Bus, SPI 3 - w)
or
Oscillator XTALIL P3.08 2 RS232 AT29F 0108-55E
5 MHz P3.09 A A 4
P3.13
Buffers UPD444008LE 12 N
RS232 Drivers P3.10 74HCT245 | {
MAX232-SMD Por2 |32 3 " B "
P3.11 Port7 1 |
P5 Port8
32bit 3 3
Analog In idirecti
(10bit) Digital VO
) 4
889
Serial Port Analog Signal Digital Signal Synch. Serial External Bus 100
10 Pin Connector 20 Pin Connector 40 Pin Connector Port J16 50 Pin Connector




Atacama Large Millimeter/submillimeter Array

In search of our Cosmic Origins

Current Architecture

new single board computer
Linux RTAI

@

electronics

kernel modules

ACS software

cppContainer

Backpanel
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Quimal Project Status

Duracion Monto Monto
Nombre Nombre Proyecto | ynstituciéon Tipo de adjudicado adjudicado
IR proyecto Patrocinante | postulacién

Monto
adjudicado

Total

Adjudicado | '

Folio

Explore Universidad Institucional
alternatives de la Frontera $157.358.940 | $42.640.000 $199.998.940

and design

Patricio
UIMAL190009 the next
Q Galeas | generation

real-time
control
system for
the
observatories

Marcos | cuybesat
QUIMAL190004 | Diaz space
Quezada telescope 3 $136.000.000 | $63.200.000 $500.000 $199.700.000
designed to
protect our
dark night
skies

TOTAL $293.358.940 | $105.840.000 | $500.000 $399.698.940
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Control Buses Comparison

Comparison Table

EtherCAT CAN-Bus RS232 RS485
Speed/Cable | 100 Mbps at 100 m 1 Mbps at 40 m from 19,200 bps at 15 m 1 Mbps at 120 m from
Length between two nodes for full the start to end from the start to end the start to end
speed nodes nodes nodes
Cable Daisy Chain, Point-to- Daisy Chain Point-to-Point Daisy Chain, Point-
Topology Point, Combination of the to-Point
above
Max Number | 65535 128 1 32
of Nodes
Open Source | Yes Most of CANOpen is | No predetermined No predetermined
Software proprietary protocol protocol .
Required Regular Ethernet adapter  PCI, USB, IC-type PCI, USB, IC-type PCI, USB, IC-type “"ﬂf
Hardware at interface interface interface T =
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ACS ALMA EtherCAT-CAN Coupler
(Linux) 0

New Architecture

|suedyoeg .

oiloz b
cppConainer Use Cases to be implemented:
’_
S use case 1) ALMA OPCUA Hardware Device
()
OPC UA £ driver and EtherCAT master (ex ABM)

-

Digital 1/0
Analog I/O
X module
Y module
Z module

Servo Control

use case 2) EtherCAT Coupler for ALMA
current CAN bus device

EtherCAT Coupler With Customized Electronics use case 3) COTS EtherCAT Coupler with
EtherCAT ..
Master 4) uController dlgltal, analog 1/0.
(Windows) cUst\mzed

electronics
(Raspberry
Pi)

use case 4) EtherCAT Coupler with

customized electronic of new hardware
related to the ALMA-2030 initiative.

i

EtherCAT

EtherCat Coupler With Proprietary Internal Bus

use case 5) EtherCAT coupler to interface
proprietary bus

Proprietary Bus

th o o
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Physical Setup

o

Router Cloud

a) VM CentOS7 Windows 10 Pro

+ACS + TwinCAT
Engineering

d) ALMA
AMBSI

¢) Infineon XMC 4800 board

b) Beckhoff CX2030

Laptop XEON
Ubuntu 18.04 LTS
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M&C Message Flow

SNONN ,

p—
PC OPC UA message
with Beckhoff CX-2030
ALMA Common with TwinCAT
Software OPC UA Response
- )

| N

<59:559LU 1voi=yl3
N ()

(=)
EtherEAfr resp

| e Tl | Y\ N\ N
ALMA Network m T 17 T INSTSS
~ 3 N
S
CAN message
Infineon 4 g Hardwgre
XMC-4800 E Device

CAN Response

P

RO
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M&C Message Flow

=-5001:0 ALMA_CAN_Device1l >6<
5001:01 AMBSI_SERIAL_NUMBER RO Oxe70008027e4fe110
5001:02 AMBIENT_TEMPERATURE RO 0x100F0046 (269418566)
5001:03 PROTOCOL_REV_LEVEL RO 0x00000000 (0)
5001:04 CAN_ERROR RO (x00000000 (0)
5001:05 TRANS_NUM RO 0x64000000 (1677721600)
5001:06 SW_REV_LEVEL RO (x00000002 (2)

Calculate current

state
Dispatch command (monitoring/control)

OPC UA Corlntrol state
Request Command
L— ] 1 | Control Commands ——
Command .
Monitor >
Command Send SDO request Restijgst—-'
[——> EtherCAT slave
OPC UA Server Command \
- - 2 Moniter_Commands ——1
OPC UA s5DO
notification Response

Send AMB AMB Respons Proccess SDO
command response P Response .
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Subindex: 01 mean: 197.76 | std: 6.92
2 g0 | et e 0y = 5001:0 ALMA_CAN_Device1 >6¢
3 i SRR g 200 5001:01 AMBSI_SERIAL_NUMBER RO (xe70008027e4fe 110
3 R e, | Swoq 5001:02 AMBIENT_TEMPERATURE RO 0x100F0046 (269418566)
150 1, = ol S P9 T A N N — 5001:03 PROTOCOL_REV_LEVEL RO (00000000 (0)
0 2000 4000 6000 8000 10000 150 160 170 180 190 200 210 5001:04 CAN ERROR RO 0x00000000 (0)
n Total time - us = =
Subindex: 02 mean: 398.32 | std: 8.71 5001:05 TRANS_NUM RO 064000000 (1677721600)
5 o | BT optithe 2 2000 oo 5001:06 SW_REV_LEVEL RO 0x00000002 (2)
E' 400 1 {GISEie s U g w»e RO =
S 3751 R 3 100
Emolstwmoamies mpee| "0
o 2000 4000 6000 8000 10000 360 380 400
n Total time - us
Subindex: 03 mean: 197 23 | std: 8.16
3 afe R’Df’:"{v o Seloroug, . cowon®,
E-zoo- o S‘-iw:‘»iﬁa@*ﬁ‘s*‘ S £ 200
= 8 . : :
2ol . s * Test: send 10000 messages defined in
T T T 0 T T
o 2000 4000 6000 8000 10000 160 180 200 .
" ot time - us the OD of a hardware device
Subindex: 04 mean: 397.56 | std: 9.98
2 BT o uhe Serr e o] ARIRRRA ] . .
2 oo ERCRER || ™  Time of fly were extracted analyzing
S 5
= 375 3 100 1 . .
Baol ogioo¥etle | Smes| | TCP packages by using Wireshark.
0 2000 4000 6000 8000 10000 350 360 370 380 390 400 410

Subinc?ex 05 mean:thaI?f;TI :tsd 3.53 ° SUb_indeX 1I3 : 200 us

w
=. ]l 22ne.. R e e rf'freqﬁ»v‘»,—v" o ST 200 .
; o Besmenduliniens | * Sub-index 2,4 : 400 uS
= 375 . 3 100 -
=
= 350 : : S 0 - -

0 2000 4000 6000 8000 10000 360 380 400

n Total time - us
Subindex: 06 200 mean: 196.03 | std: 11.48

g ] m'fﬁg‘.mf'ﬁn o SO RPER 0
2 200 \;.-‘\ LA »,;.‘wi’&o, -
£ 175 g 208 ‘
= e
S 150 1 "ﬁ""’}-’g "\ * “:“?"' ‘HH\ N

0 N T
0 2000 4000 6000 8000 10000 160 180
n Total time - us
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Conclusion & Future Works

* A tentative alternative based on COTS hardware is presented to solve the
obsolescence problem of the existing Realtime Computer.

 Demonstrated that EtherCAT is a suitable protocol to replace the existing fieldbus
based on a customized version of CAN protocol.
* SDO structure suits to the purpose of monitoring and control, but PDO could
allow more performance (under investigation).

* This architecture also fulfills the possible scenarios of new systems that may come
with ALMA2030 initiatives.

e XMC-4800 is a very versatile micro-controller (120MHz), and the feature of MultiCAN
suits perfectly to replace the existing ABM with 5 independent CAN buses. We also
want to test other brand of ESC: Tl Sitara AM335x, Microchip 9254, etc.



Questions?

National Astronomical
Observatory of Japan
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