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EPICS VME/ControlNet Interface ZSNS

Johnny Tang

Brookhaven National Laboratory

Subjects will be covered in this talk:
» ControlNet characteristics

 VME/ControlNet interface module features

* EPICS ControlNet support software

* The benefits to EPICS users
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ControlNet CharacteristicS — the protocol ZSNS
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0 An open network for real-time control applications, represented by ControlNet
International, Ltd. (www.controlnet.org) - an organization of Vendors (55+) and Users
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ControlNet CharacteristiCS — the Media Access

method SNS
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« Determinism and Repeatability guaranteed by the media access algorithm

. There are two types of data moved on most control system
- time-critical : real-time control data updates, peer to peer I/O interlocking

- non-time-critical : connection establishment, peer to peer explicit messaging

. It's desirable that real time control 1/O is not impacted by the non-time-
critical data transfers — priority scheme is necessary to accomplish this

. Media Access Algorithms employed for the networks

- DeviceNet uses CSMA/NBA (Carrier Sense Multiple Access
w/Nondestructive Bitwise Arbitration)

- ControlNet uses CTDMA (Concurrent Time Domain Multiple Access)

a time-slice algorithm which provides determinism and repeatability

- Ethernet uses CSMA/CD (Carrier Sense Multiple Access w/Collision
Detection)
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ControlNet CharacteristicS — cTbMA Definitions ZSNS
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&« Concurrent Time Domain Multiple Access (CTDMA)

. Bandwidth is allocated based on the time critical nature of the data to be
transmitted (Priority)

. A time slice algorithm to ensure each node has one opportunity per NUT
to “talk”
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ControlNet CharacteristiCS — the data transfer method ZSNS
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<« Based on Producer / Consumer Model (NOT source/destination model)

. A Producer is a sender of data
- Producers transmit data (Lpackets) on the wire
. A Consumer is a receiver of data

- Any and all interested consumers can pick a particular Lpacket off the
wire by filtering on the Identifier (CID)

< ControlNet Packet Structure (MAC Frame) >
Preamble| Start Source CRC End
(16 bit) Delimiter | MAC ID 0 — 510 Bytes (16 bit Delimiter
(8 bit) (16 bit) (8 bit)

DeviceNet: 8 byte frame
Lpacket | Lpacket Lpacket

EtherNet: 1500 byte frame

« Each Lpacket may
go to a different node
on the network

size control CID Link Data
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VME/ControlNet Interface Module — features
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ControlNet VME Interface Card Hardware Specifications VME spﬁiﬁﬂﬂﬁﬂﬂi
Part Number: 5136-CN-VME o Intel i960 32-bit RISC 30 Mh2 pMocessor
. + Size: double height (6U}, single width card
The SST Controliet card connects your VHE bus . using P1 connector compatible with ANSITEEE
Coampsalsr Lo Comtyol Nt # 5
+ Sarial r.‘.i.'nlll‘h_.]umtlm I.HJIT. 1014
+ Capabilities:

o Wemory; SD16, SD08 {ED}, SD24
v Byte ordering is software selectable

Ir-rilu:llng mnnrrﬂ;lfﬂ withaout )
Intervention from (9640 processos 0 Registers: SDOB(0), SA16

+ Addressing:

0 Standard: 16 Kbytes on any 16 Kbyte
boundary, or 512 Kbytes on any 512

¢ 2 BNC Connechws
o Controllet medundany implamented In

Applications

an ControlNet 1,0

& Exchange data with othar PLCs and doNcos hardware on interface card Kh}'tﬂ hl:lundﬂr'f

ower Conbrol et " L 3

Eonbacel ML computais channel o Short; 32 bytes on any 32 byte boundary
5126-50-VME DH+ Emulabion o Interrupts:;

0 Supports standand PCCOC moesaing
Poivasr s vty 400 Sl @ SV o Software selected 1-7, or none
Operational temperature: 0 to 50C (32 to 1220 0 Software set 8 bt status/10 register
F)
- - - Storage temperature: -25 o 70C (-13 o 158° 0 Release on EC|{H€IH|B.’]QE [P.ﬂ.ﬂﬂ]
messaging, scanner and adapter F
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VME/ControlNet EPICS Suppor

t — Design & Issues
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« Utilizing Shared RAM Application Interface for EPICS support module

Fage Page [ ottt Diescription Fage Fage Oifset Descriplion
Mumbar W bes Jhax] I LT I LTy {max)
(dacimaly | [he=) jdecimal] | {hax])
1] ] e L] g Usasr Inlertaces - Feter o sechos | 13 [n] 34000 Fie recenme arsa
22
S0 IE rrasiation 14 E 38000 Fie mceve anea
Coorrirolbint | m rfacs 15 F IC000 Fie meane area
—
i 1 Q200 R5Linx hmiarface 16 10 S0000 Scheduled data area Fx
2 2 2E000 Scheduied conneciion configuraton 1T 11 L4000 Scheduled data ares R
DispECt FTSLEN s
e — ] =, 12 SRO00 Scheaduled dalkas arsa Ty
] 3 PCo0D Ly e S P Sl Uy PiesChad
antrl biochs 14 13 AC000 Scheduled dala arsa Tx
& Al 10000 Co0 Parmmeter Dats Ares (used tsr 20 14 500040 Unschedulesd message bulfers
ﬁmt:luhn;l'hmnﬂﬂﬂh_mm 1 15 54000 Linscheduled message buffers
5 g 1000 o0 Parameter Data Area [used for =2 16 2>H00] Linscnedussd message baflers
variabie length dala in CONM_CHNTRL 23 17 SCO00 Linschedulsd message buffers
blocks)
24 - and Resarasd
B [ -] 16000 mscmedied Fatn Dale Area
T T 10000 Lngas=endiyied Falh Dala Ansa
8 B 20000 Fie serd area  PLE 5 mm emmion @ Monitoring VME module status (page 0)
a B 2000 File sand araa’ PLE 5 file smulaboe
o A 28000 Fie send sem FLC s 0e emumon @ Get scheduled connection configuration (page 2)
i B 20000 File sand srea’ PLC 5 Ske amuksios
LIF c 30S00

Trp——— @ Real-time I/O (page 16-19)
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VME/ControlNet EPICS SUppOI’t — Design & Issues (2)
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Endian Issues

L)

- Power PC processors and VMEbus are inherently big-endian, while the ControlNet is
inherently little-endian

- The module supports 2 bytes correction which takes care of most of IO modules today, while
the driver takes care of up and low word swap for longs or floats for ControlLogix processors (4

bytes)

& Contention Issues

- Both IOC and VME ControlNet Scanner may access same location of the RAM at one time
- Interlocking RAM access will hurt the performance (it can be an option for some applications)

- IOC twice consecutive reading verification is used to avoid contention.

< IOC bump less reboot or VME power reset Issues

- sending triggers to VME ControlNet module on I0C init: disable connections, set to scan
and run mode, restore data in shared RAM, enable connections

- configure remote 1/0O modules “hold data when lost communication and in program mode

Accelerator Controls  Ep|CS Collaboration Meeting @ ORNL Nov 2000 BROOKIERATEN

MATIFN A S5 BOFEREATORY



VME/ControlNet EPICS Support — Design & Issues (3)
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&  EPICS record address and management Issues
- When number of records in an application goes up to hundreds or even few thousands, tools
are needed to help EPICS record hardware address management which could impact on the
reliability and the flexibility of a control system

- It's not practical to map one record to one connection since the number of connections for a
scanner is limited. It is not efficient way to utilize the bandwidth.

- Mapping a group of records to one connection requires record-to-RAM-offset mapping.

- SST ControlNet configuration tool produces record-to-RAM-offset map which can be
imported into a configuration database. A tool, like JLAB'’s “db2hw”, can be used to fill up
DTYP, INP and OUT fields of an application database template by querying the configuration
database
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VME/ControlNet EPICS Support — Address Mapping ZSNS

I'sineg VAME ControiNer EPICSN Support

1. Configure |
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VME/ControlNet EPICS Support — product
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VME/ControlNet EPICS Support — product (2) :SNS

http://www.sns.bnl.gov/epics/cnet
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VME/ControlNet EPICS Support — conclusions ZSNS
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Benefits to EPICS users:

With the EPICS VME/ControlNet interface support module,

E AVME IOC is now able to engage a real-time application via an open,
real-time industrial network

E AVME IOC is now able to perform peer-to-peer interlocking at 2ms
deterministic rate

E A VME IOC is now able to remotely scan FLEX 10 or 1771-10 modules
via ControlNet with a faster rate as an alternative option

E A VME IOC is now able to communicate with PLC5 or ControlLogix5550
with at least 200 words data block at 2ms update rate
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