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NI CompactRIO Embedded System Architecture
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Reconfigurable FPGA

Real-Time Processor

Real-Time
Controller

Industrial /0 .
Modules Connectivity = 4 gitioning

‘Industrial I/O Modules with built-in signal conditioning for direct connection to
industrial sensors/actuators
‘Reconfigurable FPGA for high-speed and custom 1/O timing, triggering, processing, control

*Real-Time Processor for deterministic, stand-alone operation and advanced analysis
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Standard Embedded RIO Architecture
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Conditioning
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Compact FieldPoint

. Analog and Digital 1/O

. Industrial Specs: -40 to 70 °C, 50g
shock, 59 vibration

. Easy to Use

. Complex Control Applications

. Embedded Data Logging

. Built-in Web Server

. Custom Algorithms and Advanced Math

. Control of External Devices via Serial or
Ethernet

. Integration with Enterprise Systems
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Software Development

Development P vaérks®

WIND RIVER

LabVIEW Realtime
LabVIEW FPGA
LabWindows/CVI| Realtime

Deployment
[' of
L'U K. ».‘.
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Communication

Profibus

Ethernet

Module Development Kit
NATIONAL

INSTRUMENTS




Agenda

Ethernet:

« TCP/IP, UDP

+ Simple protocols
+ Shared variables
+ Web Services

« Serial
« CAN
* Industrial buses
« CANopen
* Ethernet/IP
* Profibus/ProfiNet
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Ethernet

* 1000+m
» 10/100/1000 Mb/s

» Real-time implementation available (Ethercat,
ProfiNet, Ethernet/IP, TTP...)

» Widely adopted
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TCP IEI
| 4 I C{,Svaarr:h I % Customize™ I

= TCF T TCF) e TCF [EE.TeF TCP
[CP/IP UDP -
TCP Listen.wvi TCP Open C... TCP Read TCP Write  TCP Close C...

= ~F 52 TCF
ETR_IP L
» RT support c 2 b

IP To String String ToIP  Resolve Mac... TCP Create L... TCP Wait On...

» Examples &

Data Client.vi | 14 I (&, Search I &, Customize™ |

Data Server.vi
e UDF . |.|I:|I:"F‘ e HOF b= LCF] = UDF
= =i = Ei= =
E E

UDP Open  UDP Multica...  UDP Read LUDP Write UDP Close

EIEIEI

=

=

DateServerllsingReentrantRun.vi
DateServerllsingStartfsynchronousCallvi
Distributed Clients.lvproj

Host Receiver.vi

Listen and Acknowledge Commands.vi
Multiple Connections - Client 1.vi
Multiple Connections - Client 2,vi
Multiple Connections - Serverwvi

Mamed Service TCP Client.vi

Mamed Service TCP Server.vi

Mamed Service UDP Client.vi

Marned Service UDP Servervi

Simple Data Client.vi

Simple Data Server.vi

5TM Basic Client Examplewvi

5TM Basic Server Examplevi

5TM Command Based Example - Client.vi
5TM Command Based Example - Server
(RT)wi

5TM Command Based Example - Server.vi
Target Sender.vi

TCP Communicator - Activewi

TCP Communicator - Passivewvi

UDP Multicast Receiver.vi

lelelvivillvivivivietalvivlviviglolel s
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Simple TCP/IP Messaging Protocol (STM)

NI developed

Pre-negotiated message definitions (size, data type,
D) -metadata

-ides the transport layer (TCP/IP, UDP, etc)

iImplementation details

Minimizes network traffic

Message data is sent as a string or byte stream
Supports many data types

C++ client available
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Meszages as defined

in the Meta data

/N

|RandomData|  [iteration |-

/

Send messages

Retrieve reference

TCF

Wait for client
connection

Send the
Meta data

Client

Establish
connection

Convert data
to Strings

Check for
TCP timeout

One case per
message defined in
the Meta data

Read the
Meta data

Read incoming
message

lgnore the closed error because the client
should ideally be in charge of closing the
connection, therefore exiting on a connection

clorad arrar ir svnartad hahaine

Connection closed ¥

6]

TCF| t
== error ou
e

Consider the Connection closed error a warning

Retrieve reference
and close

since it indicates that the server closed the
connection, which is allowed. but not ideal.

Connection closed 'I

error out

Convert data to
appropriate tvpe

r Bl N Il“l‘lum



Modbus

» Master/Slave architecture
 Supports: Serial, Ethernet
o LabVIEW library (RT, Windows, Linux)

Serial
Examples
A A

Client

Initiate request

o View ™

e| Imastr| |5, )
&8 | |6

Function code | Data Request —
: e a mastr
Perform Action
Initiate response "
Function code | Data Request TCP
/ Examples
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Shared Variable Engine

[@RT rcquine
B ta o
>

LabVIEW

MStudio

OPC Client )

Shared Variable Engine

Hardware 1/0 Scan

cFP

J
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Shared Variable Types

* Single-Process

= Use instead of Global Variable [,[®snge-process <

* Network-Published
= Available to any node

4
ﬁetwnrk-F‘uhlished X e 4 12000

Windows & Realtime
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Web Services in LabVIEW

Web Server

No

Windows and Real-Time

Standard http protocol

Custom web clients
runtime engine needed

Firewall friendly A

.
Giient |__Lvew || Thin Client
¥ ¥ 5 . ¥ :
RESTHul [ Web Server
: ¥ I ¥ 2
HTTP [ HTTP
& )
— ¥ : X ¥
TCP | Tcp
- X M .. y
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Agenda

« TCP/IP, UDP
« Simple protocols
« Shared variables
 Web Services

OPC
» OPC-UA

« Serial
« CAN
* Industrial buses
« CANopen
* Ethernet/IP
* Profibus/ProfiNet
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Typical Distributed System Layout

4 Deployment Targets

Proprietary Protocols
PROFIBUS
EtherNET IP
DeviceNet
RSLinx

“Open” Protocols
Modbus

OPC Clssic
OPC UA




What does an OPC Classic system look like?
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OPC Unified Architecture (OPC UA)

» Operating system independent

= Removed Microsoft dependence
DCOM settings

* |mproved security
= Use standard X.509 certificates
= Encryption

=
(A My
SECVENFCTT
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What does an OPC UA system look like?

OPCUA @

4 O‘ Search | 2%, Customize~ l

OPC UA Client OPC UA Serve

EEE
‘wa.bc

'=--
ModeMameh... ModePathTo.
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« TCP/IP, UDP
« Simple protocols
« Shared variables
 Web Services

« OPC-UA

EPICS

« Serial
« CAN
* Industrial buses
« CANopen
* Ethernet/IP
* Profibus/ProfiNet
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EPICS

» The EPICS CA Server and EPICS CA Client are
implemented as plug-ins to the /O Server

* |n both cases the interface in LabVIEW is
implemented via the Shared Variable

" ¥4 Shared Variables ,':
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Architecture

Network Traffic (Channel Access protocol)

Channel Access | sequencer
Protocol Server (Finite State Machine)

EPICS Database

Database
Engine

Hardware

LV EPICS Server
I/0 Server

()

LabVIEW Shared Variable Engine

LabVIEW Application




LabVIEW EPICS CA Server/Client

‘P! Project Explorer - mcor project2.lvproj

File Edit Yiew Project Operabe Tools Window Help

' ST EC=
* Runs on LabVIEW for Windows and e
. E- @;1, Project: mcor project2,lvproj -

LabVIEW Real-Time

* Implemented as an I/O Server

- Build Specifications

VI
wirtual Folder

+ Interfaced via Shared Variable , e

» Provides Channel Access functionality only T N

arrange by » J
. Expand All
L P t " Collapss Al
rogrammaltiC aCCessS Y
rm 79 . Remove from Project LI
Rename. .. Fz
Help. ..
Properties
EPICS Client EPICS Server (5]
| {} I q 5 h I | 4 I QSearch I £k, Customize™ I
EALE ! Configure EPICS Server I/0 Server
EE RS B
LT B A ds PY Prefix Access Type  Yariable Path DataType -|
ES Create EPICS... Deploy EPIC... Undeploy EP... MCORO1:Crate:OK Read Only NI-cRIO9072-0130317A1Crate: OK Boolean
S S S S MCORO1:Crate:Enabled Read Only MNI-cRIO9072-0130317A\Crate:Enabled Boolean
Create EPICS... [ =] == Bz =] MCORO1:Crate:Fault Read Only MI-cRIO9072-0130317A|Crate:Fault Double
- Create PV.vi List P¥Wswvi Get PV Attrib...  Delete PVvi MCORD1:Crate:ExtInt Read Only NI-cRIO9072-01303174\Crate:ExtInt Boolean
+ B MCORO1:CHO:Feedback Read Only MI-cRIO9072-0130317ACHO:Feedback Double
 — C—1 - ;
. . . MCOR01:CHO:Monitor Read Only NI-cRIO9072-0130317ACHO:Monitor Double
Add Record.vi  List Records.vi Remove Rec... MCORO1:CHO:Fault Read Only NI-cRIO9072-0130317ACHO:Fault Boolean
02 02 O 02
= % = = ol — |
Add Field.wvi List Fields.wi  Get Field Attr... Remove Fiel... NATIONAL
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Shared Variable Data Type

Single
Double

Int8
Uint8
Int16
Uint16
Int32
Uint32
Boolean

String
Array of Single

Array of Double

Array of Boolean
Array of Int8
Array of Uint8
Array of Int16
Array of Uint16
Array of Int32
Array of Uint32

PV Type
DBF_FLOAT

DBF_DOUBLE

DBF_CHAR
DBF_UCHAR
DBF_SHORT
DBF_USHORT
DBF_LONG
DBF_ULONG
DBF_ENUM

DBF_String
DBF_FLOAT

DBF_DOUBLE

DBF_ENUM
DBF_CHAR
DBF_UCHAR
DBF_SHORT
DBF_USHORT
DBF_LONG
DBF_ULONG

Supported Data Types

Data Type Description
Single-precision floating-point number

Double-precision floating-point number

8-bit integer

Unsigned 8-bit integer
16-bit integer

Unsigned 16-bit integer
32-bit integer

Unsigned 32-bit integer
True or False logical value

PV Category

Numeric

Logical

A sequence of characters representing readable text String

Array of single-precision floating-point numbers

Array of double-precision floating-point numbers

Array of True or False logical values
Array of 8-bit integers

Array of unsigned 8-bit integers
Array of 16-bit integers

Array of unsigned 16-bit integers
Array of 32-bit integers

Array of unsigned 32-bit integers
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Available Fields

« EPICS CA Server

= On RT targets, the EPICS CA Server only allows you to
set the VAL field

= On Windows, when using alarming with LabVIEW DSC,
the corresponding fields (HIHI, HHSV, SEVR, etc.) are

supported

« EPICS CA Client

= Any field can be accessed, but a Shared Variable will
have to be created per field
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Deployment

» To a Real-Time target (PXI, cRIO, sbRIO)
= Requires that the EPICS CA Server support is included

» To a Windows target
= Requires the LabVIEW DSC run-time engine, or

= Requires a full copy of LabVIEW DSC
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|OC Server on CompactRIO

Network Traffic

(Channel Access Protocol)

Channel Access | Sequencer
Protocol Server (Finite State Machine)

Publishes values from the Reads values from the
database onto the network database to drive state
using Channel Access changes in the IOC

protocol. control application.

EPICS Database Shared Memory

Engine rate is 10 Hz. Application

Data base Write I/0 values to Lab\" EW
database. Default update




Embedding EPICS IOC on CompactRIO

» EPICS I0OC and LabVIEW Real-Time running
simultaneously

» Take advantage of FPGA platform with CompactRIO

L LabVIEW J LabVIEW
)

Real-Time | &&= FPGA
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|OC Server on CompactRIO

» CompactRIO controller runs
VxWorks

mplemented via shared memory

nterface to hardware via
_LabVIEW RT and FPGA

» Can be used with Scan Mode e |
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Possible Implementation

» Create PVs programmatically and use an ini file to
modify the names of the PV's

» Each unique system can use the same application
where the only difference is a text file

[Prefix]
Prefix=NI
[RenamePv]
setPoint=setp
Temper ature=temp
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Agenda

« TCP/IP, UDP
« Simple protocols
« Shared variables
 Web Services

Communication buses

* Serial
« CAN
* Industrial buses
« CANopen
« Ethernet/IP
* Profibus/ProfiNet

NATIONAL
INSTRUMENTS




Serial

* cRIO: builtin RS-232
RS-232

4 RS232 (TIA/EIA-232) serial ports for CompactR
Baud rates from 14 b/s to 921.6 kb/s

Data bits: 5, 6, 7, 8; Stop bits: 1, 1.5, 2; Flow control: XON/OFF, RTS/CTS, None
Individual 64 B UART FIFO buffers per port

RS 485/422

4 RS485/RS422 (TIA/EIA-485/422) ports for CompactRIO
Baud rates from 14 baud to 3.684 Mbaud; -40 to 70 °C operating range

Data bits: 5, 6, 7, 8; Stop bits: 1, 1.5, 2; Flow control: XON/OFF, RTS/CTS, None
Individual 64 B UART FIFO buffers per port

Transceiver modes: 4-wire, 2-wire DTR controlled, 2-wire DTR controlled with echo, 2-wire auto
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CAN

Robust

2 leads

Cost effective

TMb/s (<40m)
Message prioritization

Alive signal by transmitting messages
every 100...1000m

Failure of one node doesn't affect other
nodes
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Transmitting Receiving
o pe n Device Device

R
« Based on CAN

CAN Data Link CAN Data Link |:
Layer Layer E

I I |

CAN Physical - CAN CAN Physical

» | D+ Data | [ ID + data |

< Y

« CANopen device

communication interface and protocol

software
object dictionary
process interface and application program

Communication Object Application
Interface Dictionary Process —

««— 1/0 signals

l—

—>
L Process

—>
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Ethernet/IP

Rockwell

EtherNet/IP Class 1 adapter support

Interact with objects in the Common Industrial Protocol (CIP) object module on an EtherNet/IP
device

EtherNet/IP

RSLogix 5000 - Eric_Test [1756-L61]* - [Controller Tags - Eric_Test{controller)]
File Edit View Search Logic Communications Tools Window Help

I T —

File Edit Wiew Project Operate Tools Window Help Aem Run A% M FunMode Path: |AE_DF1-1\1*

©|EI ||IN:|I'E'|I:|3 | 13pt Application Font = ” ;m‘l E‘l |e§"”j‘”ﬂ * Mo Forces »_| M Controller OK

7 Battery OK
No Edits 2 qu :rztﬂesponding ] ] \ = [ =
/

B EIP Demo.vi Block Diagram on EIP Demo. lvproj/NIWeekDemo *

scans

B[Error

M

1 |

=

100 ]
21

S

Svnichrod| |

192.1658.1.165,1,0

|

lIEIP Demo. vprojfMDweskDemo £

5 Contraller Eric_Tast

Scope: | [ Eric_Test - Shaw... Shaow All

Name & | Value

Contraller Tags
(23 Controller Faul: Handler
(23 Power-Up Handler
45 Tasks
=158 MainTask
+ - MainProgram
(23 Unscheduled Programs | Phases
5] Motion Groups
(3 Ungrouped Axes
3 Trends
5] Data Types
g user-Defined
= Cp strings
=L, Predefined
= g, Module-Defined
51 1/0 Configuration

I 3 1756 Backplane, 1756-A4
M4 107 1756-L61 Eric Test

+ EVS:0.Data[1]
+ Local:2:C
+ Local2:1
+ Local 3:C
+ Local:=:1
+ Local 0
+/ NI_System:C
+ NI_Syster:|
+ NI_System:0
+ SmartCameraC
+ SmartCameral
—-SmartCamera:0
+ SmartCamera:0.Data
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Profibus/ProfiNet

Siemens
PROFIBUS DP (Decentralized Periphery)

communication between the Controller level of a process automation system (PLC) and the
decentralized periphery in the field.

PROFIBUS PA (Process Automation)

Developed for the process industry
Communication and power supply to Transmitter and Positioners via one 2-wire cable

Supported services: DPV0 Master Class 1/2, DPV0 Slave
PROFIBUS DP RS485 baud rates from 9600 bits/s to 12Mb/s

ProfiNet module in development
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Ethercat: Deterministic Distributed Systems

Host Computer

Industrial embedded

Controller CompactRIO

4’ iF nrr]
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Comparison

TCP/IP, UDP Win, Linux, MacOS, RT, others
STM Win, Linux, MacOS, RT, others
Modbus Win, Linux, MacOS, RT, others
Shared Variables  Win, RT

Web Services Server: Win, RT Client: Win, Linux, MacOS, RT, others
OPC Win

OPC-UA Win, Linux, RT, others

EPICS IOC/CA Linux, Win, RT

CAN HW

Ethernet/IP Win, Linux, RT

Profibus HW
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Selection criterias

* Other systems to integrate
Performance

Distance

Real-time capability: control

Special: Safety, environment,...
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Questions?
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