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Agenda

1. CompactRIO Waveform Reference Library
2. Acquisition Modes and DMA Transfers

3. CompactRIO Streaming Benchmarks

4.  Demo

5. Customizing the FPGA VI

6. Heterogeneous Acquisitions

y NATIONAL

INSTRUMENTS



Waveform Data

 Fundamental to DSA applications
» Waveform logging applications require cRIO
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Key Concepts and Considerations

1. CompactRIO resources are limited
« Memory and CPU must be managed on both FPGA and RT

2. Mixed signal acquisitions
 Vibration, temperature, current, tachometer, pressure, strain

3. Different acquisition modes
 Finite/continuous

4. Adequate error checking is crucial
Buffer overflow, buffer underflow, timeouts, etc.

y NATIONAL

INSTRUMENTS



CompactRIO Waveform Library for 2011
« Found on the LabVIEW Functions Palette

Examples

Configuration

Acquisition [
Control
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CompactRIO Waveform Reference Library

HHHHHH
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Channel
Configuration

Timing
Configuration

Buffer
Configuration
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Start Acquisition

Read Data

Stop Acquisition
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Buffer Configuration

Dynamic FPGA Ref Dynamic FPGA Ref Out
(o0 5 p ] TS ey M|
error in “DatalU32.Configure | | Datal32.5tart | §  Errorout
[ S & oo - Depth |} ==
Buffer Size [Total Samples]
—|:ﬁ:: FOEZ
Buffer Size [Samps per Chan] : :l

d-b |Nurr1|;:|er of Channels

Sampling InfoIn | Sampling Info Out
Fo e Bt
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Sample Rate 51,2k_N
[

CompactRIO Waveform Example

W' aveform Acquisition Loop

Configure Start

Acquisition

LD W SEL *

Read Data
Block
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Target-to-Host Transfer — Finite

Data Element

W Daka

Wit R wrr—f
n $ Flement &b
B A Modi[A105 & Timeout EEES

Timed Qut? M- 10 WFm SEL ™

] —

Field-Programmable Real-Time Buffer
Gate Array (FPGA) FIFO
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Finite Acquisition

Sample Rate 51.2k_M

Samps per Chan
Zhannel Info
[ ||+ [ H R0 WFH nlll\:lﬁ:gl 1
n T " us B
{ i Reset 1 Ak | Eey
FPGA Target 10 WiFm SGEL 'I

— ﬁ A\ I\

* Real-time buffer size
exactly equal to acquisition

length * Begin acquisition

 Read one (and onl y) data block
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Target-to-Host Transfer — Continuous

Data Element

Whrin Daka
®ud Datal32 41" :
Write Fl0 WFH :
n S Flement —Ie
By todljarof 3 Timeout p— e
Timed Qut? M- 10 WFm SEL ™

e

FPGAFIFO Real-Time Buffer
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Continuous Acquisition

Sample Rate 51.2k_N

| [ ﬂ
Samps per Chan b
| nzﬂ
Channel Info
JE .4 O Fal n.g..
x " [ I
Resst | | = = ety
10 W SGL

Real-time buffer size ~5 -10

times larger than acquisition
length * Bewareof overflows

* Begin acquisition

» Read one data block
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Continuous Acquisition — Buffer Overflow

Data Element  commmmms

I ]

Error -5002 occurred ak rwfm_Readipoly).vi

- Possible reasonis): —
- FPiza DM Owverflaw:  This error occurs iF the haosk
application cannok keep up with the DM& transfer and the

aka

RT data buffer completely fills up, Lower your sample rate,
increase your samples ta read, reduce wour CPU usage, ar
awitch bo a finite acquisition.,
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Performance

FXP to Floating Point Conversion:

On FPGA

B sk Datallzz 4k =

Wirike

) —Fagr—F  Element

4 Tirneoukt
FXP ﬁ Timed Ouk?  w

U32 Encoded as SGL

In Read VI

ﬁ wep E -
Datal3z, Read

—f» Mumber of Elements -0

P Timeouk {ms)

Data O ——— i [ |:>

Elements Remaining » ﬁ SGL
U32 Encoded as/}GL

A typecast from U32 to SGL is 40% faster in real-time than a
conversion from FXP to SGL
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Performance
The "Read” VI Is Polymorphic

1D Wim SGL 2D SGL Array 1D U32 Array

YW'frn Data Datka Data
e
- MW |REM2WFH
L) 65 65
10 W Sl v|| 2D Scaled SEL ~| [1D Scaled U3z ||

) Performance
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S
Benchmarks at fs = 51.2 kS/s

400 MHZ NI cRIO-9014 Old Channels New Channels

By Cont Wfm to TDMS 8 1.64
Cont 1D U32 to Binary 17 3.48
Cont Wfm over TCP/IP 11 2.25

533 MHZ NI cRI0-9022 Channels Throughput (MB/s)
| ey 7 Cont Wfm to TDMS 10 2.05
ZEJ . Cont 1D U32 to Binary 25 5.12
5 Cont Wfm over TCP/IP 16 3.28

NI cR10-9024 Channels Throughput (MB/s)
Cont Wfm to TDMS 15 3.07
Cont 1D U32 to Binary 36 7.37
Cont Wfm over TCP/IP 29 5.94
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Vibration Data Logger

Graph on Screen
Triggered Data Logging
FTP Files Off

TCP Data Streaming
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DEMO
» FPGA Acquisition Streamed to Real-Time Host

ioe 0%

Tachometer
§- ; @ e a
3 XAccelerometer | o | ® o ®
@’ 1
E Y Accelerometer h@, 0%
®  coctiA °
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TCP/IP Communication

‘T NATIONAL
, INSTRUMENTS




Agenda

1. CompactRIO Waveform Reference Library
2. Acquisition Modes and DMA Transfers

3. CompactRIO Streaming Benchmarks

4. Demo

5. Customizing the FPGA VI

6. Heterogeneous Acquisitions

7 NATIONAL
¥

INSTRUMENTS



FPGA VI: Some Assembly Required

- Deltasigma_Acq O] x|
File Edit “ew Project Operate Tools Window Help
"H S| % el bk [E-e o

Items | Files |

=] Eg, Project: DeltaSigma_Acguisition. lvproj
= E ty Cormputer

[ =T+ ;
- = Dependencies

. & Buid Specifications
=} [3, cRIO-9074 (10.0.15.149) | CompaCtRIO Ta rget
B [ RT Templates (DS)
L. [l [RT]Cont Acq (DS).vi
.. jmel, [RT]Cont Acq wPause (DS).vi \
. [l [RT]Finite Acq (DS).vi G R |_T E |
> Lﬂ, [RT] Finite Acq wRearm(DS).vi ea I m e Xa m p eS
. .. [ml [RT]Finite Acg wiubset Reads(DS).vi
=" - Chassis (cRIO-9074)
B {8 FPGA Target (RIOD, cRIC-9074)
- [__,I Chassis Ij0 G“ "
65 o FPGA VI “Template

=3 [[J FPGA Files to Move

.. [l [FPGA] DeltaSig Main.vi e ) ' '

. (7} Custamizing the FPGA VIs.pdf ¢ C Sto r r I at O P D F
: L JI Datalzz I u IZ I n

- 40 MHz Cnboard Clock,

. 0 Modt (Slat 1, NI 9234) R DMA Channel

|»

= =
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NI C Series Hardware

“SAR” Modules
* Use “Successive Approximate Register” ADCs

* ADCs are lower latency, simpler to implement, and have
less resolution

“Delta Sigma” Modules
* Use Delta Sigma ADCs

 ADCs have higher dynamic range and built-in
antialiasing filters, but also group delays (high latency)
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You Must Know Module Type

Delta Sigma

Sample Rate (Sokjh) Sample Rate (51.2K)
|5I2Ik,l'tes | |51.2k,l'ates |
NI 9227 NI 9234 NI 9201
NI 9235 NI 9215
NI 9237 NI 9221
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Timing the FPGA VI — SAR

* Externally Timed Modules

While Loop Rate = Sample Rate

SpeCIfy EMMDdl,I'P.IDE.
Sample Rate =) | s
. By Mod 14138

By Ticks

Loop Timer
Times the While Loop
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Timing the FPGA VI - Delta Sigma
+ Self Timed Modules

While Loop Rate = Sample Rate

Specify
Sample Rate FPGA I/0O Node
By Enum Times the While Loop
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Adding the DMA Channel

Delta Sigma FPGA VI and SAR FPGA VI have similarly structured
FPGA 1/0O Nodes

Q

Q]

o o

= w8 Pipelined Data Array

o :n.nM.:.dup.nE R _

— N

= Check for
2 errors and stop
() "

= conditions
©

N

Convert and push data to DMA
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FPGA VI: Acquisition Loop

Acquire one point per channel

// op Ticks
'ﬂ Chan Courk
:|> ............................................
Set/measure
loop rate
N OOoOooooooooooo m’ DA FIFO Full
m@ Viodule Linderfious
& L D T o
inike Samples G _

Scale, convert, and push onto DMA FIF

Error checking and stop conditions

y NATIONAL

INSTRUMENTS



FPGA VI: What Do | Have to Change?
1. Expand Channels

B an Mod1 /A0S T
Ban Modizan S| 118

i e
2. Change this constant

Chan Scale Array
(FXP )

3. Add data rate and start/top nodes (Delta-Sigma
only)

.=! 4
=71 U Modt jStart ®
B Madz skart B
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High-Speed and Low-Speed Acquisition
Two DMA Channels

Low-Speed Analog Input
via NI Scan Engine

O ms

l High-Speed Analog Input
= via CompactRIO

Waveform Reference
One DMA Channel Library
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DMA With Scan Engine

e | e | Module Location in Project Determines

= Eg, Project: Getting Started - SHM. vproj

B B My Computer \

. -5 Dependencies F P G A S O p t

'-i_ Build Specifications Or Can e ra IO n

E- [}, RT Target (10.0.18.193)
B (@ [Shared] Main Subyls
|;il, [RT] Continuous Acg. i

B @ Chassis (cRIO-0074)

_ y - NI'9211 (thermocouple) is
TP directly under “Chassis’

LRk AN
LRk ALz
e

....

HE Y

[__.I :\th.:'sisis Lo

é FIIFEF‘?EEA]D ItaSig Main, vi ' .

;DEIH;?T{?;E | NI 9234 (vibration) and NI 9237
W e s sz (strain) are under “FPGA Target”

_4:"_' Dependencies
= +% Build Specifications
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What About DSA and SAR Together?

Recall the Delta Sigma Acquisition Method:

DataRate  [n =% Modl AR, [l n
[&]-|5 v rodtjstop®

b
[bs8—+ DataRate ___I[E‘nmmdusrart“

FPGA I/0O Node
Times the While Loop

...and the SAR
Modules

n n
B modi At =
B rodifan Bl M 18H ata
B rod1 /128 | = FFxF]
o-|FH
O--+L 0

By Modifalsh

[}
o

n n
B Modzfalnd
B modzfall i
B modzfazl
B modzfalsh
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Summary

* Abstracts FPGA
Automatic Error Handling
Reduced CPU Load
Don't Start From Scratch
Common Architecture
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Documentation

Developer Zone: CompactRIO Waveform Acquisition Reference
Library

ni.com or Google search terms: crio waveform
http://zone.ni.com/devzone/cda/epd/p/id/6206

« Download CompactRIO Waveform Library

* Download includes examples for both Delta Sigma and SAR
architectures

* Download includes documentation on each VI and instructions on
how to modify the FPGA

« Dev Zone includes more detailed benchmarks on stream to disk
and streaming over TCP/IP
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http%253A%252F%252Fzone.ni.com%252Fdevzone%252Fcda%252Fepd%252Fp%252Fid%252F6206

Download

Waveform Graph
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e LabVIEW

R
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