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National Instruments -\VWWhat \\We Do

NI combines graphical programming software with
modular hardware, leveraging the latest technologies.

Low-Cost Modular Measurement Productive Software Highly Integrated
and Control Hardware Development Tools Systems Platforms
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Graphical System Design

A Platform-Based Approach for Measurement and Control

Test Monitor Embedded Control Cyber Physical
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i abVIEW

Desktops and PXl and Modular RIO and Open Connectivity
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NI Vision Platform
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Field Programmable Gate Array (FPGA)
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CONFIGURABLE LOGIC BLOCK (CLB)

-A semi-conductor device containing many gates (logic
devices)

-A wiring list downloaded to the FPGA determines the gate
connections and the functionality
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FPGAS

Interconnect Resources
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LabVIEW FPGA - Abstraction to the Pin

D4 FIFO ik

VHDL LabVIEW FPGA
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FPGA Image Processing
- High-speed control

Camera
LabVIEW FPGA
Inline Processing

Laser Alignment High-Speed

& Tracking Sorting

Camera
LabVIEW FPGA
Inline Processing

Opical Coherence
Tomography Inspection
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Pixel Processing Example - Threshold

Acquire

Threshold [ Host DMA U4 [+|

Acq Parameters
T

Threshold Range

Timer

~ NATIONAL
ni.com ’ INSTRUMENTS'




From Algorithm Design to Deployment

E#l MIVision Sssistant - Code Generation Target: NI cRIO-9068 E @

File Edit View Image <olor Grayscale Binary Machine Vision Identification Tools Help

% i%ﬂ (==} ﬁ‘) ;5) ;l)l'n =l 511._| Acquire Images Browse Images |Prntes§ Images ?
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Al | abVIEY FPGA VT Creation Wizard - Step 1 of 3

This wizard creates the LabVIEW FPGA code that implements your
Wision Assistant script.

Destination Folder

Ci\Marphology Test

‘ E Create LabYIEW Project Wision FPGA Project. lvproj
| Create Host VI WA Vision FPGA {Hast). vi
| Create FPGA Main Y1 v Vision FPGA (FPGA).vi

Enable Bayer Decoding

140718110202058.apd - RGB (32 bits) - 1280:x1024

Transfer Image Back to Host

FPGA Implementation Y Mame | IwA FPGA Image

Processing Functions: Image

Histogram: Counts the total number of o
pixels in each grayscale value and graphs it.

Brightness: Alkers the brightness, contrast,
and gamma of an image.

I Back I[ Next ][ Firiish I[ Cancel

1280x1024 1% 30,61,40 (221,62

Image Buffer: Stores images in buffers and Seript: ExtractBadge.vascr

retrigves them,

e « | X|B
Registers N 17 %
v pr| Imarpr,
e —=| === LuTS | 33 %
Original Image Calor Threshold 1 Basic Morphalogy 1 Basic Morphology 2 DSP4s M 9 %

EBlock RAMs I 19 %

Details
- |5 B
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NI'Vision FPGA Development Platform

Algorithm h‘

Engineering

‘Depoyment
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Algorithm Engineering using Vision Assistant

- Rapid prototyping and functional simulation

- Ability to combine IP to design and test
a Vision algorithm before compiling
the code

- Achieved by:
- Using Vision Assistant for fast prototyping and code generation
- FPGA Resources Estimation
- Automatic parallelization of code
- Synchronization of parallel streams (latency balancing etc.)

- Enforcing that all FPGA |IP produces the same result as the
corresponding VDM function call on the host
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Vision Assistant FPGA Code Generation

Fdll MIVision Assistant - Code Generation Target: NI cRIO-9068 EI@

File Edit Wiew Image Color Grayscale Binary  Machine Wision Identification  Tools  Help

M BEEREEE o

Acquire Images Browse Images | Process Images | (’r_’u:'

»

LabWIEW FPGAWT Creation Wizard - Step 1 of 3

This wizard creates the LabdIEW FPGA code that implements your
Vision Assistant scripk,

Destination Folder

Cii\Morphology Test

Create LabWIEW Project |'\n'isi0n FPiaA Project., lvproj |
[
| Create Host VI | v vision FRGA (Hosthvi |
140718110209058.apd - RGE (32 bits) - 1260x1024 |
I Create FPGA Main YT |IVA Wision FPGA (FREA). v |

ZIRIEACICY
—D 2 of 2

Processing Functions: Image

Enable Bayer Decoding
Transfer Image Back to Host

FPGA Implementation WI Mame | IvA FPGA Image

Hiskogram: Counts the total number of -

pixels in each arayscale value and araphs it
Brightness: Alters the brightness, contrast,
and gamma of an imaage.

Image Buffer: Stores images in buffers and
rettieves them,

[ Back || met | [ Fsh | [ concel |

bl&k| 1] »1el «[»| x|@m
= 2] = = e —

Criginal Image Color Threshold 1 Basic Morphology 1 Basic Morphology 2 DSF 435 M R
Block RAMs T 19 %

Details
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Vision FPGA IP (,, Intellectual Property” = functions)

- Efficient Host <-> Target image o g
. 4 I C:'Qﬂearl:h I %Custumize'l
transfer Vis
B og mr| | [EA
Imagmsf... Imamna... Color Ukilities  Wision Sssist..,
- Preprocessing functions - ® b
Processing Filters Faorphology
- Support for multiple image types | 21 P> |8
olor Proces.., perators nalysis

- Fourwire handshake protocol for streaming

- Synchronization Express VI to support branching and
merging

- Partially customizable using |P Builder
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Vision FPGA IP

o1’ Image Management
- Cast
- Vision FPGA Sync

E Color Utilities
- Extract Color Plane
- Bayer to RGB
- RGB to Color
- Color to RGB
- Integer to Color

J Processing
- BCG Lookup
- Inverse

- Threshold

ni.com

‘@' Filters

- Convolute
- Low pass
- Nth order

- Edge Detection (Sobel, Prewitt,
Roberts, Differentiation, Sigma,
Gradient)

' Morphology

- Binary (Dilate, Erode, Open,
Close)

- Gray (Dilate, Erode, Open,
Close)

‘a’| Color Processing
- Color Histogram
- Color Threshold
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Vision FPGA IP

' Operators *8| Analysis
- Add - Histogram
- Subtract - Quantify
- Multiply - Centroid
- Divide - Linear Averages
- Absolute Difference
+ MulDiv %@ Image transfer
- Modulo . FIFO to Pixel bus
- And . Pixel bus to FIFO
- Or
- Xor
- LogDiff
- Mask
- Compare
WonaonaL



Other Sources for Processing Algorithms

- IPNet (ni.com/ipnet)

- Repository for image processing and many other
functions

- Xilinx CORE Generator Libraries iw

- 15+ blocks for image scaling, color space -
conversion, noise removal, etc.

- Integrated within LabVIEW FPGA environment
- [P Integration Node

- Import custom VHDL to create |IP blocks with
standard LabVIEW |O interfaces o

er
cporta —' cporta
cporth |[[EEEM— cporth
C .'jljlj out H— ’:E]Caddout

Kilinx Corege..,
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Image Processing Functions

FPGAs not suitable for certain high-level algorithms

e Object-level vision functions
— Pattern matching
— OCR/OCV
— Some geometric measurements
— Classification
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Vision Assistant FPGA Code Generation

Ell Mvision Assistant - Code Generation Target: NI cRIC-9068 EI@
File Edit View Image Color Grayscale Binary  Machine Yision  Identification  Tools  Help
"
_;; ‘%& = ﬁ‘) p ;1)_1 QE. :. Acquire Images Browse Images |Prncesslmages ?

Al LsbVIEW FPGA ] Creation Wizard - Step 1 of 3 =

This wizard creates the LabVIEW FPGA code that implements your
Vision Assistank scripk,

Destination Folder

C\Morphology Test

| EAl Device Utilization Estimate o B 3

Create LabVIEW Project -
| :[>. Steps Slices LUTs DSP 485 Block RAM ~
1407181 10209058, 3pd - RGE (32 bits) - 1280x1024 Image Transfer 11519 (32,72%) 10472 (59,5%)  0({0%) 17 (28,33%;)
W o] || V) create FPaa Main vI Histogram 1 122 (0,35%) 234 (1,33%) 0 (0%) 2(3,33%)
Enable Bayer Decoding Filters 1 1554 [4,41%} 1357 U,?l%} 1 [1,25 %} 3 [5 %}
' D B8 Transfer Image Back ta Host Threshold 1 95 [012?%} 33 [015%} 0 [0 %} 0 [0 %}
Processing Functions: Image Basic Morphology 773 (2,2%) 704 (%) 0 {0%) 2(2,5%)
FPGA Implementatian VI Name Basic Morphology | 1394 (3,9%6%)  1301(7,33%)  0(0%) 3(5%)
Total Used 15457 (43,91%) 14157 (80,44%) 1(1,25%) 26 (44,17%)
Histogram: Counts the total number of Total Available 35200 {100%:) 17600 (100%) a0 (100%) 60 (100%)
pixels in gach gravscale value and graphs it
[ Back ] [ Mext ] [ Finish ] [ Caneel -

Brightness: Alkers the brightness, contrast,
and gamma of an image.

Help ][ Close ]

1Z80%1024 1% 30,61,40 (221,62
Script: ExtractBadge.vascr

slml 1] we] e X@
E = fezz] = e ——

Original Image Color Threshold 1 Basic Morphology 1 Basic Morphology 2 DsP4ds M 9
EBlock RAMs I 19

| Image Buffer: Stores images in buffers and
rettieves them,
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FPGAVI

(VI automatically generated by NI Vision Assistant)
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Host (CPU) VI Host to Target Transfer VI

(VI automatically generated by NI Vision Assistant)
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Single Cycle Timed Loop + Pipelining

ticks
vEwr Default] WError »
. P ing loop rate b Dm‘ )
rocessing loop i
limited by longest delay i .
In loop

- Reduce delays by
splitting operations into
multiple cycles

Increases speed, but I
also latency

[A/a LR ASJR Ta ™
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Supported Targets

- FPGA Families supported: Zyng™, Kintex, Virtex b, Spartan 6

- Co-Processing Targets (DMA capabilities, USB/GIgE support)

- NI cRIO (9111, 9112, 9113, 9114, 9116, 9118 9033, 9034, 9038, 9060,
9067 9068, 9076, 9081, 9082) T a

. NI sbRIO 9606, 9626, 9636, 9651 | il q
. NI myRIO 1900, 1950
- Compact Vision Systems NI CVS 1457RT, 1458RT and 1459RT

- Inline Processing Targets (Framegrabbers)
- NI PCle-1473R-LX50
- NI PCle-1473R-LX110
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You Might \VWant to Use an FPGA for Vision...

e |f latency or jitter is critical

e |[f power consumption is critical

e |f you have to speed up throughput
e |f you can pipeline your algorithms

e |f you have to reduce the amount of data or aggregate
multiple high-speed channels
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Performance Examples

Functions (Number of CPU | FPGA | Speedup | Resources
instances) (fps) | (fps) on cRIO - 9068
98 AX

Convolution Filter (1), 23.82 LUT — 25%
Threshold (1), Binary BRAM -17%
Morphology (1)

Convolution (10), Operators 156 98 60x LUT = 70%
(4), Morphology (1), DSP - 80%
Threshold (1) BRAM - 75%

Image Resolution: 640 x 480
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Demo — Rotational Speed control, up to 100fps

2 visionMotion Velocity Control - RT.vi on VisionMotion Velocity Control.lvproj/NI-cRIO-9068-18D9B... — = n
1318 Edit View Project Operate Tools Window Help ‘

»E/@n]

FOWERED BY

’ﬂ”?ﬂz%ﬁém-s Vision FPGA Demo

LabVIEW

Processed Image
M Enable Moter

Trigger Period (ms)

S|

Images per second
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Enable Display

_ : K =
Velocity Set Point (rev/sec) -

SIF | 659x494 16 (5,167)
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101624 s TR
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Enable Velacity Control = 0.975-
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Zveme Vas na NIDays 2014, N|Day5

nejvetsi konferenci National Instruments
v Ceskeé republice, Praha 22.10. 2014 2013 CONFERENCES

NIDays 2014

Nejnovéjsi technologie a trendy v navrhovani,
testovani a fizeni

€ »
Ve
-

‘. 2 | :
| .
NiDays 2014 Datum a ¢as Misto
Nejnovéjsi technologie a trendy v 22.10. 2014, 9:00-17:00 Hotel Marriott - Praha

navrhovani, testovani a fizeni.

Vice informaci a registrace: czech.ni.com/nidays
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