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stream·ing[stree-ming]ïverb

1. The act of transferring data to or from an 

instrument at a rate high enough to sustain 

continuous acquisition or generation.



Motivation for Data Streaming

ÅEver-increasing amounts of data

ÅRecord ñeverythingò and play it back later

ÅDAQ, DSA, vision, modular instruments

ÅHard drives: faster, bigger, and cheaper

ÅRAID hardware is ubiquitous and inexpensive
ÅPCI Express, ExpressCard, USB, 1394, eSATA

ÅPCI Express provides higher, dedicated 

bandwidth



Applications Requiring Data Streaming

ÅRF Recording and Playback

ÅIF and Baseband Streaming

ÅNoise Mapping

ÅDigital Streaming

Spectral Monitoring : 

Chengdu Huari 

Telecommunications 

Company 

Noise Mapping: 

Boeing

RF Record and 

Playback: 

B&B Technologies



Key System Components

ÅHardware Platform with High-Throughput and 

Low-Latency

ÅHigh-Speed Data Storage

ÁHard Drives (HDDs)

ÁSolid-State Drives (SSDs)

ÅSoftware for Streaming to Disk at High Rates

ÅStreaming Front-End Instrumentation 
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Bandwidth versus Latency

Decreasing (Improving) Latency
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PCI Express Overview

ÅSerial interconnect at 2.5 Gbits/s
ïPCI transactions are packetized and then serialized

ïLow-voltage differential signaling, point-to-point, 8 B/10 B 
encoded

ïx1 (by 1) has bandwidth of 250 Mbytes/s per direction

ïx16 (by 16) has bandwidth of 4 Gbytes/s per direction

ÅUses same software model as PCI
ïEnsures software compatibility

ÅRoad map for longevity with Gen 2 clocking (5 Gbits/s)



NI PXI-1045NI PXI-8106

PCI Bus

132 MB/s

PXI SystemPXI Express System 

Four x4 PCI Express Links

NI PXIe-8130 NI PXIe-1062Q

System Streaming Architecture ðPXI Express

Total system slot bandwidth depends on 

controller/chassis combination



Streaming Architecture ðPXI Express Controllers

NI PXIe-8130

CPU
AMD Turion 64 X2

Chipset
nVIDIAMCP55Pro 

RAM

HDD

x4

x4

x4

x4

Four independentx4 PCI Express Link 

Each capable of 1 GB/s ðTotal bandwidth of 4 GB/s

Forwarded 

to Chassis



Streaming Architecture ðPXI Express Controllers

NI PXIe-8108

CPU
Intel Core 2 Duo

Graphics& Memory 

Controller

RAM

HDD
x1

I/O Controller
Forwarded 

to Chassis

Four x1PCI Express Links 

Total System Bandwidth of 

1 GB/s 

Chipset

x1

x1

x1
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Streaming Architecture ðPXI Express Chassis
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Key System Components
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Stream To/From Disk Rates

Drive(s) Max Rate: Write/Read (MB/s)

Laptop 30  (NI PXIe-8106 internal drive; 5,400 RPM)

IDE 57  (Western Digital 160 GB; 7,200 RPM)

SATA 62  (Western Digital 160 GB; 7,200 RPM)

SATA 75  (Seagate Barracuda 250 GB;7,200RPM)

ÅMost hard drive manufacturers do not specify streaming rates

ÅSpecifications beyond the interface (SATA, PATA, IDE) dictate 

hard drive performance
ÅSeek times (ms) 

ÅRotational speed (RPM)

ÅBuffer size (MB)

ÅDensity

ÅBenchmarking is the only guarantee

ééé.

Onboard FIFO 

(MBytes)



Disk Performance

Å Outer rim faster, inner rim slower 

Å 62 MB/s at outer rim, 36 MB/s at inner rim

Å Windows OS allocates file space from outer rim inward

Å True for most RAID arrays as well

Outermost rim



Hard Drive Streaming Performance

ã

ÅFormatting

Á Allocation unit size ïthe larger the 

better

Á Use ñquick formatò

ÅñWrite Cachingò must be turned 

ON

ÅTurn off ñSystem Restoreò 

and ñRecycle Binò

ÅFile location on disk and 

fragmentation



Understanding SSDs
Performance versus Capacity

ÅTwo types of SSD Drives: SLCand MLC

1

Single-Level Cell 

(SLC)

1     0    1

Multilevel Cell 

(MLC)

Pros: Performance, Life

Cons: Low-Capacity, Cost

Pros: Capacity, Cost

Cons: Performance, Life



Understanding SSDs
Performance versus Capacity

20 GB Write on 32 GB SLCSSD 160 GB Write on 256 GB MLCSSD



What Is RAID?

Redundant Array of Independent Drives, is a general 

term for mass storage schemes that split or replicate 

data across multiple hard drives.



Raid 0

RAID 0 Ą Striping without redundancy

ÅImproved speed over streaming to a single hard drive

ÅUnimproved system reliability

ÅTransparently supported by Windows OS
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Raid 1

RAID 1 ĄMirrored (redundancy)

Å100% data redundancy 

ÅNo write speed increase over single disk

ÅHighest overhead of all raid configurations

0123 | 4567 | 8901
RAID1Controller 

(Mirrored)



Raid 5

RAID 5ĄDistributed parity

ÅVery efficient does not require additional disks 

ÅCan only tolerate one drive failure 

ÅPoor performance with small files
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Raid 1+0

RAID 1+0 or 10 Ą Striping and mirroring

ÅHighest performance with data redundancy 

ÅCan sustain multiple drive failures

ÅConfiguration requires twice the hard drives
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Drive(s) Max Rate: Write/Read (MB/Sec)

Laptop 30  (PXIe-8103 internal drive; 5400 RPM)

IDE 57  (Western Digital 160 GB; 7200 RPM)

SATA 62  (Western Digital 160 GB; 7200 RPM)

SATA 75  (Seagate Barracuda 7200.10; 250 GB)

2 RAID 114/127 (NI PXI-8351 1U RackMount Controller) Peak

4 RAID 200+/200+  (NI HDD-8263, NI 8353, NI 8260) Sustained

12 RAID 600/600(NI 8264 RAID Controller) Sustained

Stream To/From Disk Rates

Drive(s) Write/Read (MB/s) Rate Types

Laptop 30  (NI PXIe-8103 internal drive; 5,400 RPM) Peak

IDE 57  (Western Digital 160 GB; 7,200 RPM) Peak

SATA 62  (Western Digital 160 GB; 7,200 RPM) Peak

SATA 75  (Seagate Barracuda 7,200.10; 250 GB) Peak

Outer rim rates. Cannot be sustained across the whole drive.



Data Streaming Products

Rackmount (External) In-Chassis (Internal)

NI HDD-8264

Å600 MB/s

Å3 TB

ÅMore than 3 hours 

at 100 MS/s

Å200 MB/s

Å1 TB

ÅMore than 1 hour 

at 100 MS/s

NI HDD-8263 NI HDD-8260
Å200 MB/s

Å1 TB

ÅMore than 1.5 hour 

at 100 MS/s

Å3-slot wide, 4-drive

ÅSSD option (128 GB) available

ÅSoftware RAID



NI 8260 
In-Chassis High-Speed Storage Module

ÅFor PXI Express systems

Å3-slot wide storage module

Å4-drive software RAID

Å200 MB/s

ÅHDD version: 1 TB

ÅSSD version: 128 GBs



Key System Components

ÅHardware Platform with High-Throughput and 

Low-Latency

ÅHigh-Speed Data Storage

ÁHard Drives (HDDs)

ÁSolid-State Drives (SSDs)

ÅSoftware for Streaming to Disk at High Rates

ÅStreaming Front-End Instrumentation 



Using Data Streaming Products

ÅThe RAID hard drives appear as 

logical partition in Windows OS

ÅLabVIEW 8.5.1 or later

Win32 file I/O VIs

ÅLabVIEW 8.6 and later

Built-in file VIs

ÅLabVIEW 2009 

CanUse LabVIEW 2009 TDMS



LabVIEW Programming Structure

Loop Time = T1 +T2

T1 T2


