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Wireless Is Everywhere

Environmental 

Monitoring

Resource 

Monitoring

Industrial 

Measurements



Third Wave of Wireless
Internet of Things

The number of intelligent, connected 

devices will grow to 15 billion over 

the next six years. - IDC Report¹



WIRELESS STANDARDS AND 

TECHNOLOGY



Wireless Standards
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Power, Throughput, and Range

Wi-Fi 

802.11g

ZigBee 

(802.15.4)

Typical Battery Lifetime 1-2 days 2-3 years

Max Bit Rate 54 Mbit/s 250 kbit/s

Range (w/o repeaters) 30 m 300 m



Wireless Terminology

ÅIEEE 802.11, WiFi

ÁAccess Point

ÁRepeater

ÁClient

ÅIEEE 802.15.4, Personal Area Networks 

ÁGateway

ÁRouter

ÁEnd Node

R1

N

G



IEEE 802.15.4/ZigBee

ÅPopular for WSN devices

ÅIEEE 802.15.4 defines:
Á868, 915 MHz, and 2.4 GHz 

radios

ÁUp to 250 kb/s

ÁLow-power communication

ÅZigBeeadds:
ÁDevice coordination

ÁNetwork topologies

ÁInteroperability with other 
wireless products

Physical Layer
868 MHz/915 MHz/2.4 GHz

Medium-Access Control Layer

Network Layer
Routing, Network Topologies, and Security

Application Layer

IEEE 802.15.4 ZigBee

Application Framework
User Profiles

ZigBee Device Objects
Device coordination: gateway, router, or 

end device

Application Support
Data service and management



NI-WSN, Based IEEE 802.15.4

ÅFrequency: 2.4 GHz

ÅRF Channels: 14 Channels (11-24)

ÅData Rate: 250 kbits/s

ÅProvides:
ÅMesh Routing - Ability for network to detect alternative paths

ÅSleep Mode ïAbility end node conserve power and maintain 

reliable communication



Power Considerations

ÅNodes sleep most of the time to conserve power

ÅMust minimize processor and radio power

Time

Node Power 

Consumption

Example

Power Consumption

Bits

Processor

Speed

Embedded

MemoryOn Sleep

Crossover
TI MSP430 F2419 8 mW 0.2 µW 16 8 MHz 128 KB

Freescale QE128 100 mW 1 µW 8/32 50 MHz 128 KB

ARM OKI ML674K 145 mw 50 µW 16/32 33 MHz 512 KB

PPC Freescale MPC8313 520 mW 300 mW 32 333 MHZ GB External

x86 Intel Core 2 Duo T7400 34 W 12 W 64 2.16 GHZ GB External

Microprocessor Trends and Options



What is a Wireless Sensor Network (WSN)?



What is a Wireless Sensor Network (WSN)?

End Nodes
Router

Router



Key NI-WSN Terminology

Å Minimum Sample Interval: Fastest system update in seconds (Sample Rate)

Á NI WSN-3202 analog input node: 1 second per sample (60 S/min)

Á NI WSN-3212 thermocouple node: 2 seconds per sample (30 S/min)

Å Default Sample Interval

Á 2 seconds per sample

Å Heartbeat Interval

Á Time between keep alive communications from Gateway to End Nodes

Å Sensor Power (NI WSN-3202 voltage node only)

Á Power sourced from internal batteries to external sensors

Å NI Network Topologies 

Á Network configurations tested by National Instruments



NI-WSN Topology Guidelines

Å8 End Nodes per Gateway and/or Router

ÁMaximum 36 (End Nodes + Routers) / Gateway

Á4 channels / node = 144 channels /Gateway 

Å3 Hops from End Node to Gateway

Á2 Routers between Gateway and End Node



Network Topologies

Star Mesh

Reliability

Latency

Cluster/Tree

Distance

Complexity

Gateway

Router Node

End Node



Network Distances

ÅTheoretical

ÁMinimum connectivity strength

ÅSystem Reliability



Wireless Measurement Platforms

Wireless MeasurementsWireless Test

Peer to Peer Wireless DAQ WSNPXI RF



The Benefits of Wireless Measurements

ÅReduce installation costs and time

ÅReduce maintenance costs

Reduce 
Costs

ÅOptimize measurement processes

ÅAccess data almost anywhere and 
anytime

ÅDecrease downtime

Increase 
Efficiency

ÅOvercome power and infrastructure 
limitations

ÅSolve new and previously challenging 
applications

Monitor 
Anywhere



Low-Power. Reliable. 

Wireless Sensor Networks.

ÅLow-Power 

Up to 3-year lifetime with 4 AA batteries

ÅReliable

NI WSN protocol and mesh routing

ÅWireless Sensor Networks 

Remote wireless measurements



WSN System Architecture

Database

Servers

LabVIEW

Real-Time

LabVIEW for

Windows

WSN 

Measurement 

Nodes

Wireless-Enabled 

Smart Objects

Worldwide 

Web

LabVIEW

WSN 

Gateway
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Todayõs Example System

NI WSN-9791
Wireless Sensor Network Ethernet Gateway

Features

Å2.4 GHz, IEEE 802.15.4 radio

Å10/100 Ethernet 

ÅConnect up to 36 measurement nodes

ÅOutdoor range up to 300 m

Å9 to 30 VDC power input

Specifications

Å2U compact form factor

ÅPanel or DIN rail mounting

ÅIndustrial ratings

ÅOperating temperature -30 to 70 ºC

Å50 grms  shock 5 g vibration

ÅStatus LEDs



NI WSN-3202 and NI WSN-3212
Wireless Sensor Network Measurement Nodes

2.4 GHz IEEE 802.15.4 radio

ÅOutdoor range up to 300 m 

ÅUp to 3-year battery life with 4 AA batteries 

ÅOptional 9 to 30 VDC power input

ÅConfigurable as a mesh router

ÅFour bidirectional digital I/O lines

ÅIndustrial ratings
ÅOperating temperature -40 to 70 ºC

Å50 grms  shock 5 g vibration

Node Analog 

Input

Digita

l I/O 

Sample 

Interval 

(seconds)

Sample Rate 

(samples/

minute)

Resolution  

(bits)

Features

NI WSN-3202

Analog Input Node

4 4 1 60 16 Sensor power: 20 mA at 12 V 

Input Ranges: ±10 V, ±5 V,  

±2 V, ±0.5 V

NI WSN-3212 

Thermocouple Input Node

4 4 2 30 24 Supports types J, K, R, S, T, 

N,B, E



NI WSN Accessories and Starter Kit

ÅOutdoor Enclosure 
Á IP rating pending 

Á I/O glands for wire feedthrough

Á External antenna

ÅNI WSN Starter Kit
ÁWSN-9791 Ethernet Gateway

Á 2 programmable nodes

Á Sensors and power accessories

Á LabVIEW Evaluation Software

ÁGetting Started Guide

NI WSN-3291

NI WSN Starter Kit



NI Measurement & Automation Explorer 

(MAX) Integration

ÅNetwork configuration

ÅAdd/remove WSN nodes

ÅSet wireless channel

ÅUpdate firmware

ÅConfigure nodes as routers
LabVIEW Project Integration

ÅAutodetection of WSN nodes

ÅDrag-and-drop variables

NI WSN Software



NI WSN Demo
ÅConfiguring WSN in NI MAX

ÅExtracting data using LabVIEW



Using LabVIEW to Build a WSN System

ÅConnect to NI and 3rd party WSN measurement nodes

ÅIntegrate wireless measurements with NI PACs

ÅHundreds of built-in functions

ÅIntegrated user interfaces

ÅSecure Web services 

ÅDatabase connectivity

ÅReport generation

Add intelligence with intuitive graphical programming



LabVIEW WSN Module Pioneer

ÅExtend battery life

ÁTransmit meaningful data (threshold, averaging, and deadband)

ÁAdapt sample and transmission rates to operating conditions

ÅPerform custom analysis

ÁConvert raw data into meaningful information

Á Interface to sensors

ÅReduce response time with embedded 

decision making

ÁControl actuators without host interaction 





LabVIEW WSN Module Pioneer

Add intelligence with graphical programming

ÅCustomize node behavior

ÅDownload code updates over the air



Wireless Application Areas

Environmental 

Monitoring

Resource 

Monitoring
Industrial 

Measurements

Process 

Monitoring

Air/

Climate

Water/

Soil
Power 

Monitoring

Solar 

Monitoring

Wind Farm 

Monitoring

Machine 

Condition 

Monitoring

Indoor

Monitoring
Structural 

Health 

Monitoring



NI Wi-Fi DAQ

(IEEE 802.11g)

NI WSN

(IEEE 802.15.4)

Battery Lifetime 1to 2 days 2 to 3 years

Max.Bit Rate 54Mbit/s 250 kbit/s

Range 100 m 300 m

Security IEEE 802.11i 

(WPA2Enterprise)

Gateway

Association

Choosing theRight Wireless 

Measurement Platform



Biofuels from Algae

ÅAlgae converts sunshine into chemical energy 

ÅWhy algae as a fuel source?

Á Does not rely on commercial crops

Á Can be grown on arid land or in the ocean

Á More efficient (water and land) than crop-based 

biofuels

ÅNI WSN hardware used to monitor pH levels 

and control the rate of feed

ÅLabVIEW WSN software performs data 

analysis and local decision makingòThe newly released WSN product family combines many attractive features é wireless 

networking, low power consumption, LabVIEW compatibility, and a flexible I/O portfolio.ó


