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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
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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


