


Introduction

E A new generation of massive-scale sensor
networks suitable for a range of commercial and
military applications 1S brought forth by

e Advances in MEMS (micro-electromechanical system
technology)

e Embedded microprocessors

a Jang-Ping Sheu, NTHU 2009/7/10
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Introduction

B Tiny, cheap sensors may deploy onto roads, walls,
or machines, creating a digital skin that senses a
variety of physical phenomena of interest

e Monitor pedestrian or vehicular traffic and intelligent
transportation grids in human-aware environments

e Report wildlife habitat conditions for environmental
conservation

e Detect forest fires to aid rapid emergency responses

e Track job flows and supply chains in smart factories

° Jang-Ping Sheu, NTHU 2009/7/10
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Applications

® Wildlife Monitor
e Observe wildlife
e Wildlife habitat monitor
e Plant accretion monitor

° Ecosystem record

® Dangerous Environment
Monitor
e Environment information
e Volcano detection

e Danger detection
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r ™
Applications

m Traffic Monitor (VANET)

e Traffic jam detection
° Parking space information
° Shopping information

e Vehicle tracking
] Building Monitor

e Fire detection

e Poison gas detection
e Guide to exit

e Safety assurance

e E-home




e
Applications

® Health Monitor
e Heartbeat
¢ Blood pressure
e Body temperature

e Behavior of patient
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Research Issues in WSNs

B Localization and Tracking
® Time Synchronization

® Routing Protocols

® Topology Control

® Coverage Problems

® Databases, Platforms, and Tools

@ Jang-Ping Sheu, NCU
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Sensor Node Platforms

® Mote modules were developed by U.C. Berkeley

e MICA2:
® 8-bit AVR microcontroller (4 KB SRAM + 128 KB Flash)
e RF: CC1000 (data rate: 38.4kbits/s)
o MICAz (Zigbee)
e 8-bit AVR microcontroller
e RF: CC2420 (data rate: 250kbits/s)
e Tmote Sky/TelosB (Zigbee)
® 16-bit MSP430 microcontroller (10 KB RAM + 48KB Flash) + 1MB Flash
e RF: CC2420 (data rate: 250kbits/s)
e 0S:TinyOS
® NesC
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Sensor Node Platforms

® Octopus modules were developed by NTHU and
NCU

° Octopus X:
* CC2430 (or CC2431): 8-bit 8051 + CC2420
e S KBRAM + 128 KB Flash

e OctopusI: Compatible with MICAz
e Octopus II: Compatible with Tmote Sky
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Octopus X Platforms (Simple Node)

Octopus X-A (28mm*28mm) Octopus X-B (28mm*28mm)
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Simple Node Kernel - CC2431

IEEE 802.15.4
RF-transceiver
‘ Power DMA \

CC2431

CC2431 Block diagram

8051 MCU core

128KB in-system programmable flash,
8KB RAM, 4KB with data retention

Powerful DMA

One IEEE 802.15.4 MAC timer
2.4GHz IEEE 802.15.4 compliant RF
RX (27mA), TX (27mA)

0.5uA current consumption in power
down mode

CSMA/CA hardware support

12-bit ADC with up to eight inputs and
configuration resolution

Two USARTs with support for several
serial protocols
/




e
Octopus X-A Features

Size: 28mMmm*28mm

S
A * MCU (CC2431)

| e Directional antenna
e RF range ~ 100m

e External crystal
(32MHz+32.768KHz)

30-Pin e 30-Pin expansion connector
expansion connector CC2431(MCU+RF) ° Polymer batter (3_7\/ 300mAh)

Height: 7mm

@ Polymer battery
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Size: 286mm*28mm
Omnidirectional

Antenna

Polymer battery

Octopus X-B Features

MCU (CC2431)

Omnidirectional antenna

RF range ~150m

External crystal (32MHz+32.768KHz)
30-Pin expansion connector

Polymer battery (3.7V 300mAh)
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Octopus X-C Features

30-Pin expansion connector

Temperature Sensor PlolaEhife e MCU (CC2431)

e Directional & Omnidirectiona
antenna

e Humidity & Temperature sensor
e  External flash memory (2 MB)

USB IC cc243q F antenna e Micro SD socket (up to 8 GB)
e USB Interface
Extemalimemory, 2N o Battery: 2 x AA (3.3 V 2700 mAh)
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Micro SD
Size: 57mMm*31mm




e
Octopus X-USB Dongle

e QOctopus X-USB dongle provides an
USB Dongle easy-to-use USB protocol for
programming, debugging, and data
collections.

USB IC Octopus X
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Octopus X-Sensor Boards

Back of the Octopus X-sensor board

Size: 28MmM*18mm

Sensor board (Gyroscope+ Three
axis accelerometer )

Front of the Octopus X-sensor board

=

Temperature sensor

@ Compass
N, %
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Summary of Octopus X

Octopus X can use Zigbee Stack for programming

Octopus X 1s of 2-Layer design to reduce
production cost

Octopus X can be not only programmed from USB
interface but also TI programming board.

RF range of Octopus X 1S up to 150 m

Expansion connector design on Octopus X
provides a user 1nterface for sensor boards and

dock
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Octopus |l Platforms (Super Node)
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Super Node Kernel - MSP430
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Size: 65mMM*31mm

Reset ; '
Total Solar User Button 50-pin Expansion

Radiation Button Connecto Power Switch

Sensor DC Power

Internal

uUsB Antenna

Connector

18
-
can i T B
o miinwT

Photosynthetically Temperatrue  32KHz CC2420
Active Radiation Oscillator ST Code Radio
Sensar TIMSP430 Flash(1MB)
Microcontroller

Serial ID

USB EEFROM 110 Buffer

ffff
Ten

External Crystal
(4 MHz)

Octopus lI-A Features

= MCU (MSP430F1611)
Flash Memory (48KB+256B)
RAM (10KB)

External Flash (1MB)

Five Power-Saving Modes

m Radio (CC2420)

2.4GHz IEEE 802.15.4 compliant RF
Data rate (250Kbps)

RX (18.8mA), TX (17.4mA)
Programmable output power

RF range ~250m

B Sensors
e Humidity & Temperature sensor
e Light sensors

m 50-Pin expansion connector

m External DC power connector




Octopus |I-B Features

m CC2420 with external power
amplifier

Size: 80mm*31mm = RF range ~450m
m Maximum output power: ~10dBm

m Compliance with IEEE 802.15.4
(ZigBee)

m Battery: 2 x AA (3.3 V 2700 mAh)

Power Ampl“i"fiér
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Octopus lI-Sensor Board

-
Octopus Il Sensor board B Sensors

e Humidity & Temperature sensor
e Light sensors
e Gyroscope
e Integrated X- and Y- axis gyro
e Three axis accelerometer
Selectable sensitivity (1.59/2g/49g/69)
e Low current consumption (600uA)
Sleep mode (3uA)
Low voltage operation (2.2V-3.6V)
e High sensitivity (800mV/g @ 1.59)

Three axis accelerometer

Gyroscope

@ Size: 50mm*31mm
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Summary of Octopus Il

Octopus 11 1S fully compatible with Tmote Sky and
can execute TinyOS applications

Octopus I1 1s of 2-Layer design to reduce
production cost

® Octopus II can be programmed from USB interface
® Octopus II has two kinds of antennas, SMA type

and inverted F type

= RF range of Octopus 11 1S up to 500 m

] Expansion connector design on Octopus I1

provides a user 1nterface for sensor boards and
dock
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Summary of Octopus Il

m CC2420 RF Chip — Compliant with I1EEE 802.15.4
low power protocol

B MSP430 microcontroller — the most power saving
micro-controller

N Expandable flash memory —1 Mbytes
m External oscillator — support accurate timer

® Fully supportTinyOS (an open source embedded
system Widely used 1n the World)




Comparison of Octopus Il and
Tmote Sky
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Comparison of Octopus Il and
Tmote Sky
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Wireless Sensor Network Testbed
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Wireless Sensor Network Testbed A
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