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1.20 lakh railway bridges in India of which 43 per cent are 100
years old and 57 per cent 80 years old

Current State : Monitoring using huge eguipment, takes days to
setup.

Analysis done online, data cannot be easily stored.

Freguent Monitoring next to impossible..

Protocols, Hardware and
design may be reusable

Deployments will enable faster
Industry adoption
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Problem Statement

“The structural response (readings of the accelerometer) of the bridge have
to bereliably delivered to a central location for further processing.”

Analysis

Readings from pier s of the bridge Constraints

No significant loss of data Equipment to run on battery power.

System should be fault tolerant Hostile Environment.
Kinds of Vibrations Unreliable hardware
Forced Vibrations No straight forward way to detect
Ambient Vibrations passage of train.

Free Vibrations

Our goal isto build aworking prototype o 8
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Related Wor k

Habitat Monitoring
* |longterm sensor network deployment of 32 Mica2 nodes
e aimsto monitor seabird nesting environments
e monitorstemperature, pressure, humidity etc, \W|SDEN :
e multi-hop WSN
Industrial Sensor Network - e monitoring largestructures
e predictive equipment maintenance * toreplace existing wired systems

_ _ _ e 14 micaZ nodes
e aimstoreplace expensive wireless sytems e measures acceleration

* Mmeasuresacceleration, « sampling rate 200-250Hz
e single hop and multi hop.

 longterm deployment on micaZ and
Imotes.

Single hop wireless solutions for bridge monitoring available
Using WiFi.
Very expensive

Recent efforts by UCLA using sensor nodes and DAQS &  Bri Project
e
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| ntroduction

 MotelV’'s Tmote-sky
— CC2420, 256K bps
— 10KB RAM
— 1MB Flash.

e TinyOSand NesC

— Clike syntax — !
— Components IQJ
— Interfaces and Implementation

— Event based programming.

e 3So0ekris
— Single board computer
— Ethernet, WiFi, Serialport
— Pebble linux
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Application Design : Overview

UART to Serial

Ordinary Node
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Application Design : Overview

)) Wake-On-WLan
802.11

802.15.4 Y
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802.11 Transmission

.
® W

« %3 Bri Project

PR\

Hemanth Haridas (hemanth@iitk.ac.in) MTech Thesis

(/4




Data Organization

30 KB of Data

Why do we need such organization ?

200 x 5 packets
Of 30 bytes eack

Bri Project
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| averine

Sending Node Receiving Node
Application Layer - Application Layer -
SendFile.send() SendFile.sendDone() ReceiveFiIe.receive():,"
., Transport Layer v:j' Transport Layer v('
Routk.getParent() *  Raute.getParent()
Route. parentAssvgned() Smggjf]ae'(\’)' g Route.parentAsﬁ,«’jr'xed() Eigﬁgata’w‘.sg'
Routing Layer ! Routing L ayer 5
SendDataM sg.send) "
MAC
PHY PHY

Common practice for

N |
networking applications V1Y doweneed layering? - Tiny OSencouragesit

-
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Design Alternatives

e Why not draw power from electric lines on tracks?
— Not all tracks are electrified.
— Monitoring needed when bridge getting built.
— Feashility not known.
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Feasibilit

 Earlier deployments on other hardware have run for
months.

e Current hardware is better.

 Man power to replace batteries once every 3-6months
avallable.

 WOW tested on long distance link.

e Sensor nodes aso tested on 500m link with externa
antenna.

o Datatransfer using WiFi at speeds of 70mph is
achieved
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e Accelerometer

— Isit possible that a MEM S accelerometer replace
existing expensive accelerometers?

— Range 0-50Hz

— Low power, low noise, high sensitivity.

— MMA7260Q and ADXL203

— Fabrication of MMA 7260 application circuit (
PCB Library)

 Attenuator Circuit.
— To solve the clipping problem
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e Switch Circuit

— Other devices cannot be shutoff by using a
command.

* |sit possibleto transfer data from the tmote to
the Soekris?
— USB to Serial ?
— UART to Serial converter

e Power Circuit
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e Existing Protocols * Reliably transfersafile
from anodeto its parent

— PSFQ
— RMST e Store, Wait and Forward
— ESRT  NACK based reliability
* RMST and ESRT —no e Tight integration with
Implementation. read and write Flash
o PSFQ — implementation operation
for mica, and PSFQ e Only hop-by-hop

known to perform badly in reliability

our setting
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Transport Protocol

L Node S ‘

[ Node D J

[N

e—/‘__—fT

Header Ms
Header Msg Ack

Ack Msg
ail Msg

Tail Msg Ack

g._—‘—’—f—/—‘

-

zero packet loss
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T,istheinter file
transfer interval

Inserted for handling
SPI conflict b/w radio
and flash

Td istheinter packet interval
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Transport Protocol

( Node D J
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Header and Tail messages lost
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Transport Protocol

{ Node D J
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l Node S ‘
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NAck Msg

RETRa Msgm
RETR- Msg m-

| I Tretr

Tail Msg Ack

Data Messages getting lost
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Routing Protocol :Overview

Existing Protocols
Single Destination DSDV
MultiHopL QI
MintRoute

All nodes start transmitting beacons simultaneously and continue doing so.

Metric used as LQI, but LQI is not agood measure of packet loss

Base Node starts the routing process
The protocol does not go on forever.

Packet |oss is the metric.
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Routing Protocol: Brief Description
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NODE_LISTEN

NODE_TRANSMIT

NODE _IDLE

NODE LEAF
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Base Node
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Software Components

Application Layer | FlashHAL BtockRead.read()
SendFile.send() SendFile.sendDone() |
Transport Layer BlogkRead ReadDone)

Routing L ayer

SendDataM sg.sendl) ADC.getDat .. ADC.dataReady()
MAC : |
PHY Accelerometer HAL
- Completely developed In house
Used existing code in the stack
Had to be tweaked or changed RO
w3 Bri Project
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Conclusion

e Developed various Hardware and Software
components required.

» Successfully ableto collect datato a central
server (soekris) from the WSN.

o Application isreliable as per our testing so far.

* Protocols developed found almost direct use in
WIiBeam project.

o Application Design and protocols were used In
several CS/725 course projects.
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Future Work

 Integrating all components.

* Documenting the design and the code.
e |nitial outdoor testing.

e Testing on an actual bridge.

* Long term deployment on a bridge.
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Thank You

Questions?
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