Mobile Node Rostering In
Intermittently Connectecd
Passive RrID Networks

ZHPENG YANG AND HONGY! Wik
center for Advanced Computer Studies

umiversity of Loulsiana at Lafayette

This work 1s supported in part by the National Science Foundation under grant CNS-0831823.

I T — — — - - r - Y 4 Y : Y R S



OUTLIN

MOTIVATION

SYSTEM ARCHITECTURI

PROBLEM DESCRIPTION

PROPOSED ROSTERING ALGORITHM

IMPLEMENTATION AND EXPERIMENTS




|

\'".Q-.“' ‘.
- -4"‘ ‘Q‘ \

- “\
N
SN R N
a1 o N - N
.

20
LY
o

.

Ly

Blological Research at National wetlands Research Center




Néw 'd.en site
Old den site




WHAT WE SHOULD DO

Observe many problems causeol ba nutrias

Track them

understand thetr habitat

Build models to predict their behavior, population,
and potential damage

Develop strategies to control them ana protect our
property
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wWireless sensor network and GPS technologies have
been e)q:Loreol -for WLLdLL‘fC research
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Dags Laterins
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welght constraint

“ARNT

the weitght of the sensor must be under 5% of the weltght of the

animal to avoid hindering its movement or welfare

loatterg: to power the device

The Lowest weight of active device Ls bounded by

casing: must be heavy-duty for the protection of power source

ano powered electronie clreutts under harsh environmmeents
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0% of the nutria cannot carry any active devices

Simtlar problems for most small animals

frog wigration, penguins habitat tracking, ...
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Passive RFID Tags

i




PASSIV

Nice properties

No bat’cerﬁ

No need for casing

very thin and Light (Less than 1 gram)

Low cost

Durable: survivable under very harsh ENVLrONWMENLS
(underwater, underground tunnels, and extreme temperatures)




SOLLTHONS

FID Tags on Nutria




How to build an itndependent
network based on RFID gears for

data oleLLverg L A remote area
without any infrastructure Support?
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ARCHITEC TURE OF BINDERS

IR: Isolated Reader GR: Gateway Reaoer




UNIQUE CHALI

Intermittent conmnectivit Y

The cowwecti\/itg of FINDERS Ls very low and Lntermlttent,

forming a sparse network where a tag is connected to a reaoler
only occastonally.

A special DTN with unigue communication and storage
constraints.

Intermittent co MP utation:

The computation at the tag Ls also intermittent. It is avatlable
only whewn the tag s powered up by a nearby reader.

Such continuous functions necessary to many protocols as
counters and timers cannot be limplemented here.
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Critical network resource:

=

the buffer space of the tags (the main vehicle for data

transportation) Ls so Limited that it may become the critical
network resource and communieation bottleneck

Nodal heterogenelty:

a veader is a statie and powerful device, with Large storage, high

computing power, and long-lasting battery power

AsY mmeetrie commumnteatilon:

the tag can be mobile and has extremely Limited resource

The communication can be established between a tag and a

reader only, but not tags to tags or readers to readers
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PROBLEM OF ROSTERING

Rostering Ls a pervasive computing problem,
atming to enable a user to access the distributed
local meeting tables and aggregate their meeting
events to report a List of the mobtle nodes that appear

Ln given area (s) and time tnterval(s).

-

SELECT taglD

FROM MeetingTable

WHERE timestamp > begin time
AND timestamp < end time
AND readerID > '1idl’

AND readerID < ’'id2’




OBJECTIVES

Devise a distributed algorithm to choose the best
set of packets according to information
redundancy and tag mobiLitH, atming to
maximize their total information value and at
the same time do not exceed the capactty of a tag.

Storage Constraint: Data packets must bear a compact

format, which is tailored for adaptive data aggregation tn
rostering.

Redundancy: Part of the data wmaintained by different
readers can be redundant for a given rostering request.

Mobility: Mobile nodes with different mobiti’ca patterms are
suitable for carrying different packets
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ROSTERING ALGORITHM

Three type of Messages to support Rostering

Command Packet: a rostering command Ls tssueol
by a GrR.

Reply Packet: zero to muL’chLe Reply packets may be
created by an (R, tn response to a rostering
command

Feedback Packet: one or muLtLpLe Feedback packets
are generated by a GR, corresponding to a
command.
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Gqoal: To Let the tags
carry the most valuable
information tn a
capacity-efficient way
to the gRs
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The reader must choose a subset of them with the
highest value for transmission.

sSuceh optimizatiow Ls formulated as a o-1
Knapsack probLem

-

n
Maximize : E VT4
i=1

Subject to Zwimi <W, z; € {0,1}

1=1
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Appraisal of Reply and Feedback Packets
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Effective DeLL\/erg capa bititg (epC) to reflect the
node’s cascaded probability to “reach” GR's.

Gr: 1

(R/Tag: initialized as 0 and updated by BWMA

Appratsal Adjustiment: (Reply Message)

-

IR

min(,B1 %t_a; ) 512 )'Ui, €IR > gtag

Vi =

{ max(ﬁ1§-tﬂ,ﬂ2)vi, €IR < ‘Etag




RF

Alien passive RFID
tags (ALN-9540)

Class1gen

215 ><_94.2 X 0.05 mam

Less thaw one gram

14 b Yytes

ALR-9900 readers

64 MB RAM
&4 M®B flash memory

4 antennae ano 50
chanwnels
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SUMMARY

Motivation: Welght Constraint

4

Solution: Passive RFID Tags

\ 4

Challenges: Limited Resource

\ 4

Contribution: Protocol Development

\ 4

Evaluatlon: lmpLemewtatiow and IEKPCVLVW&WCS
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