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Recent technolog advancs h@&e helped paving the way to the

pervasive deployme nsor networks everywhere. These give rise to
a new gener; ation oﬁpt i r ‘En ns. Sensor data about the target of

obser r\Qpe{tWeﬁ |ronment entially the insights to enable effortless

int i ee/m/ he use Q\“ applications. The emergence of sensor network
would impact a broad variety of applications from national security to

ure monitoring. In this project, we seek the applications of sensor networks
 domain of consumer electronics, and in particular intelligent home care. In that,
nsor networks play the critical role of collecting sensor data that indicate the
being of the elders living in place.

The design of sensor network for home care is unique in three aspects — co-existence
of static and mobile sensors, variety of data types, and mission-criticalness of data for
elder care. Emphasizing both the engineering innovation and practical business
solution, we propose 1) adaptive diffusion, 2) fast content-based forwarding, and 3)
two-class service differentiation that address the above three challenges. The adaptive



diffusion is a data-centric path finding (routing) mechanism, which prefers the
selection of stable and energy-abundant routes. The fast forwarding algorithm handles,
in low space and time complexity, the content-based table lookup problem. The
service differentiation enables mission-critical data to be sent in high priority and
redundancy. Our objectives in this project are to systematically evaluate, validate,
implement, and integrate the sensor network to the overall home care system — iCare.

We expect, as a result, to lead the world in the research and development of sensor ? x
network based intelligent home care system. The expertise built up by the project will \
put Taiwan at a vintage point in the R&D of sensor networks in consumer electronlcs// \\

This will also pave a brand new avenue for System on Chip (SOC) design and i insy pi \\

a new generation of consumer demands for ubiquitous intelligent appllcatlons/
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Our goal in this sub-project is to build a sensor network frameworrk th%&

the above challenges. That is to say the communication protocol shou
configuration free -~ A\
discriminative of urgent and non-urgent data ™~ ﬂ\
adaptive to the system residual energy on the mobile wireless nodes
fast in heterogeneous sensor data forwarding
efficient in computation, memory, and bgndw %

' ni)réurel I@n
omp bIe pllcatlon -d dent service
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The communication system architecture
data-centric core and an extendible an
level. With the building blocks s re and se% ce level
composability, we achieve in discriminating-data by prov fferent services for
application needs. i /J\\/
7\\ \\/
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nsible for the fun %{al tasks of routing and
provide Wdcast service and a many-many
p ive to the resid \kyétem power level of mobile wireless
G{Wéfdlng component Wowdes a 2-level priority forwarding

\3
EQ dﬁrﬁendent S evel could contain services composed by the
s provided by the ¢ nication core. In the context of home care, the two
The urgent data in the home care system are disseminated aggressively --broadcast in

riority. This would avoid congestion, reduce delay, and prevent from data loss
to the best quality the network can sustain.

The data-centric core i
forwarding. The routin
routing service t tis a
sensor nodes. T

The adaptive data-centric routing and fast data forwarding are the key research
components. The adaptive data-centric routing protocol promises to avoid
transiting data through more energy limited mobile wireless nodes and therefore
prevent from the inconvenience caused by the repeated changes of batteries of the
sensor nodes. The fast data forwarding mechanism is essentially a string matching
problem. The efficiency will impact greatly the delay and loss rate the sensor



network will experience. Our premise is to adopt a fast string matching algorithm
for sensor data forwarding to ensure the quality of the data dissemination.

Urgent Data
Dissemination

Non-urgent Data
Dissemination

\
x 4://
Figure 1. The communication system architecture for home care se// net orks.
Application-dependent services: urgent and non-urgent DataDl

tion

Data-centric core: broadcast/adaptive manycast; regular- and pnorlty forwarding
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The task breakdown and project timeline is |Ilustrated |n le 1. What highlighted

are tasks completed so far.
first year.

We have completed )
In particular, for the adaptive diffusi na

een planned for the

v%stﬁforwardin arts, we are
O

ahead of the schedule. (¢
Timeline | Tasks Work N
Flow Adaptive Service
Dlﬁusmn e Forw@%g Differentiation

\\/

e

g search
algorithm

Sensor network
QoS

ign \\ | Bandwidth
f%agevgn; dﬁy}

omplexity
analysis Pseudo
code

Data
prioritization
for desired QoS

Prot Mechanism
S
— Implementation
Evaluation n: _ on Linux-based n_s-2-bar5ed
simulation embedded simulation
systems
Validation | Implementation | Implementation | Implementation
and APIs on and APIs on and APIs on
sensor notes sensor nodes networked
embedded
Linux devices
39 Year Deployment | Integration and porting of the adaptive diffusion, fast

forwarding, and service differentiation mechanisms
to the actual devices

Broadcast | Adaptive Priority Regular o //\\\
Manycast \E //‘
2N
Routing Forwarding > ()



Table 1. Task Breakdown
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Data-centric routing: Magnetic Diffusion

Magnetic diffusion (MD) is a simple data dissemination mechanism that promises all s

the above properties. The inspiration comes from the magnetic interactions in the (( x
nature. Consider the data sink as a magnet and the data as nails. The data will be \
attracted towards the sink according to the magnetic field just as the metallic nallé //

being attracted towards the magnet. The magnetic field is established by setting u e\

proper magnetic charges on the sensor nodes within the range of data sink. Th/

strength of the charge is determined by the hop distance to the sink and the Ievel/

resource available at the sink. The data will be propagated based on the m netic flet

from low to high magnetically charged nodes. This way of dlssemlnat/t esulfs
in optimal delay multi-path forwarding. J ﬁ

In [2][3], we are able to demonstrate through the simulation- resultsthat Mt{ does 1)
perform the best in timely delivery of data, 2) achieve high datalehe ility in the
presence of network dynamics, and yet 3) work as en efficiently as the state of the
art mechanisms. We thus conclude that MD is a prom|S| ata dissemination solution

to the mission-critical applications.
ﬁ >

Fast Forwarding: Suffix Tree 0\*/

Suffix tree (Abbreviate as ST) is a well<kno ata structure whi %tenswely
used in bio-informatics. The first p ntioned about fastp/ ﬁetﬁuctron is presented
in [5]. The fast construction algorithm al us to build a s%& tree in linear time.
ST is also an efficient search utility when dealing with rings such as genetic

i attribute-value métcﬁlng a search or an insertion

in O(| P|) time where |P r he length o@ﬂng For super string search.

ST can accomplish a s (IS|) steps lation of substring between
training strings are flgu \ ing the insertiontime. We would like to apply ST
atching paﬁ of sensor network forwarding systems.

The state qf//( he art is

‘ ary sear We will use the abbreviation “TST” in the
rest of the aggz Itisano icient data structure for string matching. In each
TST ery%m h/ three ch ~’namely, left-child, middle-child and right-child.
Fo itrary node N, the character ¢ which represents a tag for string

. The left-child contains all substrings that are alphabetically smaller than c,
mﬁ%ﬁg -child denotes substrings that start with a character c, and right-child includes
all substrings that begin with a character greater than c.  TST is an efficient

‘ ithm, it can complete an exact string search in O(log(n) + |S|) steps where n is the

total number of strings in TST and S denote the length of the input string. In the super
string search cases. TST can finish the search in O(|S|log(n) + |S|2) steps.

Aside from the above two complex data structures, we also adapt string hash table
with a rotation-based hash function as one of our candidate solutions. In the hash table
implementation, every input string has a hash value, which indicates the position in
the string table. The performance of hash table really depends on the design and



adjustment of the hash function. It is generally fast and low memory consumption but
still has some weak points. For example, it is hard to implement a substring or super
string matching by using merely a hash table while there are already efficient ways for
such requirements. The time complexity of a hash table based attribute-value
matching with rotation algorithm is O(|S|) steps for hash value calculation and O(1)
string comparisons. In the real implementation, we use a simple linked list structure to
handle collisions.

/
We show in [3] the results of comparing the space and time complexity of the three @
t
@\

algorithms implemented on embedded Linux-based devices. The results suggest tha
ST is computationally very efficient and the memory requirement is reasonable for || A
most sensor network applications where the number of data types is in the scale ofX\\‘//’
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On results of magnetic diffusion for data-centric routing is to be publ

selective international conference, the 8th ACM/IEEE Interna |on yﬁ% osium
on Modeling, Analysis and Simulation of Wireless and MoblleS MSWiM

2005), Montreal, Qc. Canada, October 10-13, 2005. Theéct:eptahc:e rate is 21.8%
this year. Subsequently, we submit the enhanced version W|t\meﬁe/detalled results
to Computer Communication (SCI) and is expected to ublished in the 2" quarter
2006. In addition, the fast forwarding algorithm con IS under preparation
and now in the 2" draft editing. The work W}II be }Jg}m to a relevant

conference in the near future. ‘ L/ @
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