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4MHz 8 bit Atmel

Sensors:
temperature
light
humidity ...

Memory:
512 KB

2 AA batteries, 2.5 Ah
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HBHS™ N SENSOr NELWBIHESS

: I readmgs at  Location (trajectory) | ocation of security
speclflc location of tracked objects violation

s-\lany applications are interested in sensor
readings and where readings are from,
Instead of specific nodes of these readings
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Harasiarisies

._ﬂf)ynamlc Network:
— Noede Mobility
— Energy Conservation

— links and node failures
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Perfornance
Crlizpiy

Energy consumption/
Network lifetime

Service reliability

Service scalability

Service accuracy

ey T
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2BIBtnEsS to failures
S I_ -callzed and' collaborative operations
@UErying ability
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ocaiion CanveErsion)

- Logical, real-world entities
s Bus stop number, train station name — Person on the street: street address

= building name, floor, room number — Walked into a shopping mall: mapped into floor,
* Wireless cell 1D store name

— Coarser location granularity — On a car: bus number, highway route number
T s chpications due-losseraRiiEs sesgturned home: home address




. - rianguiationgs

Ao G HRtower & Bortiello;

IEEE Computer’'02] 3 :

[Niculescu, IEEE Network] /.

[Chen & Xiao, MSU TR] N \Radlusz
- Ragius\a

Angulation Lateration
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H9e detected by anyone with a

~— There are a number of research prototypes = GPSreceiver.
providing indoor location information (for We can receive signals, from six of
pervasive computing) themi nearly 100 percent of the time

— Accuracy varies from centimeters to meters at any point on Earth, to determine 3
E.g., Active Badge, Active Bat, Cricket, etc. our locatiom with great precision. GPS Block 11
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: _'_'t of'a ceIIuIar prOX|m|ty system that uses
£ 5 yliaren. technology

Alan Jones

ATE&T Cambrldge.
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"Bat (7.5cm*3.5cm*1.5cm)
Power: 3.6 V
‘. Lifetime: around 15 months
. ¥ Unique 48-bit code
—— ." ~* I Bi-directional 433MHz radio
Two buttons, two LEDs, a speaker,
and a voltage monitor

Placed in a square grid, 1.2m apart
Connected by a high-speed serial
network

The serial network is terminated by
a DSP calculation board

05/09/2007 MDM2007 Tutorial

T 'ne
T 'rn

) _'1ocat|on ofi the badge (and hence its wearer)
2n thus be determined on the basis of information
provided by these sensors.

s A central server collects this data from fixed
infrared sensors around the building, aggregates it,
and provides an application programming interface
for using the data.
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___"ystem can locate Bats to within 9 cm
' ,_elr true position for 95 percent of the

"Requwe a large fixed-sensor infrastructure
throughout the ceiling

e Rather sensitive to the precise placement of
these sensors.
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~__."é'goal IS 10 provide some kind of
~coordinates to the system and applications.
— Absolute coordinate

— Relative coordinate

~ % Cricket v2, substantially better than v1
— has better energy consumption properties
— has a new software stack based on TinyOS
— has better support for continuous object tracking
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proposed: ferWineless Sensor Networks.
15 710V [0 accljrziie]y 8sirriare reree (2.,

__:___Summg hardware.

: “®=Received Signal Strength Indicator (RSSI)
— No single point of failure ~ technology translates signal strength into distance
_lLoad balance estimates. However, multi-path fading, irregular
signal propagation and interference are main
challenges.

— Make use of local data
— Communication limited to small region
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s ihe granularity of localization
becomes finer when increase M
the overlaps of anchors
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SloGAtion-aware anchoers [He et al, MOBICOMO3]
SifiErcombination of anchor positions to

== Choose three audible anchors to test whether
It’s Inside the formed triangle.
— Repeat the test till all combination are
exhausted or accuracy is achieved.

— Compute center-of-gravity of intersection to
determine its estimated position.
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HEPNNGcalization Niculescu & Nath;
GLOBECONV-OdN™

RENGE-free; Assumerasmall number of
[BEELBNEEWANEIERCHIOISI
All rJ_O ini the network obtain the shortest
diBtance to every anchor
EZGhlanchors floods its location with a hop-count to the
SWhole network

~— Each node maintains the minimum hop-count for each
anchor

® The system estimates average hop distance based
on distance and hop-count among the anchors.

e Use triangulation to estimate location.
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Data Management

= Storage Management
— Query Processing

® |Location Tracking

® Conclusion
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Claraciztisiles o Sensor
Ne& OIKS

> __‘ity

Ocean Sensor
Networks

M AN AN
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I e =ormulation
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= Mobility
"_——'#"’ﬁ()des
s No stable

infrastructure

[Lange number of

'“Attrlbute based routing:

— Directed diffusion
— Rumor routing

® Epnergy-aware routing:
— Minimum-energy broadcast
— Energy-aware routing to a region

05/09/2007 MDM2007 Tutorial

® Packet will reach every node that is
reachable from S, incurring excessive
traffic and cost.
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T
EXgPEcied zone — therregion where the

W&D_(Lmstl ated by.S)..

_ber off nedes to whom a message
, loute request, packet) is

tﬂB'ased on flooding In a selected » a
region/path.
[Ko, MOBICOM98]
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. SHiCEtiIENEnesinzonersiouldicover:
isource node S and the expect zone.

iStance(S,D)

X
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PBIMeter Stateless Routlng__
[Karp & Kung MOBICOMOO]

. Geo-Routing Protocols for Sensor Networks ==

— Greedy Perimeter Stateless Routing (GPSR)

|
1 w2 @

Jiopologies where wireless nodes are roughly in a
plane

* Two packet forwarding modes
— Priority-Based Stateless Geo-Routing (PSGR) _ Greedy Forwarding
— Trajectory Based Forwarding (TBF)
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__'he locally’ optimal choice of next hop is the
= peighbor geographically closest to the packet’s
~  destination.
® On a dense network, greedy forwarding
approximates to shortest-path routing.
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SimunicatienR\eid™

Reach local
maximum

05/09/2007 MDM2007 Tutorial 05/09/2007

Sequence of edges traversed is called a
perimeter
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Right Hand Rule:

Each node to receive
a packet forwards the
packet to the next
link counterclockwise
about itself from the
incoming link




SIepIETTMith thesRight Hang ENNORErossingrHeuristicy

—

C. —
Remove Whichever of
the Two Crossing Edges

it Reaches Second Works for :
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Greedy fails

Greedy ¢ Perimeter T e
Forwarding A . IoUE packet until it reaches the

Greedy works Coresponding face.

(left local maximum) The packet will tour unsuccessfully
around the entirety of the face

* |t will reach the node nearest to the
* Perimeter forwarding is for recovering from destination
a local maximum.
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.

' changes

s'Most of geo-routing protocols are
stateful, 1.e., based on cached location ® Truly state/ess geo-routing protocols are
Information of neighbor nodes. needed for dynamic sensor networks.

networks
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A

_ -.——No PES inside the forwarding region

* Impact of Transmission Range on Routing
Performance
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Station collisions

I SIASSIgN a unigue acknowledgement

precedence value to each location point,

in accordance with a total order
relationship.

— Problem:

* There is an infinite number of location
points
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PrioritizeeSASslaIgefe/rriani

——701¢e Size
— acknewledgment timer.
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orwaselipepZerles

0 ij the forwardlng

o

- : holder
st All'forwarders in the

same zone have the
same priority.
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e Iumber of hops

=Wodified DTD (M_DTD): reduces the ack
= delay and thus the routing latency

Sector 2
destination

D—e
forwarding
zone 1

Sector 1

©
Destination

forwarding
zone 2
forwarding Sector 3
zone 3
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drlefzleice/ezlY
Zo)f -' SIZENS too Iarge > dupllcated ack & delay.

— The time a forwarder waits before it acks.

— The time should be long enough to
accommodate the hop delay, which is obtainable
from propagation delay, transmission delay and
gueuing delay.

05/09/2007 MDM2007 Tutorial 65

SVl=RPathr Reuting

- Multicast %7@
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a——

[Nlculescu & Nath,
VIOBICONM. 2008]

= Greedy function based on distance to the

trajectory, not to the destination.

® JBF is able to work over a variety of
coordinate (positioning) systems.
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Eslies. In TBE

ONCIIBESEIENIEXANIBRZA
— ._nlmum deVIatlon

* How! to represent a trajectory?

* How: te encode trajectory so nodes can
interpret it?

05/09/2007 MDM2007 Tutorial




EE5IIe DEsignS for
2 Locatipn SEVIcE

"’iral Static location server.
Nﬂot fault-tolerant
~Central server overloaded

s Distributed Location Services
— Every node acts as server for a few others.

— Good for load balance and fault-tolerance
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féographic Routing needs a
lGeation service!

OCALION SERVice, L e

“VIOBICOMOO0]

710 a spatial quad-tree and use
PUted sensor nodes as location servers

|—' -
=elC

.h’tion Servers

—the closest successor, the node that has the
smallest ID larger than x.

® To locate a node x
— Recursively seeking for the closest successor
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one location server in each sibling quadrant.




— ——

Nn’'s successor in

“each sibling
guadrant knows
about n.
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POCa0nN LLookup

9 #—-—4
1
1 |

9

Node 17 looks BAileless Sensor Networks

“fornode 2

29

— Storage Management

19

= Query Processing
® | ocation Tracking
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e Conclusion
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_;“Events stored locally at the sensor
nedes

—Queries are flooded to all nodes and
the events are sent back
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Local Stdrzle[sN(Es)) -
: = 'EE[|
gy ;.

Queries flooded
to all nodes

o
(@)
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[==4

—
IETR1-ST0LA0E (ES) ™ 0=

= QUENES

——
N

External Sto rage
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BIEACH attribute or event corresponds to a
VoAl SPace

~ |ocation

® Queries are directed to the storage
node
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ENLIIC, STOIA0E

Eg,) La g’ SealeNeeeaheserappreximate
e forwarchD JeByrephiciboundaries are known
the DCS NBUEsthave short range communication

(0] _ , are within the radio range of several
= other nodes

= s 'Nodes know their own locations

® Communication to the outside world takes
place by one or more access points
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_ rﬁ‘o‘l’ﬁc IHasiNERes(Eisiy

[Rathasamy/ et al,
WSINARA 02

EEUNOnNEEeEROUIHNG

® | 0ad balanced via hashing

05/09/2007 MDM2007 Tutorial 05/09/2007 MDM2007 Tutorial




S

LS EStEaN RN tHENSENSEd datarassociated
WILHRCErtaIn! /ocatiors rather than specific
SENBEIFNOOES.

Sspatialiauery processing has been

__;.,'Xtensively studied in the DB community.
~ s Hoew do we process spatial queries in

—Recomputed periodically to allow for location-aware WSN?

changes — Window Query

— K Nearest Neighbor Query
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: ropagating the query inside the
= Window

. Collecting and aggregating the data
Inside the window

. Returning the query result back to the
user
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IrifrastrigivgeRies AppIoaci

SNlsiiestructure-hased approach
A - —

e

— —Recursive propagation
- —|tinerary-based propagation
—Resilient to the network topology
transitions
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ao)e|feal

 Winiclowks gziplalnieh baiif

aStichiieE
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epcrand ERergy Awale
N0 (CEAR);

[Yuret: al.,
ULA TR_ 2_001]

s 'Each nede knows its neighbors’ position
(beacon) and their remaining energy levels

® [inks (Transmission) are bi-directional
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Recursive
OF’ropagation

—recursive geographical forwarding will not

terminate
—Strict flooding
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BEININEIE.CONAILION L

Elirentneuensshesonly nodesmisil-
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RINCAINSSUES

—

- liNErary

N
" Data Collection
Referenc

05
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[Demirbas et=alr,
P2P 2008

SIDESIONed to support
georiree == SSpatial gueries such

= sitinerary based query processing
—IKNN nearest neighbor
gueries
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"E:Results obtained by root are
transmitted back to source node
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Etaton
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— [J. Winteret:als,
r10¢ 4NN querles VISDN2OOA,

: _ Mobiguiteus 2005]
llisactveliyAinedstheseeesneanest

-a bounded search structure (called

KPP constructed around home node

—Nodes within a bounded region participate
In trees rooted at perimeter nodes and
receive guery from parent
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" : =Waintain k nearest locations of forwarding nodes
~ — Boundary computed as k-th NN location to g
* MHD: (Maximum Hop Distance)
— Maintains largest hop distance on path to home
— Boundary computed as k * MHD
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: ﬂ'-—Localized KPT: better than the above

twos, but estimating the region is
difficult.

05/09/2007 MDM2007 Tutorial

. ilus, we consider
IEWAtInErary, called

= query point or the node
closest to the guery point

® The processing stops
when KNN are collected
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[YeXuret. al.,
Sifo Processmg]

KNN

® Query processing automatically stops when
KNN' are collected
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Zaton

'periodically to check
the partial query
result
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=N ata Management

== — Storage Management
— Query Processing

s |.ocation; Tracking

® Conclusion
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AdINgS o the
ISEsstation periodically or when the
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= féCt tracking is considered as a killer app

for sensor networks

~ s/ oration is particularly interested

® Energy efficiency issue is very important
for sensor networks
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__"':Station makes a prediction of object
cation and sends it to the appropriate
= SENsor nodes

s A sensor transmits its reading only when the
reading is different from the predicted one

® Trading computation for communication
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[Y. Xu et. al.,

Vobiguitous 20041 [Peng et:al.,

VMBVF2006]

Shistory | df de to th t . :
HISLOIYIST [9ASSEQ TF0IM a SENSOI NOGE 1O TNE NEX 5B 7 hlerarChICaI

'Sensor node.
~ — Needs to synchronize predictions between nodes and
pase station
s Sensor node sends detected (actual) location data mining and
information to base station if prediction is prediction
inaccurate
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ariiralizec N gtzcy

Centric Storage Node \ _ rel : [J. Xu e{'-.—él.,

—

~ O . SECON 2005]
// AN O
@ ® @
P ®
// e ® Detecting Cluster Head
® @

O | .
@ ® o = s'Roele of centric storage node

: ® — Storage server of error-bounded low-precision
data

® High-precision location incurs high update cost. — Index server of current local storage node
= Not all applications require high-precision location. (changes as the object moves)
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Querying Node




atlnEQ‘Protocol = L_OES}L -

Querying Node 00 0°C Detecting Node
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SEEENErotocoI™= Remote)
—

—

eviewed existing works in localization,
geo-routing, spatial query processing and
location tracking

e Research effort is still need to realize
location-aware wireless sensor networks
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