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Introduction(1/2)

® Distributed sensor networks (DSNSs)

® Are important for a number of strategic

applications.
® Ex. Coordinated target detection,
surveillance ,and localization

® The effectiveness of the DSNs Is
determined to a large extent by the
coverage provided by the sensor
deployment.
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Introduction(2/2)

® Random deployment

® |s desirable, if no a priori knowledge of the
terrain are available.

® overly clustered?
® How to Improve the coverage?
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Virtual Force
Algorithm(1/10)

® Main steps
® 1. random deployment of sensors

® 2. cluster head execute the VFA to decides
the new position of each sensor

® One-time movement Is carried out to
deploy the sensors at these positions
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Virtual Force
Algorithm(2/10)

% \/Irtual force

® Attractive forces

® The two sensor nodes are too far apart from each
other

® Preferential coverage
® Repulsive forces

® The two sensor nodes are placed too close to
each other

® Obstacles
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Virtual Force
Algorithm(2/9)

kuwm/m/

Z F.+F,

j j?ﬁl

be the total (attractive) forceons; dueto preferential converage area

be the total (repulsive) force on S due to obstacles

i betheforce exerted ons; by another sensor s; J

2003-10-01 Ing=Kal Huang, MNet Lab




ﬁfﬁ

Virtual Force
Algorithm(3/9)

(Wa(d; —d)a) if dj>d,
E— o, if d; =d,

(w Rd Mo +7z) If otherwise

dij isthe Euclidean distance between sensor s and Sj
dy,, 1sthe threshold on the distance between s and Sj
%
W, (Wg) isameasure of the attractive (repulsive ) force

® The threshold distance d, controls how close
sensors get to each other.
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Virtual Force
Algorithm(4/9)
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Virtual Force
Algorithm(5/9)

® Binary sensor model

® the coverage cyy(s) of an grid point P by sensor §

1 ifd(s,P)<r
0, otherwise.

2003-10-01 [ | Huang, MNet Lab

o]




Virtual Force
Algorithm(6/9)

® Probabilistic sensor model
0, ifr+re<d(s,P)

cxy(si)=<e_aa'3, Ifr—re<d(s,P)<r+reg
1, ifr—rezd(ﬁ,P)

re(re <r)isameasure of the uncertainty in sensor detection
a=d(s,P)-(r—re)
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Virtual Force
Algorithm(7/9)

® |f r.~0 use the binary model, we attempt to
make d, as close to 2r as possible

® Drawback




Virtual Force
Algorithm(8/9)

® |f r,>0 use the probabilistic sensor model
Cx,y(s J Sj ) =1- (1_ Cx,y (S ))(1_ Cx,y(Sj ))

Cx,y(Sov) =1- H (1_ Cx,y(s ))
S €S

min{c, ,(S,)} > G,
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Procedure Virtual_Force _Algorithm (Grid. {sy.s5.---.8x})

Set loops = (O
set MaxLoops =MAX_LOOPS:
While ({oops < Max Loops)
/% coverage evaluation */
For P(x,y) in Grid, x € [, width],y € [1, height]
F{Ir 5 = {.“1[. Bep, o ,_ﬂ,!h.}
Calculate . (5:, ) from the sensor model
using (e (s;. ), cop, dyp, o, 3):
End
If coverage requirements are met
Break from While loop:
End
End
/% virtual Torces among sensors ™/
For =, £ {.*-s|, Sg, - ..-'F.I,.-}
Calculate 1 using d(s;. 5, ), dyp,wa, wp,
Calculate I 4 using d{s;, PAy, -, PAu ), dens
Calculate Fip using d{s; ., OAy, -, 0A, ), depnt
F; = Z Fii+ Firn+ Fia,j € [1,K],7#4
End
M move sensors virtually */
For =; = {.-:._ PR _,'-_'J‘.}
Fi(=:) virtmally moves =; 1o ils next position:
End
Set loaps = loops + 1,
il
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Target Localization(1/6)

® Two-step communication protocol
®yes/no message
® Detailed information
ex. Detection strength, imagery

® Advantages
® Save power and bandwidth
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Target Localization(2/6)

® Detection probability table

® Contains entries for all possible detection reports
from those sensors that can detect a target at this
gird point.

EXAMPLE PROBABILITY TABLE.

i | didads | ptable,,(7) v | didads | p-table,,(z)
T ow [ o [l [ o
| 31 Ol | ).
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Target Localization(3/6)

® Score-based Ranking
SCORE,, (t) = p_table, (i(t)) x w, (t)

Krep sy (1)
W, (t) =
Krep ()
e ko) js the set of sensors that have reported the

detection of an object

e K., (Uis the set of sensors that can detect point
P(X,y) and have also reported the detection of a
object
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Target Localization(4/6)

® Selection of sensors to query
S, (1) 1 d(S,(1), Rys) = min{d(s, Fys)}

® The sensors selected corresponding to he
ones that have the shortest distance to
those grid points with the highest scores
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Target Localization(5/6)

® Evaluation of energy savings

krep(E) Ey + E,)T7 1(t) krep(t)( Ey + E,)T1

(ko () E, + ET3 () (g ()& + £y) 10

ko () Ey + BTy 3 (1) ko (t)(Ey + E,)Ty

E,T, i (t) = E.T,

E((t)" + Ea(t)" + Es(t)” + Ey(t) JRE(T) Ey(t)" + Ea(t)” + Es(t)” + Eylt)”

'\T‘ E(t)" ) SNOE()”
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*rocedure
ocalization (Grid. {s.:, Sz, - --.sx }. TargetTrace)

F e s the maximum number of sensors that are allowed for
QUEIrVING., Py.pn 15 the threshold level for a sensor o report o the
luster head of an event. A 'argefd race starts from £.¢0,00 amd it
nds at ¥.,,.0- The simulaton time unit is 1. =

1 Set £ = Forpers

2 While (f << #,.,,.0]

M current target locatnon =f

Set Target = Targetd'race(t):

M caloulate the scores =/

Calculate S, c.pn(t) from {s31.82,---.s8%}. Varget(t), prep:

Set krepl(t) = | Sreplt)}]:

For P{oa,y) in Grid., o < [1, width], y = [1. height]
Calculate Srcpn aylt) from S,on(f) and F{x, w):
Calculate the index i(#) of p_table.,,

from Seep(t) and S,.cp o0 ()
Set krep,xy (t) = |Srep,zu(t)]:
Set wwp,, () = —pexulll,
Set SCORFE.,, () = ptable . (i(£)) = wae,(t);

End

f# select sensors for gqueryimg =/

Calculave S5,(%) from SCORE, (F) and E.oa0.

a = [1,wwdidth], u < [1, hhetghf]:

S next time instant =/

Sett = ¢ + 1;

19 End

Fig. 13. Pseudocode of the localization algorithim.
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Simulation Results(1/4)

® Binary sensor detection model
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Fig. 13 Sensor positions afier the execibn of the VPSS algonifun (hinary
semsar delection model .
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Simulation Results(2/4)

® Probabillistic sensor detection model

Fig. 18, Semsor pesitiors afker e escontion of the VEA alporitim
iprohubi Bl senaor delecton midal).
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Simulation Results(3/4)

® Sensor Field with a preferential area and
on obstacle




Simulation Results(4/4)

® Probability-based target Localization

TABLE 1M1
SENSORS SELECTED FOR QUERYING BY THE CLUSTER HEAD.

ool nats

J
)

X-coordinata

deployed by the VEA algorithm and target

84,814, 818, 519

R
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Conclusion(1/2)

® Advantages

® Negligible computation time and a one-
time repositioning of the sensors

® The desired sensor field coverage and
model parameters can provided as input to
the VFA algorithm

® The localization algorithm can reduce the
energy consumption for target detectio
and location
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Conclusion(2/2)

® Future work

® Make route plan for repositioning the
sSensors

® Detect multiple objects
® Consider about sensors nodes failures
® Examine continuous coordination systems
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