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Wireless Video Sensors (1) 
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Wireless Video Sensors (2) 
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Surveillance scenario (1) 

  Randomly deployed video 
sensors 

  Not only barrier coverage 
but general intrusion 
detection 

  Most of the time, network 
in so-called hibernate mode 

  Most of active sensor 
nodes in idle mode with low 
capture speed  

  Sentry nodes with higher 
capture speed to quickly 
detect intrusions 
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Surveillance scenario (2) 

  Nodes detecting 
intrusion must alert 
the rest of the 
network 

  1-hop to k-hop alert 
  Network in so-called 

alerted mode 
  Capture speed must 

be increased 
  Ressources should be 

focused on making 
tracking of intruders 
easier 
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Surveillance scenario (3) 

  Network should go 
back to hibernate 
mode 

  Nodes on the 
intrusion path must 
keep a high capture 
speed 

  Sentry nodes with 
higher capture speed 
to quickly detect 
intrusions 
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Node’s cover set 

 Each node v has a Field of View, FoVv 
 Coi(v) = set of nodes v’ such as  
∪v’∈Coi(v)FoVv’ covers FoVv 

 Co(v)= set of Coi(v) 

V4 
V1 

V2 

V3 

V 

Co(v)={V1,V2,V3,V4} 
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Real scene 

Don’t miss important events! 

Whole 
understanding 
of the scene 
is wrong!!! 

What is captured 
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How to meet surveillance 
app’s criticality 

 Capture speed can be a « quality » 
parameter 

 Capture speed for node v should 
depend on the app’s criticality and on 
the level of redundancy for node v 

 V’s capture speed can increase when 
as V has more nodes covering its own 
FoV - cover set 
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Criticality model (1) 

  Link the capture rate 
to the size of the 
cover set 

  High criticality 
  Convex shape 
  Most projections of 

x are close to the 
max capture speed 

  Low criticality 
  Concave shape 
  Most projections of 

x are close to the 
min capture speed 

  Concave and convex 
shapes automatically 
define sentry nodes 
in the network 
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Criticality model (2) 

  r0 can vary in [0,1] 
  BehaVior functions 

(BV)  defines the 
capture speed 
according to r0 

  r0 < 0.5 
  Concave shape BV 

  r0 > 0.5 
  Convex shape BV 

  We propose to use 
Bezier curves to model 
BV functions  
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Some typical capture speed 
  Maximum capture speed is 6fps or 12fps 
  Nodes with size of cover set greater than N capture at the 

maximum speed 

N=6 
P2(6,6) 

N=12 
P2(12,3) 
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Finding v’s cover set 
P = {v ∈ N(V ) : v covers the point “p” of the FoV}

B = {v ∈ N(V ) : v covers the point “b” of the FoV}

C = {v ∈ N(V ) : v covers the point “c” of the FoV}

G = {v ∈ N(V ) : v covers the point “g” of the FoV}


PG={P∩G} 
BG={B∩G} 
CG={C∩G} 
Co(v)=PG×BG×CG 
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Large Angle of View 

g 

p 

b c 
v1 

v2 

v3 

v6 

v5 

v4 

2α=60° 

g 

p 

b c 
v1 

v2 

v3 

v6 

v5 

v4 

2α=60° 

Co(V)= {

{V }, 

{V1, V4, V6}, 

{V4, V5, V6}

}




17


Small Angle of View 

g 

p 

b c 
v1 

v2 

v3 

v6 

v5 

v4 

2α=30° 

Co(V)= {V}

g 

p 

b c 
v1 

v2 

v3 

v6 

v5 

v4 

gv 

gp 

Co(V)= {

{V }, 

{V1, V3, V4},

{V2, V3, V4}, 

{V3, V4, V5},

{V1, V4, V6},

{V2, V4, V6},

{V4, V5, V6}

}


PG={P∩gp} 
BG={B∩gv} 
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Comparison of cover-set 
strategies 

COVwoG 
•  Only triangle’s points, without point G 

COVwG 
•  Triangle points, with point G 

COVwaGpv 
•  Triangle points, with alternate gp & gv 

COVwaGbc 
•  Triangle points, with alternate gp, gb & gc 
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Implementation issues 

1 
• Needs the coordinates of sensor nodes 

(GPS, …) 

2 • Needs the camera directions (compass) 

3 
•  Coordinates of significant points can easily 

be determined given p, b & c 

4 
• Determining whether a point x is inside a 

triangle (p,b,c) is done geometrically  
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Testing for Point Inclusion in 
a Triangle 

« Efficient 2-D Geometric Operations » by 
Carlos Moreno, http://www.mochima.com 

These operations  « are based 
exclusively on the orientation of 

triplets of points » which 
requires « only three real 

number multiplications and five 
additions ». « No trigonometric 

function calculations are 
involved. »  
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Simulation settings (1) 

 OMNET++ simulation model 
 Video nodes have communication range of 

30m and depth of view of 25m, AoV are 
36° & 60°.  

 Deployment field is an 75m.75m area. 
 Full coverage is defined as the region 

initially covered when all nodes are active 
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Accuracy of cover set (1) 
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Accuracy of cover set (2) 
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Accuracy of cover set (3) 
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The advantage of having 
more cover-set (1) 

N=6 
P2(6,6) 

N=12 
P2(12,3) 
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Simulation settings (2) 

 OMNET++ simulation model 
 Video nodes have communication range of 

30m and depth of view of 25m, AoV is 36°. 
175 sensors in an 75m.75m area.  

 Battery has 100 units, 1 image = 1 unit of 
battery consumed. 

 Max capture rate is 3fps. 12 levels of cover 
set. Criticality level r0=0.8. 

 Full coverage is defined as the region 
initially covered when all nodes are active 
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Occlusions/Disambiguation 
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The advantage of having 
more cover-set (2) 

Sliding winavg of 20 

Mean 

Intrusion starts at t=10s 
Velocity of 5m/s 

Scan line (left to right) 
COVwaGbc 
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%coverage, %active nodes 
COVwaGpv vs COVwaGbc 

COVwaGbc provides a higher network lifetime while maintaining a 
%coverage close to the COVwaGpv strategy 
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Defining sentry nodes 

0 <5 <10 <15 >15 

# of cover sets 
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mean stealth time 

t0 t1 

t1-t0 is the intruder’s stealth time 
velocity is set to 5m/s 

intrusions starts at t=10s 
when an intruder is seen, compute the stealth time, and start a 

new intrusion until end of simulation 
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mean stealth time 
COVwaGpv vs COVwaGbc 
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Sentry nodes  

0 <5 <10 <15 >15 0 <5 <10 <15 >15 

# of cover sets # intrusion detected 
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Conclusions 

 Simple method for cover-set 
computation for video sensor node 

 Takes into account small AoV and AoV 
heterogeneity 

 Used jointly with a criticality-based 
scheduling, can increase the network 
lifetime while maintaining a high level 
of service (mean stealth time)  


