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Traditional Video 
surveillance 
infrastructure

Fixed Camera

Manuel deployment
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Video sensor 
surveillance 
infrastructure

Dynamic reconfiguration

Adaptive application

Save energy
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Problematics

How to Maximize the network lifetime and the coverge 
area wrt:

The camera view constraints. 

The application criticality. 
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Our proposal
Avoid redundancy with a new method based on the 
cover set classification.

Some nodes will sleep to preserve their energies

Regulate the frame capture rate wrt the application 
criticality level.

Some nodes will decrease their fps to preserve 
their energies

6

jeudi 22 octobre 2009



Outline Introduction Our proposal Simulation Conclusion Perspective

Avoid redundancy
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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)

8

jeudi 22 octobre 2009



Outline Introduction Our proposal Simulation Conclusion Perspective

Finding v’s cover set
A = {v ∈ N(V ) : v covers the point “a” 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}

AG={A∩G}
BG={B∩G}
CG={C∩G}
Co(v)=AG×BG×CG
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Finding v’s cover set
A = {v ∈ N(V ) : v covers the point “a” 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}

Co(V)= {
{V }, 

{V 2, V 1}, 
{V 3, V 1}, 

{V 2, V 4, V 5},
{V 3, V 4, V 5}}

Exemple

AG={A∩G}
BG={B∩G}
CG={C∩G}
Co(v)=AG×BG×CG
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Active node selection

Within a round, each 
node decides to be 

active or not based on 
the messages 

received from its 
neighbors

Each node sort its covers according to their 
energy

Coi=V
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Regulate the frame 
capture rate
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Application’s criticality

All surveillance applications may not have the same 
criticality level, r° in [0,1]

e.x. Environmental, security, healthcare,…

Capture speed should decrease when r° decreases

Sensor nodes could be initialized with a given r° prior to 
deployment
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How to meet 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 the cover 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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jeudi 22 octobre 2009



Outline Introduction Our proposal Simulation Conclusion Perspective

Criticality model
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
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Criticality model (2)
r° can vary in [0,1]

BehaVior functions (BV)  defines 
the capture speed according to r°

r° < 0.5 => Concave shape BV

r° >= 0.5 => Convex shape BV

We propose to use Bézier 
curves to model BV functions 
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BehaVior function
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Some typical capture speed
Maximum capture speed is 6fps

Nodes with size of cover set greater than 6 capture at 
the maximum speed
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Simulation settings

OMNET++ simulation model

Video nodes have communication range of 30m and 
video sensing range of 25m, FoV is a sector of 60°

Battery has 100 units

Full coverage is defined as the region initially covered 
when all nodes are active
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Percentage of active nodes
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Percentage of active nodes
Full coverage
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Average capture speed

150 nodes
75m*75m

Max frame capture speed=6fps
Battery decreases by 1 unit/frame
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Average capture speed

150 nodes
75m*75m

Max frame capture speed=6fps
Battery decreases by 1 unit/frame

4.63 fps in average
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Fixed vs adaptive

4.63 (fixed)

r°=1 (dynamic)
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Conclusions

Criticality model with adaptive scheduling of nodes

Optimize the resource usage by dynamically adjusting 
the provided service level
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Perspective
Extension for risk-based scheduling in intrusion 

detection systems

25

Fig. 1. Evolution of the nodes’ status

address in this paper. We want that most of sensor nodes move
to a so-called hibernate mode in the absence of intrusions:
the risk level should decrease to !0 = 0 and the sensor nodes
should decrease their capture rate. However, it is also highly
desirable that some sensor nodes still keep a relatively high
capture rate even when !0 = 0 in order to act as sentry nodes
in the surveillance system (figure 1a) to better detect intrusions
and to alert, on intrusions, all active nodes to increase their risk
level !0 to the maximum value, therefore moving to an alerted
mode (figure 1b). We called the maximum value: Criticality
threshold "0. It is depends on the application requirement in
term of criticality.
In this scenario, after some time, an alerted node which

does not detect more intrusions, should slowly go back to
hibernate mode again by decreasing its risk level !0 to 0 in
order to save energy, see figure 1c. In this figure, we can also
see that an alerted sensor node which does detect an intrusion
(all sensor nodes close to the intruder’s trajectory – dash line
– in figure 1c) stays at !0 close to the maximum value.

III. ORGANISING AND SCHEDULING VISUAL SENSOR
NODES

To fully exploit the visual node capabilities we propose that
a node captures frames at a rate that is defined by the size of its
cover-set. A cover #$!(%) of a node % is a subset of nodes such
that

∪
"′∈#$!(")

(%′’s FoV area) covers %’s FoV area. Then the
cover-set #$(%) is defined as the set of all the covers of node
%. The idea here is that when a node has several covers, it can
increase its frame capture rate because if it runs out of energy
it can be replaced by one of its covers. In addition, the frame
capture rate variation should also depend on the criticality level
of the application as discussed previously. In what follows
we will explain how we rapidly find sensor node’s cover-sets

and how different application classes, which will determine a
node’s frame capture rate, can be defined.

A. Organising visual sensor nodes
Most of the previous works have considered the known-

targets coverage problem [4], [5], [6], [7], [8], [9]. The
objective is to ensure at all-time the coverage of some targets
with known locations which are deployed in a two-dimensional
plane. For example, the authors in [8] organize sensor nodes
into mutually exclusive subsets that are activated successively,
where the size of each subset is restricted and not all of the
targets need to be covered by the sensors in one subset. In [9]
the authors organize the sensors into a maximal number of set
covers that are activated successively.
Different from the works above, our paper mainly focuses

on the area coverage problem (no known targets a priori) and
more specifically on randomly deployed visual sensor nodes.
1) Node’s cover-set: A visual sensor node % is represented

by the FoV of its camera. We consider a traditional 2-D model
of a visual sensor node where the FoV is defined as a sector
denoted by a 4-tuple %(&,"%,

−→
( , )). Here & is the position

of %, "% is its sensing range,
−→
( is the vector representing the

line of sight of the camera’s FoV which determines the sensing
direction, and ) is the offset angle of the FoV on both sides
of

−→
( . Figure 2a illustrates the FoV of a visual sensor node in

our model. In the reminder of this paper, we consider that all
nodes have the same characteristics.
Each node % covers a sector area thanks to its FoV, which

we call %’s FoV area. Then, its local coverage objective is to
ensure, at all time, the coverage of this area either by itself (if
it is active) or by a subset of its neighbors. An example of FoV
coverage is shown in Figure 2b, where nodes %1, %2 and %3
cover the FoV area of node %, represented by *+,. To compute
#$(%), The simple approach we use here is to consider points
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Thanks for your 
attention
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