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Abstract: In the present paper, a generalized net model for stationary wildfire allocation with the
purpose of early detection and containment of fires is proposed. It is based on intuitionistic fuzzy
estimates. The proposed method may take into account both cost efficiency and performance for
producing a candidate distribution, which meets a predefined criterion.
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1 Introduction

During the last decades the intensity of wildfires worldwide has increased. The damages incurred
form these incidents have high socio-economical impact.

This requires not only timely but cost efficient solutions which could help both in the pre-
vention and the containment of forest fires. For this purpose it is required to provide a flexible
framework which could act both as an early detection system but also provide real time tracking
capabilities.

One possible way of addressing this hazard is by installing stationary fire detecting sensors
(here we will not focus on the particular type of sensor but we will concentrate on the general
features such placement should have). Thus a network of sensors can operate as detection system
and, if they are properly aligned, filter false alarms by requiring two or more sensors to verify the
occurrence of fire.
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Further we investigate the feasibility of approaching this problem using both generalized nets
and intuitionistic fuzzy sets as tools. We will consider assigning intuitionistic fuzzy estimates of
appropriateness of location based on several factors – cost, efficiency, proximity of human settle-
ments and finally presence of topographical specificities obstructing/helping for the fire contain-
ment.

2 Preliminaries and assumptions

Here we briefly remind some general definitions and notions we will require. The notion intu-
itionistic fuzzy set was introduced by K. Atanassov in 1983 (see e.g. [3]). Sometimes, these sets
are also referred to as Atanassov sets [2].

We will briefly discuss some basic notions related to both constructs.
Let X be a universe set, A ⊂ X. Then a mapping µA : X → [0, 1] is called membership of

the element x from X to the set A. Thus a fuzzy set A∗ may be defined as the set of couples:

A∗ = {〈x, µA(x)〉|x ∈ X}

An intuitionistic fuzzy set requires two mappings µA : X → [0, 1] and νA : X → [0, 1] such
that for all x ∈ X,

µA(x) + νA(x) ≤ 1 (1)

Definition 1. We call the set of ordered triples (cf. [1])

A∗ def
= {x, µA(x), νA(x)|x ∈ E}

an intuitionistic fuzzy set (IFS) and the mapping πA, which is given for all x ∈ X by

πA(x)
def
= 1− µA(x)− νA(x), (2)

a hesitancy function.

Further we will assume several things:

• the sensors to be allocated are omnidirectional (covering a ball-shaped region) and have a
fixed radius of certain detection δ and maximum detection range ε (ε > δ).

• the total area that is considered for allocation is the area that can be affected by fire and
regions neighboring to potentially ignitable areas.

• each possible allocation point is assessed in three ways – proximity of human settlements
/ endangered species habitat, burnable area covered, specific features of the neighboring
topography which can impede/help with the eventual fire containment.

We construct three intuitionistic fuzzy setsA,B,C corresponding to the aforementioned three
criteria for every allocation point x from the universe X, corresponding to the total area consid-
ered for allocation.
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Figure 1: Generalized net model

3 Generalized net model

Here we present a generalized net model (see [4, 5]) of fire sensor allocation process using in-
tuitionistic fuzzy estimates with cost and redundancy as constraints. We will use the following
intuitionistic fuzzy set:

D = {x,min(µA(x), µB(x), µC(x)),max(νA(x), νB(x), νC(x))|x ∈ X}

to determine the suitability of the location for placement and a predefined compliance criterion
for the placement P. We say that a sensor placed at x ∈ P is compliant if:

µD(x) ≥ u; νD(x) ≤ v

where u, v are threshold values, and
On Fig. 1 is shown a generalized net model for the decision of sensor allocation.

• In Z1 preliminary placements are generated or a feedback of the discarded placements is
obtained

• In Z2 feasible placements are evaluated

• In Z3 the current best solution is evaluated

A token starts in place L1 with initial characteristic values of the current placement. The
cost of the placement is calculated and if it is acceptable the token continues either to L2 or
L3 depending on the predicate. Otherwise it is passed to L4, and the beta token residing there
obtains this placement as characteristic. All discarded placements are eventually collected to L4.

In places L5 and L6 the token gets additional assessment. The discarded placements are returned
via L8 to L4. L9 holds the best current placement and discards it upon finding a better one to L8.

If no better placement exists, the best placement is passed to L7.

The formal description of the net is as follows.

Z1 = 〈{l1, l4, l8}, {l2, l3, l4}, r1〉
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where

r1=
l2 l3 l4

l1 W1,2 W1,3 W1,4

l4 false false true
l8 false false true

and

• W1,3 = “the placement cost does not exceed the available resources; all sensors of the place-
ment are compliant and the placement is not found within the list of discarded placements
in place L4”.

• W1,3 = “the placement cost does not exceed the available resources; at least one sensor is
compliant and the placement is not found within the list of discarded placements in place
L4.

• W1,4 = ¬W1,2 ∧ ¬W1,3

Z2 = 〈{l2, l3}, {l5, l6}, r2〉

where

r2=
l5 l6

l2 W2,5 W2,6

l3 W3,5 W3,6

and

• W2,5 = W3,5 = “the placement does not have redundant sensors (at distance less than δ)”.

• W2,6 = W3,6 = ¬W2,5

Z3 = 〈{l5, l6, l9}, {l7, l8, l9}, r3〉

where

r3=
l7 l8 l9

l5 false W5,8 W5,9

l6 false W6,8 W6,9

l9 W9,7 W9,8 W9,8

and

• W5,8 = W6,8 = “the placement covers less area than the current best placement or it covers
the same area but at higher cost or the placement covers the same area, has the same cost
but has less complying sensors”.

• W5,9 = W6,9 = ¬W5,8

• W9,7 = “all placements have been checked or there cannot exist a better placement”

• W9,8 = “a better placement has been found”

• W9,9 = ¬W9,7 ∧ ¬W9,8
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4 Conclusion

In the present paper, we discussed a generalized net model for stationary fire sensor allocation
which can be used to estimate a close to optimal in the sense of covered area and diminished
redundancy placements which are also compliant to “soft” rules derived from proximity to human
settlements, topographical specificities of the region, etc.
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