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Abstract. Several studies have demonstrated that communications are more
efficient when cooperative group-based architectures are used in wireless sensor
networks (WSN). This type of architecture allows increasing sensor nodes’
lifetime by decreasing the number of messages in network. But, the main gap is
to know how to take cooperative decisions in order to make the right
communication. In this paper, we analyze the main aspects related to
collaborative decisions in WSNs. A mathematical analysis will be presented in
order to take the correct decision. Finally, the simulations will show the
efficiency of the method used to make cooperative decisions in WSNs.
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1 Introduction and Related Work

Nowadays, there are a lot applications based on WSNs [1]. Most of them are based on
centralized or distributed architectures, but we proved in a previous work that group-
based architectures are more efficient in terms of performance and energy [2].
Moreover, we proved the benefits of a cooperative group-based WSN for
environmental monitoring in [3]. In this case, when a group detects an event, it warns
the alert, jointly with the parameters measured, to its neighboring groups. Cooperation
with other groups could change the direction of the alert propagation and the level of
the alert. According to this cooperation, the sensor network was efficient and the
sensors had a longer lifetime [4]. But, how the sensor nodes take the cooperative
decisions? There are some works, where the authors talk about the process to take the
correct cooperative decision. For example, in [5], the authors propose a new approach
to estimate the credibility of decision makers in a knowledge grid environment. They
developed a new fuzzy operator, which aggregates decisions made inside the decision
makers’ community and considering the credibility of the decision makers.

In [6], there is another work where authors explain how to make distributed
decisions in cooperative systems. They define cooperation processes and a set of
models that are able to support designers of cooperative decisions. These models
come from a more general architecture of a Cooperative Knowledge Based System
and are based on the knowledge acquisition field. Finally, a paper which revises the



group decision over cooperative work is shown in [7]. The authors review the group
decision support systems (GDSSs) that have been configured to meet the needs of
groups at work, and they evaluate the experience to date with such systems.

There are more papers with systems taking collaborative decisions, but none of
them are designed for WSNs. Moreover, there is not any system for cooperative
group-based WSNs where the decision is agreed with their neighbors based on their
sensed parameters. In this paper, we assume that the energy consumed by processing
tasks is lower than the power consumed in transmission [4], so a collaborative
decision system will allow saving energy in the WSN.

The rest of the paper is organized as follows. In section 2, the mathematical
analysis used for taking cooperative decisions in group-based WSNs is described. In
Section 3, the simulation that shows the efficiency of the decision system is provided.
Finally, in Section 4, we draw the conclusion.

2 Cooperative Decision

The cooperative decision system described in this section has been designed for the
cooperative group-based WSN for environmental monitoring presented in [3]. In this
system, the network is divided into groups, in which each group is formed by several
sensor nodes. All sensor nodes sense several parameters. The parameters sensed by
each node and the cooperation between groups make an efficient monitoring network.
During the observation time, each sensor node gathers 4 parameters: temperature of
the environment T = {t,, t;,ty, t3, ..., t,}, humidity is H = {hg, hy, hy, hs, ..., Ry},
wind W = {speed, x,y,z} and fire F = {fyes,fno}. Where T can be in Celsius, H is
humidity in %, the wind variable, formed by its speed and the direction, and, finally,
the fire variable, which gives the presence of fire. According to these parameters we
define 6 network states (see Table 1).

Table 1. Possible states of our cooperative group-based WSN.

State Definition

SO No fire + No wind + High humidity > hs + Low temperature
S1 No fire + No wind + Low humidity < hs + High temperature
S2 No fire + Wind + Low/high humidity + High temperature
S3 Fire + No wind + High humidity > hs + Low temperature
S4 Fire + No wind + Low humidity < hs + High temperature

S5 Fire + Wind + Low/high humidity + High temperature

We have also defined 6 actions that can be performed by the network in each state.
When the network is idle, action 40 happens (no alert). When there is low humidity
and high temperature (41), level 1 alert is sent to the same group. Action 42 will send
the level 1 alert to the same group and to neighboring groups in the same direction of
the wind. 43 sends the level 2 alert to the same group and this action is taken when
there is a fire. A4 sends the level 3 alert to the same group and this action is taken
when there is a fire, wind, low humidity, and high temperature. Finally, 45 sends the
level 3 alert to the same group and to all neighboring groups, and this action happens
when is there is a fire, wind, low humidity and high temperature.



Each state has an adequate action. The network must be able to choose the most
appropriate action according to its state and on what is happening. In order to do this
process, we used a decision system which is based on the uncertainty. The decision
maker knows the possible states, but it does not have any information about which of
them is the best state to be changed to. Not only it is unable to predict the next state,
but also it cannot quantify in any way this uncertainty. In particular, this excludes the
knowledge of probabilistic information on the possibilities of occurrence of each
state. In order to develop the decision criterion it has to know the matrix of criteria
(see Fig. 1a), where in each box is defined by the probability of performing an action
for a state. It will be performed by each node, e.g. brown node in Fig. 1b.

States
S0 S1 S2 S3 N S5
A0 | Xo0 | Xou Xo02 | Xo3 | Xo4 | Xos5
Al X10 | X1 X2 X13 | Xi4 | Xi5
Action | A2 | Xp0 | Xo1 | Xoo | X253 | X4 | Xos &
S A3 | X30 | Xau | X3a | X33 | Xsa | X35 *
A4 | Xao | Xan | Xap | Xa3 | Xaa | Xas
A5 | Xs0 | Xsu Xs52 | Xs53 | Xs54 | Xs55 .
Fig. 1a. Matrix of criteria. Fig. 2b. A group of our proposed WSN.

The matrix of criteria is based on the criterion of Savage [8], which indicates that
the decision maker compares the result of an action under a state with all other
outcomes, regardless of the state under which they occur. However, the state is not
controllable by the decision maker, so that the result of an action should only be
compared with the results of the other alternatives under the same state of nature. For
this purpose, Savage defines relative loss or loss of opportunity r;; (see equation 1)
associated with a result x;; as the difference between the result of the best alternative
because Si is the true state and outcome of the action 4; under the state S;.

Tij = 1g}{i§1{xk,j} — Xij (1)

But the Savage criterion propose to select the action that provides the smallest of
the major losses suffered (p;), i.e., if r; is defined as the greatest loss that can be
obtained by selecting the action A4; (see equation 2).

pi = max{r;;} (2)

1sjsn

For the application of this criterion, the node calculates the matrix of relative losses
which consists of the 7;; elements. Each column of this matrix is obtained by
calculating the difference between the maximum value of that column and each one of
the values listed. For selecting the best action in each state we use the equation 3.

r(4,S;) = {

maxak{x(Ak,Sj) - x(Ai,Sj)} Good decision} 3)
x(Al-,Sj) - min{x(Ak,Sj)} Bad decision

3 Simulation of the cooperative decision system

In order to evaluate the accuracy of our cooperative decision system we simulated
it. We took the example provided in Fig 1b. This simulation has been done using



Matlab. In each case when an event happens in a sensor node, it will send an
information request to its neighbors, which will reply with their information and, after
taking a decision based on the information received, it will reply with the decided
action. Figure 2a shows the protocol procedure. We have defined 20 possible cases
making a matrix of criteria. Then, we applied our decision system based on the
Savage criterion during 100 times. Fig. 2b shows the estimated average for each case.
In this figure we can see the action selected by each state. The best solution in each
state is the action with the same subscript, i.e., S, 2 4,. We can see in this Fig 2b that
our system is not perfect, but it only has an error of 3.52%.
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Fig. 3a. Protocol procedure. Fig.2b. Cooperative decision system simulation.
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4 Conclusion

In this paper we propose a cooperative decision system based on several
parameters for selecting the better action in a group-based WSN for environmental
monitoring. According to this decision, the sensor node sends the appropriate level
alert to its group or to the appropriate neighboring groups. Simulation shows that the
accuracy of the criterion is quite good because the system only has an error of 3.52%.
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