
Poster Abstract: Architecture for redundant knowledge 
reduction in embedded Fuzzy Rule-Based Systems into 

Wireless Sensor Network nodes  
J.Fernandez-Prieto1 J.Canada-Bago1 J.Cuevas-Martinez1 M.Gadeo-Martos1 J.R.Velasco2 

1University of Jaén 
C/ Alfonso X el Sabio nº.  28 

23700 - Linares (Spain) 
+34 953648628  

{ jan, jcbago, jccuevas, gadeo }@ujaen.es 

2University of Alcalá 
Campus Universitario N-II, km. 31,5 
28871 - Alcalá de Henares (Spain) 

+34 918856633 

juanra@aut.uah.es

 
 

 
 

 

ABSTRACT 
Nowadays, growing interest exists in the integration of artificial 
intelligence technologies into Wireless Sensor Networks. 
However, little attention has been paid to integrate Fuzzy Rule-
Based Systems in these networks. The objective of this work is to 
optimize the design of embedded Fuzzy Rule-Based Systems by 
means of redundant knowledge reduction considering the lack of 
accuracy. Results have shown that a right redundant knowledge 
reduction produces a great increase in time of battery discharge 
and a remarkable decrease in battery consumption.   

Categories and Subject Descriptors 
C.2.1 [Computer-Communication Networks]: Network 
Architecture and Design–Wireless communication. C.2.4 
[Computer-Communication Networks]:  Distributed Systems–
Distributed applications. I.2.3 [Artificial Intelligence]: 
Deduction and Theorem Proving–Inference engines. 

General Terms 
Experimentation, Measurement and Performance. 

Keywords 
Fuzzy Rule-Based Systems, Wireless Sensor Networks. 

1. INTRODUCTION 
Inside the growing tendency to include artificial intelligent 
technologies in Wireless Sensors Networks (WSNs) [1][2], the 
proposal of using Fuzzy Rule-Based Systems (FRBSs) [3] 
emerges into WSNs [4][5][6]. Considering that nodes in a WSN 
present strong constrictions in processing capability, memory and 
battery, it becomes necessary to pay special attention to the 
FRBSs design. In this process, the generation of the Knowledge 
Base (KB) has a special influence over the resources consumption 

and determinates the accuracy of the FRBS outputs. In order to 
reduce the computational burden of these FRBSs, it is necessary a 
KB adaptation. For this reason, in this paper we propose carrying 
out the following tasks: redundant rules reduction, error analysis 
and KB transformation. 

2. REDUCTION OF REDUNDANT RULES 
VERSUS ACCURACY REDUCTION IN 
EMBEDDED FRBSs OVER WSN.  
An indiscriminate reduction of rules can produce lack of accuracy 
in control or modeling problems. For that reason, it would be 
advisable to evaluate the accuracy reduction which is associated 
with redundant rules elimination. So, the absolute error between 
the output of the FRBS with the original KB and the output of the 
FRBS with the reduced KB must be calculated for a wide set of 
system states. 

3. MODULAR ARCHITECTURE FOR 
KNOWLEDGE BASE GENERATION 
A modular architecture has been proposed to implement the 
mentioned tasks. 
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Figure 1. Modular architecture. 

This architecture (Fig. 1) provides: a) a visual interface for easy 
fuzzy rule development; b) a module for redundant knowledge 
reduction to optimize the generated KB; c) a module for analysis 
of error to evaluate the accuracy reduction; d) the communication 
protocol, which is being designed to manage multipurpose sensor 
networks, to transmit this KB to the desired nodes and to receive 
data from the sensor nodes. 
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4. EXPERIMENTAL RESULTS 
A test-bed has been implemented to make easy the execution of 
tests over FRBSs embedded in WSNs. This test-bed (Fig. 1) is 
composed of a control PC connected to the internet and an array 
with a maximum of 20 Sun Spot [7] sensors which are managed 
via a Sun Spot base station. Isolated USB hubs are use to charge 
the nodes when it is necessary. 

To illustrate the effectiveness of the proposed methodology, one 
experiment has been performed with a KB which models the 
behavior of one plague of the olive tree: the Prays.  

 
Table 1.  Reduction of redundant rules in the KB. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Absolute error distribution. 

 
Table 1 shows the original KB where can be noticed three 
reductions of redundant rules. Starting from the original KB with 
15 rules, another KB has been obtained with 11 rules. As can be 
observed in Figure 2, the lack of accuracy is negligible, and then 
the proposed KB reduction must be accepted. 

Table 2.  Comparison of the number of necessary inferences to 
produce a 10 % discharge in battery. 

  
(mA/h) (%) 

KB 
Number of 
inferences 

Battery 
consumption 

Increase in 
number of 
inferences 

Number of 
rules 

Original 1076000 72.12 0.00 15 

Reduced 1544000 71.94 43.49 11 

 
In order to evaluate the benefits of using a free redundant KB, two 
sets of measurements have been performed: 1) the number of 
necessary inferences to obtain a 10 % discharge in battery. The 
obtained results (Table 2) show that the use of this free redundant 
KB versus the original one makes possible an increase of 43.5 % 
in the number of inferences; 2) the run time and battery 

consumption necessary to execute 4000 continued inferences. The 
obtained results (Table 3) show that the use of this free redundant 
KB versus the original one saves around 26% in battery 
consumption. These two reductions have been obtained without 
an appreciable lack of accuracy in modeling (Figure 2). 

 
Table 3. Comparison of the run time and battery consumption 
necessary to execute 4000 continued inferences. 

(ms) (%) (mA/h) (%) 

KB Time 
Increase 
of time 

Battery 
consumption 

Increase of 
consumption

Number 
of rules 

Original 8959.2 0.00 0.28668 0.00 15 

Reduced 6643.1 -25.85 0.21211 -26.01 11 

 

5. CONCLUSIONS 
In this paper, we have presented a strategy to decrease the 
computational burden of embedded FRBSs in WSNs, which 
incorporates a module to reduce redundant knowledge in KBs and 
to analyze their lack of accuracy in order to evaluate the 
convenience of their application. Results have shown the 
effectiveness of the proposed approach to make possible the 
optimization of embedded FRBSs into a sensor.  
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