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Abstract — In the paper it has been proposed to use a fuzzy-
controller in telecommunication networks for improving
the routing process. An architecture of the fuzzy-controller
was developed. Linguistic variables, terms and membership
functions for input and output values have been defined. Rules
base has been developed. The operation of the fuzzy-controller
has been simulated

Index Terms — fuzzy, telecommunication, routing.

[. INTRODUCTION

OWADAYS telecommunication networks provide

with more and more services for the multimedia and
mobile data transmission. So, in order to provide efficient
data forwarding, modern routing protocols are needed,
because the networks become more complex and consist of
a great deal of devices. Also, they must work in different
conditions. Moreover, topology of a telecommunication
network can change rapidly and it needs allowing for when
developing the efficient routing algorithms.

Routing algorithms refer to a process of finding appropriate
path among existing ones. Often simple metrics like the
shortest path, signal strength, or node battery’s residual are
used to construct the route for data transmission. In modern
telecommunication networks such as MANET or WSN the
battery powered devices, namely laptops, smartphones and
others are widely used as mobile nodes. Because of the
limited energy resources of these devices existing routing
strategies should be adapted in order to preserve the node
energy. However, the existing routing algorithms are mostly
based on the residual energy of nodes for selecting the next
hop.

The route selection scheme efficiency can be improved by
applying modern intelligent tools to choose the most optimal
route [1-5]. Soft computing techniques, such as fuzzy
logic, neural networks, genetic algorithms, have replaced
conventional techniques in many engineering applications,
especially in control systems and have been proved to be
very effective.

Fuzzy logic system is able for reasoning under uncertainty
implementing human experiences. Thus, fuzzy logic can
be used when dealing with uncertain information while a
network shows dynamic nature.

Thus, the aim of this work is improving the efficiency
routing in telecommunication networks accounting for the
fuzzy logic application.

II. ARCHITECTURE OF THE FUZZY-CONTROLLER

Generally, a fuzzy controller consists of four main
blocks: a fuzzifier, defuzzifier, inference engine, and fuzzy
rule base. The fuzzifier transforms each input variable to
the membership functions values. The inference engine
calculates the fuzzy output depending on the rule base. The
defuzzifier converts the fuzzy output to crisp value using
mathematical formulas.

To construct a fuzzy system, the input and output linguistic
variables should be defined as membership functions. The
membership function is a graphical interpretation of the
input and output linguistic variables. Then fuzzy rules (IF-
THEN) connecting the input memberships with the output
membership should be suggested.

We propose to use in telecommunication networks a
fuzzy-controller having three input and one output linguistic
variables (Fig.1). Input linguistic variables of the fuzzy-
controller are the energy (E), a number of hops (H), and
a distance (D), its output variable is a chance of receiving
(C). Energy is the residual energy spent by each node for
transmitting and receiving packets. The number of hops to
the node represents the number of times that data must be
forwarded to reach the destination node. The distance is three-
dimensional distance to the next node. Other parameters
such as channel properties or network congestion also can
be used after adapting the fuzzy sets and rules proposed. The
defuzzified value of the output fuzzy variable, the chance
of receiving, determines the chance for forwarding neighbor
node to be selected for the next hop.

H Fuzzy-controller

Db

Fig.1. The architecture of the fuzzy-controller

CLINT3

For defining energy E terms “low”,
are used. Thus, the term set of E is:

medium”, and “high”

T(E)={Low (L), Medium (M), High (H)} .

Membership functions for T(E) are presented on Fig. 2.
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Fig.2. Membership functions for the E linguistic variable

CEINT3

For defining the number of hops H terms “few”, “several”
and “many” are used. Thus, the term set of H is:

T(H)z{Few (F), Several (S), Many (M)}

Membership functions for T(H) are presented on Fig. 3.
For defining the distance D terms “near”, “middle”, and
“far” are used. Thus, the term set of D is:

T(D)={Near (N), Middle (M), Far (F)}.

Membership functions for T(D) are presented on Fig. 4.
For defining the chance of receiving C terms “very low”,

“low”, “medium”, “high” and “very high” are used. Thus,

the term set of C is:
T(C)z{Very low (VL), Low (V),

Medium (M), High (H),Very high (VH)}.
Membership functions for T(C) are presented on Fig. 5.
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Fig.3. Membership functions for the H linguistic variable
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Fig.4. Membership functions for the D linguistic variable
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Fig.5. Membership functions for the C linguistic variable

The proposed fuzzy controller works according to a rule
base consisting of twenty-seven rules:

1.If E=Land H=F and D= N than C=1L;
2.If E=Land H=F and D=M than C=1L;
3.If E=Land H=F and D=F than C=1L;
4.If E=Land H=S and D= N than C=1L;
S.If E=Land H=S and D=M than C=VL;
6.lf E=Land H=S and D=F than C=VL;
7.1f E=Land H=M and D= N than C=VL,
8. If E=Land H=M and D=M than C=VL;
9.If E=Land H=M and D=F than C=VL;
10.If E=M and H=F and D= N than C=H;
11.If E=M and H=F and D=M than C =H,
12.If E=M and H=F and D=F than C=M;
13.1f E=M and H=S and D= N than C=M,;
14.If E=M and H=S and D=M than C=M;
15.1f E=M and H=S and D=F than C=M;
16.If E=M and H=M and D= N than C=M,
17.1f E=M and H=M and D=M than C=1L;
18.If E=M and H=M and D=F than C=1L;
19.If E=H and H=F and D= N than C=VH;
20.If E=H and H=F and D=M than C =VH;
21.If E=H and H=F and D=F than C =VH;
22.If E=H and H=S and D= N than C=VH,
23.If E=H and H=S and D=M than C =VH,
24 If E=H and H=S and D=F than C =H,
25.1f E=H and H=M and D= N than C=H,
26.If E=H and H=M and D=M than C=H,
27.1f E=H and H=M and D=F than C=H.
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II. OPERATION OF THE FUZZY-CONTROLLER

The proposed fuzzy-controller operates as follows.
In the fuzzyfier each input variable gets a corresponding
fuzzy value:

E=FELE, E,;
H=H, HH,;

D=D,.D,,D,.

Then in the inference engine the minimum are performed:
W= min[EL5HF5DN]5
w, =min[E,,H,.,D,,],

Wy, =min[E, ,H,,,D,].

In the defuzzyfier the crisp value is obtained:
27
Z w -G
_ =l
- 27 ’
2
i=1
IV. SIMULATION

In order to confirm the operability of the fuzzy-controller
we can use the Matlab 6.5 program. The simulated fuzzy-
controller is shown on Fig.6.
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Fig.6. The fuzzy-controller in Matlab 6.5

Specifying the energy linguistic variable is shown on
Fig.7.

Specifying the number of hops linguistic variable is shown
on Fig.8.

Specifying the distance linguistic variable is shown on
Fig.9.

Specifying of the chance of receiving output linguistic
variable is shown on Fig.10.

Specifying of the rule base is shown on Fig.11.

The rule surface is shown on Fig.12.

175

File Edit Yiew
EISE ah e Membership function plots  Plot points: 19
= B b H
i
A
E C
e N\
D
o n I T T L n T L L L
o 10 20 30 40 S0 B0 70 a0 an 100
input varizhle "E"
Current Yariable Current Membership Function [click on MF to select)
Mame E Hame H
Type input BT trapmi =
Parans | (5080100 100]
Range [0100]
Display Hange [0100] ‘ Help Close |
Renarning MF 3 to "H" |
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Fig.13. The simulation result
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V. CONCLUSION

In this work, the fuzzy-controller is proposed as an
approach to compute a node’s change of data receiving. It
provides an efficient routing scheme by selecting the most
trustworthy nodes for constructing a stable route. Also,
it preserves resources of the network and improves its
performance.
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