Paper—Research on Interference Optimization Mechanism of Wireless Routing Signal Transmission...

Research on Interference Optimization Mechanism of
Wireless Routing Signal Transmission Based on Fuzzy
Comprehensive Evaluation Method

https://doi.org/10.3991/ijoe.v13i03.6866

Xinchun Wang*
North China University of Science and Technology, Tangshan, China
10759697@gqg.com

Haishan Zhang
North China University of Science and Technology, Tangshan, China
38775617@qq.com

Mi Li
North China University of Science and Technology, Tangshan, China
994177231@gqg.com

Ying Li
North China University of Science and Technology, Tangshan, China
1965063794@qq.com

Abstract—Inherently dynamic in nature, wireless sensor network transmits
data less efficient and reliable, and thus the conventional routing protocol is in-
applicable to the new type of wireless sensor network. Such being the case, this
paper first analyzes this problem and proposes a routing interference optimiza-
tion mechanism FCE based on distributed fuzzy comprehensive evaluation. The
fuzzy principle is introduced to the priority calculation of the node. In doing so,
the fuzzy linear transformation principle and the maximum membership princi-
ple are used to classify the dynamic nature of candidate nodes and to select
well-performed candidates from the optimal candidate nodes. In spite of the few
number of those candidates, they are qualified to compete for the right of next-
hop forwarding, such that the routing interference will become less probable
and the data forwarding is rendered more efficient. Finally, through a simula-
tion test, our method is verified effective.

Keywords—comprehensive evaluation; signal transmission; interference opti-
mization; forwarding efficiency.

1 Introduction
In practical application, wireless sensor networks are frequently exposed to multi-

ple objective factors such as link quality, node cycle and the addition of nodes, and
thus endow network topology with the dynamic nature. Because these factors are
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objective, dynamics becomes one of the essential characteristics of wireless sensor
network, exerting strong effects on the network data transmission [1-4]. The routing
protocol based on traditional routing tables fails to meet the requirements of wireless
sensor networks of a large number, mostly due to the incapability to response well to
the dynamic changes of network topology [5-6]. To this end, some dynamic routing
mechanisms are proposed to replace the traditional method of routing table update, in
which the network can be routed through the location information of the nodes with-
out resource consumption. In this way, the routing protocol is applicable to wireless
sensor networks of strong dynamic nature. Nevertheless, under such routing condi-
tions, the competition between multiple candidate nodes will have a great impact on
the transmission of the network. In some networks where nodes are densely distribut-
ed, it is likely that network congestion is caused by node conflict, which significantly
affects the transmission of the network and may lead to a large number of packet loss
failures [7-10].

In order to solve the above problems, several new routing protocols are proposed,
which can prioritize the forwarding area of the nodes. They play certain roles in re-
ducing the number of candidate nodes and buffering the effect of routing interference
[11]. However, higher demands arise for these protocols to push through the limita-
tions of performance and serve for unevenly distributed network nodes. An example
of the necessity of protocol modification is when the maximum competition response
interval is fixed, the probability of interference caused by node competition in the
corresponding densely distributed area will increase rapidly, whilst such phenomenon
rarely appears in sparsely distributed areas. Therefore, the requirements for network
load balance cannot be satisfied, and the network service performance is affected
accordingly. As a comparison, CCMR protocol is a good problem-solver, with the
sifting mechanism of low interference probability. In this protocol, the system analyz-
es the correlation between forwarding and candidate nodes, and then orders the priori-
ty of candidate nodes at the number range of (0. 1). By sending several rounds of
forwarding requests REQ, the CCMR protocol sets limits to the cost range of nodes,
and finally selects the candidates that meet the forwarding cost requirements [12].
Actually, the drawback of this solution is the complex computation of network node
density parameters. Therefore, it is necessary to continue the research and analysis of
competition-induced interference between candidate nodes.

2 Descriptions and analysis of routing conflicts

When the information is transmitted through the stateless geography forwarding
protocol, the next-hop forwarding nodes can be selected from the competing candi-
date nodes, whose diagram is shown in Figure 1 [13]. For example, when S node is
required to forward data, it first broadcasts RTS frame to other nodes within the area.
Those who receive the frame are allowed to compete for the next-hop forwarding and
to do calculations according to location information. If the distance between the base
station and itself is shorter than that between the S node and itself, the node will iden-
tify its priority level according to forwarding distance, and then select the correspond-
ing time slot for CTS transmission.
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Fig. 1. The diagram of stateless forwarding

During data transmission through the stateless geography forwarding protocol, the
order of time slot numbers is mainly related to the priority. The higher the priority
level is, the smaller the node’s order number is [14-15]. Below is a case analysis. In
Figure 2-a, node A has the highest priority level at time slot No.3. At the beginning of
the competition, each candidate node is waiting for their exclusive slots. In this case,
the candidate nodes with smaller order number are the earliest to send CTS. In this
figure, after node A sends information in the No.3 time slot, the rest of the nodes will
quit transmitting data upon receiving the forwarding signal, which indicates the com-
petition of channels is completed successfully. Afterwards, node S will either forward
data to node A, or restore itself to the initial state and repeat the above steps until the
new round of data transmission is finished with the base station as the termination
[16-17].

In the first round of selection, if there are more than one candidate nodes selecting
the same time slot, the CTS-competition-induced interference between nodes is inevi-
table. Taking Figure 2-b as an example, time slot No.4 is the common choice of node
A and node E, which means that the pair of nodes will have traffic interference during
data forwarding [18]. In this case, it would be impossible for node S to receive the
accurate CTS and follow the correct path. In light of the non-interfering priority com-
putation and the fixed number of related time slots, it is difficult to avoid traffic inter-
ference. What is more, with the increase in node density, the interference level rises
up accordingly, as shown in Figure 3.
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Fig. 3. CTS interference probability

iJOE - Vol. 13, No. 3, 2017 139



Paper—Research on Interference Optimization Mechanism of Wireless Routing Signal Transmission...

3 Details of FCE design

3.1  Principles of FCE

In order to solve the above problems, this paper proposes a mechanism of FCE.
When FCE is used to allocate nodes, it is the number of candidate nodes rather than
CTS competition windows that need to change, optimize and be selected. In this con-
text, FCE mechanism provides an effective way to address the issue of traffic inter-
ference, selecting next-hop nodes of better performance. The fuzzy technology is the
major foundation of node selection through FCE mechanism. Through the fuzzy
comprehensive evaluation of the candidate node, those that are selected out will be
more suitable to the next-hop competition. In this way, the CTS interference probabil-
ity will be reduced effectively, and the forwarding efficiency will be improved re-
markably [19]. In addition, this mechanism is also easy to adjust fuzzy evaluation
parameters and the number of candidate nodes participating in the competition, thus
effectively avoiding the influence of node density on node selection.

3.2 The establishment of membership function

Membership function should be established before nodes are selected through this
mechanism. During the multi-hop forwarding, the relay node factor will significantly
affect the performance of data transmission.

FCE mechanism determines the priority of candidate nodes based on influencing
factors. The corresponding factor set as follows:

U = {the expected forwarding distance of a node in one hop (ul), node residual en-
ergy (u2)}

Equation (1) expresses the connotation of factor ul and u2, where F and C denote
the current node and the candidate node, respectively, and dist (F, Sin k) is the dis-
tance between the sending node and the base station. The analysis shows that the ul
balances the one-hop forwarding distance, whose evaluation level may strongly im-
pact on the reliability and sometimes the real-time property of information transmis-
sion. The same as the remaining energy, the value of the second factor can be used to
evaluate the effect of nodes on network load.

u =[dist(F,Sink) - dist(C,Sink)P.. |
Uy = Epain (1)

The comment expression of candidate nodes are as follows:

V={ excellent (v,), intermediate (v;), poor (v3) }

FCE mechanism designs corresponding membership function according to these
factors, and defines the condition U={u;, u,}. What is more, each comment in the
comment set V={v,, v,, v3} is regarded as the fuzzy set of the corresponding discourse
domain: 4,; excellent, 4,,intermediate, 4,; poor. In this way, factors can undergo
fuzzy processing and evaluations, whose comments are y,={4,;(u;), 4,2(u;), A,3(u;)}
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and y,={4,,(u,), A,2(us), A,3(u12)}. Factor membership function of the specific circum-
stances shown in Figure 4, the corresponding mathematical expression see (2).
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P, represents the maximum theoretical value of factor ul

. yet we let it be the

maximum communication radius of a node; P,,, represents the corresponding dynamic
adjustment variable; the random variable will change with the change of P, All
nodes obey uniform distribution within a certain distance, but Pv is the mean square

V D(u,) of the random variable, .

In this paper, we let Py, be a "fuzzy evaluation parameter". According to the above
discussion, the membership function that corresponds to the pair of factors can be
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determined by adjusting the value of P, and the membership evaluation results can
be further determined accordingly.

3.3  Fuzzy comprehensive evaluation method

When the node is determined by the fuzzy comprehensive evaluation method, if it
receives the BRTS from another node and then calculates to be qualified as the candi-
date node of the node, node A can undergo fuzzy comprehensive evaluation and iden-
tify the competition priority Pcts according to the evaluation result. Below is the cor-
responding procedures:

1. The candidate node A extracts the length information in the BRTS frame, and then
determines the corresponding packet rate of the node according to Equation 1-3.
On this basis, the value of factor ul is determined: with which we calculate the cor-
responding residual energy of node A and determine the value of factor u2 accord-
ingly.

2. The fuzzy evaluation parameter Py, is then extracted from this frame and under-
takes configuration of A,;(u;), A,2(u;), A,3(u;) according to the u(i=1, 2) related
membership function.

3. Afterwards, the single factor ul is evaluated according to the membership function,
and the corresponding evaluation set y; can be determined by Equation 6:

vi=(A4,w) A,u) A,u)) (6)

On this basis, we define the node’s comprehensive evaluation matrix, whose expres-
sion is shown in Equation 7

R A, (), A,y (), A5 () o
A, (uy), 4,,(uy), A5 (u,)

4. The fuzzy comprehensive evaluation set Q is determined by Equation 5, and the
factor weight fuzzy subset W={w,, w,}. The corresponding fuzzy evaluation model
M(®, ®) and the influence of different factors on forwarding performance are de-
termined by weighted average.

O=W-R= {2 W, ’Am(ui)aEWi .AVZ(ui)Dz‘/Vi “Asu)} =19,,9,,95} ®)

5. According to the principle of maximum membership, there are mainly three class
evaluation results in Q. If j=1, ¢, will be the highest class among them, which
means it corresponds to class v1.

6. The node’s priority can also be identified by equation 8§, in whose case the time of
back-off timer should be preset. In this way, the class of candidate nodes can be
determined.
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Rand(LLN )T, (G=DI w>P,)
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Where Rand(1, N,;) backs off to a random integer between 1 and N,;: Ty, is the

length of a time slot; N,;, N,,, N,; are the number of time slots, and satisfy equation
10.
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Fig. 5. Time slot distribution principle

Figure 5 is the specific flow of time slot distribution, in whose mechanism the CTS
competition window is divided into three parts: T;, T5, T;. Candidate nodes that meet
the level requirements can be assigned corresponding time slots, some of which will
be able to participate in the following competition of forwarding right. Meanwhile,
the rest of the nodes will be assigned the time slots in window 7T and window T3;. By
node forwarding in T2 and T3, the monitoring work can be implemented, determining
parameter setting.

4 Simulation experiment and performance analysis

4.1  Simulation environment settings

In this section, the FCE mechanism and OGF are realized in the simulation envi-
ronment. Also, the corresponding route conflict probability is determined, with the
comparative analysis of the transmission efficiency and time delay between different
mechanisms. Details of parameter settings are listed in Table 1 and Table 2.
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Table 1. Parameter settings of the model

Parameter Instructions Numerical
By Noise 30kHz
Rate 19.2kbps
P, Noise base -115dBm
P, Send power 0dBm
do Reference range 1m
N Loss 10
X, Standard deviation 3

Table 2. Parameter settings of energy consumption

Running state Duration time(ms) |Working current(mA)
Seng 1byte(0dBm) 0.416(T1x) 20(Trx)
Receive 1byte 0.416(Trx) 15(Trx)
Monitor 0.35(Tcs) 15(Icx)

Simulation result analysis
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In this paper, we first test the number of route interferences of the four protocols.
Figure 6 is the times of route interferences for each protocol to successfully transmit a
data package network. The more the time is, the greater the interference is. According
to the comparison results, the number of route interference under the other three pro-
tocols is much higher than that under the FCE protocol. What is more, as the nodes
are distributed denser, the corresponding interference degree becomes higher. It can
be seen from the comparison results that the CTS interference probability of the FCE
mechanism is significantly smaller than others, and that the increment in interference
degree is insignificant when the network nodes are denser. This is mainly because the
advantages of distributed fuzzy comprehensive evaluation and those of priority com-
petition are combined with each other, together contributing to the reduction in inter-
ference occurrence probability and to the improvement of routing efficiency.
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Fig. 7. Average transmission energy consumption

The average transmission efficiency of all of the protocols are tested in the condi-
tion that the transmission reliability is 94%, when energy consumption is negatively
correlated with transmission efficiency. The specific results are shown in Figure 7.
Through analysis of the figure, it can be seen that when the network nodes are not
densely distributed, the difference of transmission-related energy consumption is
insignificant for different protocols; as node density increases, the energy consump-
tion of all protocols but FCE protocol rockets, while FCE protocol rises slowly and
remains at the lowest level among other protocols’. SIF and OGF have the respective
highest and the second highest levels of energy consumption.
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By analyzing Figure 6-7, it can be found that when the network node density is
large, the interference level of every protocol maintains at a high level, which incurs
larger competition-related energy consumption. Such being the case, FCE protocol
effectively optimizes routing competition, providing an efficacious way to reduce
energy consumption.

5 Conclusion

This paper is largely aimed at solving the problem of routing interference, for
which it proposes a route interference optimization mechanism FCE based on distrib-
uted fuzzy comprehensive evaluation. As to this mechanism, the fuzzy comprehensive
evaluation technique is used to select candidate nodes, with the advantage of node
selection optimization by balancing node forwarding distance, communication quality
and other related factors. In this way, great reduction is achieved in the number of
candidate nodes, route interference and energy consumption. The way to select nodes
under this mechanism is to endow priorities for multiple candidate nodes and to
choose nodes of better comprehensive performance from the candidate nodes accord-
ing to some influencing factors. In this way, not only can the competition-induced
route interference is reduced, but the energy consumed during node competition be-
comes less. The computational load of this mechanism is not great, as all candidate
nodes are processed through fuzzy comprehensive evaluation distribution. The low
demand for computational ability also helps increase the scalability of protocols.
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