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Abstract. Optical fiber is the basis of communication network, carrying
a huge network traffic, the impact of the cable failure is significant. As
a result, the fiber fault prediction is a hot research topic. In this paper,
based on the basic parameters and fault information of optical fiber,
Support Vector Machine (SVM) model is adopted to classify the faults.
Since the cable fault is a small probability event, there is an imbalance
in the distribution of the data sample. Use Synthetic Minority Oversam-
pling Technique (SMOTE) algorithm to treat the imbalance data, and
then analyze and study by using the SVM classification model.

The results show that the overall classification accuracy of the pre-
diction model is 79.8%, and the prediction sensitivity of the fault fiber
is 62.2%. The results show that the model has a good effect, and it can
provide a certain auxiliary role for the operation and maintenance of
communication fiber.
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1 Introduction

Optical fiber has the advantages of large communication capacity, long distance
and strong anti-electromagnetic interference ability, it is widely used in commu-
nication network [1]. Multiple optical fibers are combined into optical cables,
which are laid in the form of overhead, pipeline, and ground, etc., thus estab-
lishing the foundation of the whole communication network. The environment of
optical cable laying is complex, once the fault causes interruption, it will have a
great impact on the communication network. Therefore, the prediction of opti-
cal cable fault is the difficulty and key to the operation and maintenance of
communication system, this problem is widely researched [2].

At present, in order to deal with optical cable failure, a series of technolo-
gies have been developed, such as optical fiber automatic protection switching
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technology. Optical cable online monitoring system is also widely used, it uses
optical time domain reflectometer and other equipment to monitor the running
state of optical cable for a long time to realize the functions of optical cable fault
warning, analysis, positioning and so on, and provides guarantee for the safe and
efficient operation of optical cable network [3,4].

In the main research methods of optical cable fault prediction at present, data
mining algorithms are also beginning to be applied, based on the optical power
data to carry out the analysis of a large amount for a long time, according to the
mathematical characteristics of light power on the time series, optical power time
series of high-frequency random factor and trend of low frequency factor analysis
using wavelet transform method, optical power trend analysis and forecasting,
fiber optical line state warning system [5]. The above methods are expensive to
implement and require special hardware and software platforms, which can only
be realized by collecting a large amount of data for a long time.

The main contribution of this article is a novel framework for optical cable
fault prediction. We propose a method, based on data mining algorithm based
on optical fiber cable directly basic parameters and history fault information,
with cable length, type, installation, usage and so on as the input features, using
SMOTE completion algorithm does not balance data, fault classification training
SVM model, prediction results can be a preliminary screening failure probability
higher cable, with very low cost for cable operation maintenance efficiency.

The rest of this article is organized as follows. How to select the valuable
features form basic data of optical cable is described in Sect. 2. Section 3 solve
the problem of data type imbalance. In Sect. 5, we use SVM algorithm to find the
optical cable failure, the experimental results are presented. At last, Conclusions
are in Sect. 6.

2 Data and Feature Selection of Optical Cable

Based on the basic parameters and historical fault data of all optical cables
in the power communication network of a province, this paper carry out the
training and verification of the prediction model. There is a total of 1652 optical
cables, 121 of them have faults, and the fault samples only account for 7.9% of
the normal samples, this is a typical unbalanced data set.

According to the characteristics of the fiber optic cable, delete parts of the
features which has nothing to do with the cable fault variables, ultimately deter-
mine the input characteristics of the prediction model has: the total number of
fiber in the cable, the number of optical fibers already in use, the manufacturer,
the fiber length, the laying type, the user, the construction completion time. The
model of predicting output is fault state (0 indicates normal, 1 failure).

3 SMOTE Algorithm Processes Unbalanced Data

At present, logistic regression, support vector machine, neural network, K-
nearest neighbor, decision tree and other mainstream classification algorithms
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in machine learning require the quantity distribution of all categories to be bal-
anced. When the above algorithm is directly applied to unbalanced data samples,
the effect is going to be very bad, such as events with low probability such as
default, illness, disqualification, failure, etc., which are often classified into most
classes, but rare samples with low probability are exactly what the prediction is
really concerned about [5–7].

To solve the above problems, it is necessary to add a small number of sample
data to improve the model effect. SMOTE is an approach to the construction
of classifiers from imbalanced datasets is described. It can add the new sample
to the data set artificially according to the Minority samples, which solve the
overfitting problem of the model caused by the over-sampling algorithm adopting
the strategy of simply copying the samples [8].

The basic principle of SMOTE algorithm: in the Euclidean space of the data
point, for each minority sample xi, choose a sample xj randomly from its nearest
neighbor, and then choose a randomly selected point on the line between the
two points as the newly composed minority sample [9].

In this paper, on the basis of 121 fault optical cable data, 1413 fault data are
supplemented by SMOKE algorithm, and the original 1652 optical cable data are
expanded to 3065, among which fault and normal account for 50% respectively,
providing a balanced data sample for the prediction model.

4 SVM Algorithm

SVM is a class of supervised learning that carries out binary classification of data in
the generalized linear classifier, whose decision boundary is the maximum margin
hyperplane that can be solved for the learning sample [10]. SVM is first proposed
by Cortes and Vapnik in 1995, has shown many unique advantages in solving small
sample sizes, nonlinear and high-dimensional pattern recognition and can be gen-
eralized to other machine learning problems such as function fitting [11].

SVM method is based on statistical learning theory based on VC dimension
theory and structure risk minimum principle, according to the limited sample
information in the complexity of the model (i.e. the specific learning Accuracy
of training samples, Accuracy) and learning ability to seek the best compromise
between, in order to get the best generalization ability [12]. Therefore, SVM is
very suitable to solve the problem of optical cable fault prediction in our study.

5 Analysis of Classification Results

Using Scikit-learn machine learning framework [13], we set up a multi-layer per-
ceptron neural network model, the SMOKE algorithm adds balance after 3065
cable data, random selection of 80% of the data samples constitute the training
sample, the remaining 20% of the data form the test samples, according to the
result of training to determine the suitable network convergence threshold and
weights, the SVM model uses the gaussian kernel function, the test data is used
to test the model predictions, the effect as shown in Table 1:
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Table 1. List of notation

Real value/Predicted Normal Fault

Normal 293 5

Fault 119 196

The accuracy rate is a good and intuitive evaluation index to measure the
quality of the classification algorithm, but sometimes the high accuracy rate
does not mean that the algorithm can solve problems. In this paper, there are
only two fault categories of optical cable: 0 means normal, 1 means failure.
In the operation and maintenance of optical cable, it is more concerned about
whether faults can be found. The omission of faults is more serious than the
false detection of normal optical cable. Therefore, the prediction sensitivity of
optical cable faults (also known as recall rate [14]) is more important, that is,
the proportion of the actual fault samples predicted as faults. According to
Table 1, the prediction classification results of the cable fault warning model are
calculated as follows:

Precision = (293 + 196) / (293 + 5 + 119 + 196) = 79.8%
Recall = 196/ (196 + 119) = 62.2%

The classification effect of this model has an overall accuracy rate of 79.8%,
and the recall of the fault optical cable reaches 62.2%, with relatively high accu-
racy. Obviously, the optical cable fault probability model established in this
study can provide a certain auxiliary role for the operation and maintenance of
optical cable.

6 Conclusion

In this paper, the optical cable fault warning model is proposed, and the oper-
ation and fault data of the optical cable in a provincial power communication
network are selected for example analysis. The SVM algorithm is used to predict
the fault based on the key operation indexes such as the length, type and laying
mode of the optical cable. By analyzing, it is found that the traditional classifi-
cation algorithm has a poor classification effect on this kind of unbalanced data.
Therefore, SMOTE algorithm is selected for the balance treatment of the sam-
ple test data, and the predicted effect after treatment is better. In this study,
under the condition of not increasing the cost of hardware and software, the
cable fault warning model is used to predict, and the cable fault possibility is
preliminarily screened to strengthen the maintenance in advance to reduce the
fault, promoting the cable operation and maintenance work from the empirical
type to the analysis type, engaged in the passive type to advance the active type
transformation.

In the following work, more variable characteristics can be added to the
cable fault warning model for research, such as optical receiving power, optical
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transmission power, machine room operating parameters, cable off-line type,
etc., to further improve the prediction sensitivity of the model, better guide the
cable operation and maintenance work.
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