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Abstract—Missing data affects stability analysis of Radio
Frequency (RF) transfer system. In this paper, a missing data
prediction method using Long Short-Term Memory (LSTM)
network is proposed for the short-term failure in RF transfer
system. The performance is verified by experimenting on the
measurement data of 2.4 GHz RF transfer system using 3000 km
single optical fiber bi-directionally. The results demonstrate that
our proposed method can achieve higher prediction accuracy
compared to back propagation neural network (BPNN) and
Support Vector Regression (SVR). When the prediction time is
240 s, the Root Mean Squared Error (RMSE) between the
predicted value and the actual value is less than 0.001. This
provides an effective and feasible method to impute missing data
for RF transfer system.
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I. INTRODUCTION

High stable radio frequency (RF) transfer via optical fiber
has important applications in many fields, such as atomic clock
comparison [1], navigation and positioning [2] and fundament-
al physics research [3]. During the long-term measurement of
the RF transfer system, the frequency signal can't be
continuously transmitted to the receiver due to the reasons such
as system power down and phase locked loop (PLL) loses lock.
This leads to the measurement data missing and affects the
stability analysis of RF transfer system. A number of methods
have been devised for dealing with missing data. Mean-
imputation method (MIM) is the most commonly method,
which is simple but not very effective [4]. Some machine
learning algorithms such as Support Vector Regression (SVR)
[5] and back propagation neural network (BPNN) [6] are used
to predict missing data, which can get higher processing
accuracy than MIM. Although they can learn nonlinear
relationships in the data, they cannot model the temporal
dependency explicitly. Considering that the measurement data
of RF transfer system is the nonlinear data with time
dependence, it is important to find a method that can learn the
time dependence of the nonlinear data to impute the missing
data of RF transfer system.

We propose a missing measurement data prediction method
for RF transfer system using Long Short-Term Memory (LSTM)
network. In the training phase, the measurement data during the

normal operation of the system is used to train the LSTM
network. In the prediction phase, the constructed LSTM model
is used to predict missing data for a period of time in the future.
By experimenting on the measurement data of 2.4 GHz RF
transfer system using 3000 km single optical fiber bi-
directionally, the result show that the proposed method can
achieve higher prediction accuracy compared to the BPNN and
SVR. When the prediction time is 240 s, the Root Mean
Squared Error (RMSE) between the predicted value and the
actual value is less than 0.001.

II. METHODS AND RESULTS

LSTM network is an extension of recurrent neural network
(RNN), which effectively overcomes the problem of vanishing
gradients that exists in RNN [7]. LSTM network can not only
learn the series correlation in nonlinear series prediction
problems, but also memorize information for a long time.
Therefore, we propose a missing measurement data prediction
method for RF transmission system using LSTM network and
verify by experimental data. We obtain measurement data by
transmitting the 2.4 GHz RF signal over 3000 km single optical
fiber bi-directionally. During the training phase, the obtained
data is used to construct the LSTM network. During the
prediction phase, the constructed LSTM model is used to
predict the missing data.

The simplified schematic diagram of the RF transfer system
is shown in Fig. 1 [8]. The system can synchronize the 2.4 GHz
RF signal at the remote site (RS) with the 2.4 GHz RF signal at
the local site (LS), which is locked to a rubidium clock
(Quartzlock, A1000). The phase noise cancellation process
mainly includes the following steps. At first, the 2.4 GHz RF
signal at RS is intensity modulated on the optical carrier
(1550.12nm, 34#) and transmitted to LS via single-mode fiber
(SMF). The optical/electrical (O/E) converter at the LS can
detect the 2.4GHz RF signal carrying the phase noise caused by
fiber-optic link. Then, the PLL and two auxiliary RF signal
generators (2.3 GHz, 2.5 GHz) complete the phase conjugation
at the LS. Finally, the phase conjugate signal is modulated on
the optical carrier (1550.92nm, 33#) and transmitted to the RS,
which is used to cancel the phase noise of the fiber link. The
PLL at the RS acts as signal regenerator, it improves the signal
to noise ratio (SNR) of the transmitted signal. The phase



difference of the 2.4 GHz RF signal between the LS and the RS
can be measured by the voltmeter. The measured voltage data
is used to analyze the stability of the RF transfer system.
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Fig. 1. Simplified schematic diagram of the RF transfer system. PLL: phase
locked loop. DWDM: dense wave-length division multiplexing. bi-EDFA: bi-
directional erbium-doped fiber amplifier. O/E: optic/electro converter. E/O:
electro/optic converter.

1200 s of measurement data are used to train, verify and test
the LSTM network, and the ratio of training set, validation set
and test set is 6:2:2. The prediction result is shown in Fig. 2.
The gray and orange curves represent the actual and predicted
values of the missing data, respectively. The results indicate
that our proposed method can achieve high prediction accuracy.
Within the time range of 240 s, the predicted result well
matches the actual value. The bule sphere represents the RMSE
of the LSTM network at different prediction times. The smaller
the RMSE between the predicted value and the actual value, the
higher the prediction accuracy of the model. It can be seen that
as the prediction time increases, the prediction accuracy of the
model gradually decreases.
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Fig. 2. The prediction result of LSTM network.

We compared the prediction performance of the LSTM
prediction model with BPNN and SVR in Fig. 3. The blue and
orange curves represent the RMSE and Decision Coefficient (R
Squared, R?) of different models, respectively. When RMSE is
close to 0, the prediction accuracy of the model increases. When
R? is close to 1, the correlation between the predicted value and
the actual value becomes stronger. The metrics in Fig. 3 show
that the LSTM network can achieve higher prediction accuracy
compared to other models. When the prediction time is 240 s,
the RMSE between the predicted value and the actual value is
less than 0.001, the R? between the predicted value and the
actual value is higher than 0.98.
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Fig. 3. The performance metrics for different models.

III. CONCLUSIONS

In this paper, we propose a missing data prediction method
using LSTM network for the short-term failure in RF transfer
system. By experimenting the measurement data of 2.4 GHz
frequency signal transmitted via 3000 km single optical fiber bi-
directionally, the results show that our proposed method can
achieve higher prediction accuracy compared to BPNN and
SVR. When the prediction time is 240 s, the RMSE between the
predicted value and the actual value is less than 0.001. Our
proposed model can improve the utilization rate of measurement
data in RF transfer system.
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