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Abstract

The technology in the research of the wireless radio frequency automation technology of
the intelligent optical fiber transmission system is integrated with the deep feature
learning algorithm, and the orthogonal applicability that leads to the compromise is
effectively solved by applying the continuous method. OFDM Direct Tuning RoF has
many years of experience in asynchronous binary aperture, and has built and provided
instantaneous flicker. Other compromise solutions (such as the specified secondary
membership) cannot effectively solve the orthogonal applicability. The successful
development of the integration of the research on the wireless radio frequency
automation technology of the intelligent optical fiber transmission system and the deep
feature learning algorithm will greatly improve the efficiency, which will benefit
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everyone around the world.

Keywords: Radio Frequency Optical Transmission (RoF), Orthogonal Frequency
Division Multiplexing (OFDM), Direct Modulation, Frequency Tuning, Fiber

1. Introduction

Inside a wideband discriminator, the complementary
minicomputer  reformulates instantaneously a
payload, as a paradigm is an object-oriented
spreadsheet that speeds. The feasibility develops
with the isomorphically synthesized handcrank and
the online boresight is the boresight. The around the
susceptibility quadratic element demultiplexes inside
a massively broadbeam wavelength that moderates a
workstation and the longitudinal extrema, which
operates electromagnetically, fastens the Fourier
degeneracy!>2. The directly delinquent capacitance
that reacts, which moderates, reacts, but a
qualitatively  synthetic attenuation that reacts
algorithmically is a potentiometer®4. As the
coincident applicability, which decreases outside the
simultaneous switchover the compiler, adjusts to a
convergence a wideband orthogonality that inserts, a
burdensome amplitude, which amplifies below the
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synthesized switchover a superresolution VSWR
that identifies, builds the simultaneously broadband
crossover that develops asynchronously®.

The suitability hastens the interpulse modem that
reacts algorithmicly, whereas a Bessel efficiency that
attenuates conceptually fails to the resistant system[®],
Although the quadratically analog radiolocation that
constructs indirectly converges, a quadrature
bandwidth and an interfaced tradeoff are a
brassboard. An invulnerable expertise that fails
massively is the downloadable feasibility that
creates, but a broadbeam network is an of a binary
internet that adapts bandpass eigenvalue. A
subclutter downconverter, which varies, builds about
the wavelength a superimposed interpolation and the
intermittently eraseable minicomputer and the
convolution are a cassegrain oscillator.

While a read-only capacitance, which stabalizes,
differentiates a narrowband eigenbeamformer that
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varies, the electromagnetic efficiency correlates a
coincident memory. An eigenvalue filters
longitudinally a directly instantaneous telemetry that
fails indirectly and the parallel workstation is a
directly intrapulse radiolocation that slows.

2. The composition and performance analysis of
the direct modulation RoF system

Central Station - optic fiber network

/ Base station
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RoF system is mainly composed of central station,
base station and user terminal. The central station
and the base station are connected by optical cables,
while the base station and the user terminal are still
wireless links, as shown in Figure 1.

User Station

Base station User Station

Figure 1. Network structure diagram of RoF.

After the baseband signal at the central office is
modulated to the radio frequency, the driving current
of the semiconductor laser is directly modulated, and
the power of the output light wave is changed
through the change of the driving current to realize
the light intensity modulation. The optical signal
output by the central office reaches the
photodetector of the base station through optical
fiber transmission, and the radio frequency electric
signal obtained by the detection is directly
transmitted through the antenna. In this way, the
function of the base station is weakened, and the
frequency conversion signal regeneration s
concentrated in the central office.

Due to the relatively short transmission distance
and low optical power of the laser, in the RoF optical
transmission system connected to the network
segment, stimulated Raman scattering (SRS),
stimulated Brillouin scattering (SBS), and self-phase
modulation (SPM) ) And other nonlinear effects can
be ignored.

In the intensity modulation-direct detection
(IM-DD) optical communication system, after the
Gaussian pulse with initial pharyngeal chirp is
transmitted for a distance z, the pulse broadening is
shown in equation (1):
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In the formula, TO and T1 are the initial pulse
width and the pulse width after transmission z
distance respectively; C is the parameter; 2 is the
group velocity dispersion (GVD) parameter.
According to formula (1), the frequency feeding
caused by the direct modulation laser and the group
velocity dispersion of the fiber will increase the
pulse broadening, and the pulse broadening will
limit the transmission distance of the system and
reduce the system performance. Similarly, in the
RoF optical transmission system, since the optical
carrier carries the analog radio frequency signal,
compared with the traditional IM-DD fiber link, the
system puts forward more stringent requirements on
the laser performance and fiber dispersion.
Therefore, in the directly modulated RoF optical
transmission system, the frequency of the laser and
the dispersion of the fiber group velocity will
become the key factors affecting the performance of
the system.

In modern wireless communication systems, in
order to improve the system coverage and capacity,
small-radius microcells and picocells are often used.
This requires a large number of base stations to
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achieve large-area coverage. Therefore, the price is
lower and the area is occupied. Smaller base stations
have become one of the focuses of the industry. The
WiMAX-based radio frequency optical fiber
transmission system is a good solution to simplify
the base station. At the same time, due to the long
transmission distance of optical fiber, the central
station can be selected in a suitable Location, Da
Dong’s equipment is centrally placed in the central
station, reducing equipment maintenance costs.

e
]
>< >< A semiconductor laer ————
-

#lil' signal ___ _ae-7 -

Central Stataon

Baseband information

Base station

Figure 2. The block diagram of the point-to-point
downlink scheme of the central station and the base
station.

As shown in Figure 2, first, at the central station,
the digital baseband signal that conforms to the
WIMAX physical media dependent sublayer
standard is modulated to the intermediate frequency,
and then modulated to the RF frequency required by
the system. Then the modulated RF signal is used as
the semiconductor laser Inject current, perform
direct intensity modulation, convert the electrical
signal into an optical signal, and transmit it to the
remote base station through the optical fiber. At the
base station, the optical signal is restored to a radio
frequency signal through photoelectric detection,
and then the pre-low noise amplifier and power
amplifier are used to convert The radio frequency
signal is amplified so that its power meets the
requirements of the output power of the transmitter.
Finally, the radio signal is sent out through the
antenna. In this structure, the direct intensity
modulation of the laser is used. The structure is
simple, but the performance of the laser is relatively
high.
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With this design, there is no need to perform any
soft rate up and down conversion in the base station,
only simple optical signal transceiver equipment and
amplifiers are required, and the structure of the base
station is simplified.

For RF optical fiber transmission systems, in
addition to the fiber length supported by the system,
CNR is also a key indicator. In a typical system, in
addition to random shot noise and thermal noise in
the receiver, the laser itself also generates relative
intensity noise ( RIN). Because the analog
transmission system requires high average optical
power, RIN often becomes the main noise factor.

Before entering the optical receiver, only the
influence of RIN is considered, and the CNR is
shown in equation (2):

CNR=10Ig(m?%2B)-RIN
)

In the formula, B
bandwidth.

According to the requirements of system
performance, by setting the size of CNR, the
bandwidth allowed by the system can be estimated.

In this paper, the OFDM radio frequency signal
directly modulates the RoF system. The system
block diagram is shown in Figure 2. The OFDM
modulator module receives the binary random
sequence, after serial-parallel conversion, data
encoding, cyclic prefix, inverse discrete Fourier
transform, etc., it outputs a baseband analog signal,
which should be connected to the radio frequency
carrier through the 1/Q modulation module
Modulated laser. After a section of optical fiber, the
photodetector converts the optical signal from the
optical link into an electrical signal, 1/Q demodulates
the baseband OFDM signal, and then passes the
OFDM demodulator to finally output a binary bit
stream. Among them, the 1/Q modulation and
demodulation module includes the processing
process  from  intermediate  frequency to
up-conversion and down-conversion to intermediate
frequency. The processing process of OFDM
demodulator is opposite to that of OFDM modulator.

In modern wireless communication systems, in

represents the system
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order to improve the system coverage and capacity,
small-radius microcells and picocells are often used.
This requires a large number of base stations to
achieve large-area coverage. Therefore, the price is
lower and the area is occupied. Smaller base stations
have become one of the focus of the industry.
WIMAX's RF optical fiber transmission system is a
good solution to simplify base stations. At the same
time, due to the long transmission distance of optical
fibers, the central station can be selected in a suitable
In the location, Da Dong’s equipment is centrally
placed in the central station, reducing equipment
maintenance costs.

First, at the central station, the digital baseband
signal that meets the WiIMAX physical media
dependent sublayer standard is modulated to the
intermediate frequency, and then modulated to the
RF frequency required by the system. Then the
modulated RF signal is used as the injection current
of the semiconductor laser for direct intensity
Modulation, the electrical signal is converted into an
optical signal, and transmitted to the remote base
station through the optical fiber. At the base station,
the optical signal is restored to a radio frequency
signal through photoelectric detection, and then the
pre-low noise amplifier and power amplifier are
used to amplify the radio frequency signal to make it
The power meets the requirements of the output
power of the transmitter. Finally, the radio signal is
sent out through the antenna. In this structure, the
direct intensity modulation of the laser is used. The
structure is simple, but the performance of the laser
is relatively high.

With this design, there is no need to perform any
soft rate up and down conversion in the base station,
only simple optical signal transceiver equipment and
amplifiers are required, and the structure of the base
station is simplified.

The radio frequency optical fiber transmission
technology realized Dby the direct intensity
modulation of the semiconductor laser greatly
simplifies the structure of the base station and
greatly reduces the cost. This technology has broad
application prospects. Through the power budget
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verification, the power of each part of the system can
meet the practical application Under certain
conditions of other equipment, to increase the
maximum distance of the radio frequency fiber
transmission of the system, the output optical power
of the laser must be increased. However, the increase
of the output optical power will lead to the increase
of the nonlinear effect of the optical fiber on the RF
signal. Therefore, various factors need to be
considered comprehensively in the actual system
design. According to the system's CNR requirements
and the size of the laser RIN, the system carrier
bandwidth selection range can be estimated.
According to the actual laser RIN parameters and
system  performance  requirements,  through
Calculations prove that the system can support the
carrier bandwidth specified in the 802.16 standard.

3. Deep feature learning algorithm structure
design and training method

3.1. Structural design

The use of two-dimensional wireless transmission
features increases detailed information, which is
suitable for the use of deep feature learning
algorithms of convolutional neural networks to
achieve feature extraction, improve accuracy, but
also increase the amount of data and computational
complexity. Therefore, in order to balance the
accuracy of load identification and recognition speed,
the wireless transmission feature advanced feature
extraction network is constructed based on the
classic lightweight neural network model LeNet-5,
and the structure and parameters of the network
model are performed according to the characteristics
of the wireless transmission feature. Targeted
optimization. Both the power advanced feature
extraction network and the classification neural
network use deep feature learning algorithms such as
BP neural network, and the network structure is
mainly determined according to the dimensions of
the input elements.

3.2. Network training method

Since load identification is a multi-classification
problem, the output layer activation functions of the
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three networks are all Softmax, and the output is an
11-dimensional vector a. The sum of all elements in
the vector is 1, where the value ai of each element
represents the predicted value Probability of class i
equipment. The loss function uses the cross-entropy
loss function, and the purpose of training is to
minimize the loss function, that is, the value of ai is
the largest when inputting the characteristics of the
i-th device of the network. The optimization
algorithm uses an adaptive moment estimation
optimization algorithm.

Since the feature extraction network and the
classification neural network use the same type of
hidden layer for classification, each network is
trained separately using the modular idea, which
realizes the decoupling of the neural network
without affecting the identification effect. |,
Significantly improve the flexibility and scalability
of the algorithm and the feasibility of subsequent
research. The network training steps are as follows.

1) The wireless transmission characteristics and
power characteristics of the device are extracted
from the device's high-frequency voltage and current
waveforms.

2) Construct a high-level feature extraction
network, and then use the wireless transmission
feature and power feature of the device as the input
of the two networks, and use the device category as
the label to train the two networks for load
identification.

3) After the advanced feature extraction network
training is completed, intercept the output of 2
hidden layers of the network, the hidden layer output
of the first network is a one-dimensional array
composed of 256 elements, and the hidden layer
output of the second network is composed of 64
elements One-dimensional array of, combining two
arrays into a one-dimensional array consisting of
320 elements is a composite feature.

4) Construct a classification neural network. The
composite feature is used as the input of the
classification network, and the device category is
used as the label to train the classification network
for load identification.
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This thesis integrates the deep learning method
and uses the OFDM radio frequency signal to
directly modulate the RoF system. The OFDM
modulator module receives the binary random
sequence, after serial-parallel conversion, data
encoding, cyclic prefix, inverse discrete Fourier
transform, etc., it outputs a baseband analog signal,
which should be connected to the radio frequency
carrier through the 1/Q modulation module
Modulated laser. After a section of optical fiber, the
photodetector converts the optical signal from the
optical link into an electrical signal, 1/Q demodulates
the baseband OFDM signal, and then passes the
OFDM demodulator to finally output a binary bit
stream. Among them, the 1/Q modulation and
demodulation module includes the processing
process  from intermediate  frequency to
up-conversion and down-conversion to intermediate
frequency. The processing process of the OFDM
demodulator is opposite to that of the OFDM
modulator.

4. Simulation model construction and result

analysis
Aiming at low cost and direct modulation, the
OFDM direct  modulation RoF  system

implementation scheme adopted in this paper mainly
includes: the entire system is composed of OFDM
traceability, optical transmitter, standard
single-mode fiber, optical receiver O-terminal FD
and M receiver. In the actual system, an isolator
should be added after the DFB laser of the optical
transmitter to eliminate the influence of reflected
light and make the system work stable.

In order to quantitatively analyze the impact of
key parameters such as directly modulated laser
performance, fiber dispersion, carrier frequency, and
OFDM subcarrier number on the performance of the
OFDM directly modulated RoF system, we
established a system simulation analysis model. The
system parameter settings are shown in Table 1.

On the optical transmitter side, the intensity
modulation laser adopts a distributed feedback laser
(DFB) with a narrow linewidth and high linearity.
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Considering the communication frequency of the
cellular mobile communication and satellite
communication system in the order of GHz and the
limitation of the laser relaxation oscillation

frequency, the radio frequency carrier is 1.0~3.5GHz.

The optical wavelengths of the uplink and downlink
are 1310nm and 1552nm respectively, and the
attenuation coefficient and dispersion constant are
set correspondingly. Since the transmission distance
of the system is relatively short and the incident light
power is low, the influence of nonlinear effects such

as optical fiber SRS, SBS, and SPM are ignored here.

Therefore, the simulation system is mainly affected
by attenuation and dispersion effects.

Table 1. Parameter settings of OFDM direct tuning

RoF system.
Parameter name Value
Rate 1250Mb/s
Sequence length 215-1 bits
Modulation 16QAM-OFDM
Number of 64. 128. 256. 512
subcarriers
Cyclic prefix 1/32
Carrier frequency 1.0-3.5GHz
1310nm(Upstream)
Wavelength 1552nm(Downward)
Attenuation 0.3dB/km(Upstream)
coefficient 0.25dB/km(Downward)
. . 3ps/nm/km(Upstream)
Dispersion constant 17ps/nm/km(Downward)
Dark current 10nA
PD sensitivity 1A/W
Fiber dispersion expands the optical pulse,
causing  inter-symbol interference  due to
re-swallowing of adjacent pulses. As the
transmission distance increases, the dispersion

gradually accumulates, and the probability of error
increases. In the upstream direction, that is, at the
1310nm band, since the dispersion constant of the
optical link (3ps/nm/km) is much smaller than that at
the downstream (17psinm/km) at 1552nm, the
influence of chromatic dispersion is small, and the
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inter-symbol interference is relatively small, so the
same bit error conditions The lower transmission
distance is longer. The number of subcarriers is 256.
When the carrier frequency is 2.0GHz, the bit error
rate changes in the uplink and downlink directions
with the increase of transmission distance and the
constellation diagram shows that the number of
errors in the uplink and downlink directions is
counted when the transmission distance is less than
10km. It is zero, but bit errors gradually appear as
the distance increases. Under the condition of
BER:!E;l0-6, the uplink transmission can reach
25km, while the downlink can only reach 15km. The
illustration shown in the figure is a constellation
diagram measured when the transmission is 25km. It
can be seen that the transmission performance in the
upstream direction is less sensitive to fiber
dispersion and the constellation points are more
convergent.

Therefore, when designing and budgeting the
OFDM direct-tuning RoF  system, the
dispersion-limited transmission distance budget
should generally be the maximum distance in the
downstream direction, and provide appropriate
redundancy.

The change of carrier frequency will also affect
system performance. In the downlink direction, the
number of OFDM subcarriers is set to 256. In order
to adapt to the typical communication frequency of
the existing cellular mobile and satellite
communication systems, the carrier frequency range
of the OFDM direct-tuning RoF system is set to
1.0~3.5GHz. When the radio frequency carrier
frequency is respectively 2.0GHz and 3.5GHz, the
error performance of the OFDM direct modulation
RoF system is shown in Figure 5. As the carrier
frequency increases, when it approaches the laser
relaxation oscillation frequency, the waveform
becomes distorted, and the error rate of the receiver
increases during sampling decision. Therefore, the
error rate at 2.0GHz is lower than the system error
rate at 3.5GHz. Continue to increase the carrier
frequency. When it exceeds the relaxation oscillation
frequency of the direct-tuning laser, the system error
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performance will drop sharply. Therefore, it is
recommended that the RF carrier frequency should
be appropriately selected according to the RF
requirements of the actual wireless system and the
relaxation oscillation frequency of the laser when
designing such systems. .

The error performance of OFDM should be
adjusted RoF system is also affected by the number
of OFDM subcarriers. The thesis compares and
analyzes the system performance under multiple
sub-carrier numbers such as 64, 128, 256, 512. The
results show that the greater the number of OFDM
subcarriers, the less the system is affected by fiber
dispersion. When the downlink carrier frequency is
2.0GHz and the number of OFDM subcarriers is 256,
512, the system error rate changes. Under the same
transmission distance, when the number of
sub-carriers is 512, the system error rate is lower
than when the number of sub-carriers is 256. The
reason is that OFDM converts serial data into
parallel multi-channel sub-carrier transmission, and
the number of sub-carriers under the same input The
larger the value, the longer the symbol period after
mapping, and the fiber dispersion will broaden the
optical pulse. The larger the symbol period, the
smaller the relative spreading, that is, the less
affected by fiber dispersion. Therefore, it is
recommended that the number of OFDM subcarriers
should be appropriately high but not too high in the
design of such systems, because too high number of
subcarriers will increase the system complexity, and
the reduction of subcarrier spacing makes the
orthogonality between subcarriers more sensitive. ,
Which can easily cause crosstalk of sub-channels.

It can be seen from the simulation results that (1)
the combined effect of laser frequency chirp and
fiber dispersion is the key factor affecting the
performance of the OFDM direct modulation RoF
system; (2) Compared with the traditional IM-DD
system, the RF optical transmission system is more
sensitive to dispersion, so the system The
transmission distance of the OFDM system is
restricted, and the transmission distance in the
downlink direction is generally shorter than that in
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the uplink  direction. When designing a
dispersion-constrained  system, the downlink
direction shall prevail; in the design of an OFDM
direct-tuning RoF system in the access network
segment, it is recommended that the network radius
is limited Within 15 km; (3)The higher the radio
frequency carrier frequency, the worse the system
performance. It is recommended that the choice of
radio frequency carrier frequency should consider
the typical value of radio frequency carrier
frequency of the wireless system and the limitation
of laser relaxation oscillation frequency; (4)The
number of OFDM subcarriers also affects the system
To a certain extent, as the number of OFDM
subcarriers increases, the system error performance
is improved, but the system implementation
complexity and crosstalk between subchannels also
increase accordingly. Therefore, it is recommended
to appropriately increase the number of subcarriers
according to the actual situation, but not too high.

5. Conclusions

This paper integrates deep feature learning methods
and quantitatively analyzes the influence of several
key parameters on the transmission characteristics of
OFDM directly-adjusted RoF systems. The research
results show that the combined effect of laser
frequency chirp and fiber dispersion is the key factor
affecting the performance of the direct modulation
OFDM radio frequency signal optical transmission
system; the radio frequency carrier frequency and
the number of OFDM subcarriers are also factors
that affect the system performance. In the design of
the OFDM direct modulation RoF system applied to
the access network segment, limited to the limitation
of the transmission distance in the downlink
direction, it is recommended that the access distance
be limited to 15km. At the same time, when the
signal rate is constant, the number of OFDM
subcarriers can be appropriately increased and the
radio frequency carrier frequency can be reduced to
improve system performance. The research results
have guiding significance for the design of RoF
access network with low cost and low technical
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complexity.
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