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Fig. 1 Structure of data acquisition module for Raman distributed optical fiber sensing system
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Fig. 2 Designed diagram of data collection unit structure
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Abstract
Objective The spontaneous Raman scattering effect in optical fibers is sensitive to temperature, so distributed Raman

optical fiber sensing systems can monitor temperature characteristics over a wide range and have been widely applied in the
temperature safety monitoring of major infrastructure such as highway tunnels, railway bridges, and smart grids. After
decades of development, the sensing performance of Raman distributed optical fiber sensing technology has been greatly
improved. Parameters such as spatial resolution, sensing distance, and sampling accuracy are important indicators for
evaluating the performance of Raman systems, and the accuracy of these parameters is directly affected by the data
acquisition and processing module. Therefore, this paper designs a data acquisition module for long-distance Raman
distributed optical fiber sensing system based on an field programmable gate array (FPGA) integrated convolutional neural

network (CNN), aiming to improve the temperature measurement accuracy and extend the measurement distance.

Methods
sensing system. First, the analog-to-digital converter is used to complete the signal conversion, and the data is transmitted
to the FPGA through the JESD204B high-speed data transmission interface. The first input first output (FIFO) is used for

A data acquisition system is designed to increase the sampling distance of the Raman distributed optical fiber

cross-clock domain and data bit width setting, the accumulation averaging denoising algorithm is implemented in the
FPGA for denoising, and the finite state machine is used in conjunction with the AXI4 bus protocol to control the double
data rate synchronous dynamic random access memory (DDR3 SDRAM) for data storage and data flow, completing the
write, read, delay and synchronization operations of the data, with the aim of achieving long-distance data acquisition.
Finally, the data is sent to the upper computer through the peripheral component interconnect express (PCIE) high-speed
serial interface by calling the Xilinx direct memory access (XDMA).

A CNN denoising algorithm is designed and applied to the FPGA to improve the temperature measurement accuracy of

the Raman distributed optical fiber sensing system. First, a CNN model is built in the Python environment, and the collected
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data set 1s trained in this model to obtain the weight and bias information. After completing the training, the denoising effect is

tested in MATLAB through simulation. Finally, the logic function simulation and board verification of the CNN denoising
algorithm are completed on the FPGA platform. The algorithm denoising is carried out using the data buffer controller and the

convolution operation unit to improve the temperature measurement accuracy of the system.

Results and Discussions Experimental results show that this module can achieve a sampling frequency of 1000 MHz,
with an actual measurement point number of 1.024X10°, and the accumulation averaging times can reach 65536 times per
single operation. The data processing time is directly determined by the frequency of the signal generator, enabling high-
speed data acquisition and processing for long-distance Raman distributed optical fiber systems and reducing the demand for
hardware performance. The verification results show that through the CNN denoising processing, the temperature
measurement accuracy is improved to 0.998 °C, enhancing the temperature measurement accuracy of the Raman distributed

optical fiber sensing system.

Conclusions This paper presents a data acquisition module for Raman distributed optical fiber temperature measurement
system based on FPGA and CNN. First, by integrating the AD9680 high-speed ADC (1000 MHz) with the Kintex-7
FPGA, efficient signal acquisition and processing are achieved. In the data acquisition section, the JESD204B protocol is
adopted for signal digital transmission, and the system’s temperature measurement accuracy is significantly enhanced
through the application of the cumulative averaging denoising algorithm and the CNN denoising algorithm. Specifically,
the cumulative averaging algorithm effectively reduces random noise and improves the signal-to-noise ratio, while the
CNN denoising algorithm, with its learned feature extraction capability, enhances the system’s adaptability in complex
noise environments, ensuring high-quality data output even in long-distance sensing scenarios. Furthermore, the system
ensures efficient and low-latency data transmission through the PCIE Gen2 X8 interface and direct memory access (DMA)
control, avoiding the risk of real-time performance degradation due to data transmission delays. Additionally, based on the
Qt software platform, real-time storage and visualization analysis of temperature data are implemented, providing a
convenient operation interface and intuitive data display method. Experimental results show that after integrating the CNN
denoising algorithm, the temperature measurement accuracy is improved to 0.998 °C , significantly reducing the
measurement error. Traditional signal processing methods are prone to noise interference in long-distance measurements,
leading to a decline in temperature measurement accuracy. However, the propsoed CNN denoising method effectively
improves the measurement stability and accuracy of the system, especially in long-distance and high-noise environments.
Through the training of the CNN, the CNN effectively suppresses noise and distortion in the signal, enabling accurate
temperature measurement even under extremely low signal-to-noise ratios, greatly extending the measurement distance
and optimizing the temperature measurement accuracy.

Key words Raman distributed optical fiber sensing; convolutional neural network; field programmable gate array; data

acquisition and processing
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