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Table 1 The performance parameters of FPGA
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Parameters Kintex-7
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DSP Slice 840

GTX (Gigabyte Transceiver) 8
I/O (Input/Output) 251
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Fig.1 The experiment platform of image correlation system
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Fig.2 The work flow chart of image correlation system
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Fig.3 The data conversion process
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Fig.4 The signal display interface of oscilloscope: camera
trigger signal (CH2) and KD*P high-voltage control signal
(CH1).
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Fig.5 The flow chart of correlation tracking algorithm
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Fig.6 The interface of software for magnetic field observation
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Fig.7 Testing image: (a) reference data, (b) directly accumulated, (c) correlation accumulated.
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Fig.8 Target spot: (a) reference data, (b) directly

accumulated, (c) correlation accumulated.
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Fig.9 The gray line chart of target spot feature area
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Fig. 10 The local magnetic field of Sun: (a) direct
accumulated calculation results, (b) accumulated results

after image correlation.
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Fig.11 The target characteristics of solar local magnetic
field: (a) direct accumulated calculation results,

(b) accumulated results after image correlation.
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Fig.12 The line chart of magnetic field intensity
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Development of Image Self-correlation System Based on FPGA
for Space Solar Magnetograph

BAI Yang!?3  LIN Jia-ben'??  WANG Dong-guang®*?  DENG Yuan-yong!?3

(1 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101)
(2 Key Laboratory of Solar Activity, Chinese Academy of Sciences, Beijing 100101)
(8 University of Chinese Academy of Sciences, Beijing 100049)

AsstracTt The solar magnetograph is a key instrument for observing and studying the solar magnet-
ic field, and the image correlation system of the magnetograph directly is one of the key technologies
in the instrument, affecting the accuracy and spatial resolution of the data. In view of the strict re-
quirements of the deep space exploration satellite system on the weight and size restrictions, an image
self-correlation system for space solar magnetograph was designed. The system contains the accurate po-
larization modulation, accurate alternating sampling control and image correlation algorithm, to overcome
image blur caused by satellite platform jitter, to realize the image real-time correlation, so as to obtain
higher resolution solar magnetic field data. The system adopts modular design and mainly includes six
parts: camera and KD*P high-voltage control, image data conversion, communication function on FPGA
(Field-Programmable Gate Array), image correlation, communication function on DSP (Digital Signal
Processor), and control system. The solar magnetic field data can be obtained by one button through the
control system software. At present, the real-time image correlation observation function (20 frame/s and
1 Kx1K area array) is realized based on FPGA + DSP architecture, and achieve stable accuracy within
1 pixel. On June 18, 2021, the ground experimental test was carried out on the 35-cm solar magnetic field
telescope in Huairou solar observing station. The data results show that the image self-correlation system
can effectively correct and integrate the image offset in real time, and obtain higher resolution solar mag-
netic field data. In addition, the system does not depend on the hardware devices such as the deflection
mirror in the traditional image correlation system, and can be directly embedded into the onboard data
acquisition system, to reduce the weight and power consumption of the system, and improve the reliability
of the on-orbit operation.

Key words Sun: magnetic fields, Sun: photosphere, space vehicles: instruments, techniques: image pro-
cessing
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