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Table 1 Comparison between the enhanced real-time correlator and the existing correlator

Fractional Bit

Fringe Delay Frequency Sampling Sampling Integral Data Transmission Dynamic
Delay Bandwidth
Stopping  Model Channel Rate Bits Time Bits Mode Range
Compensation
Conventional
No No No No 100 Msps 50 MHz 12 bit ls 32 bit PCI 72 dB
Correlator
Enhanced 0.5—
Yes Yes Yes Yes 250 Msps 125 MHz 16 bit 64 bit PCIe2.0/RJ45 85 dB
Real-time Correlator 32767 s
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Fig. 2 Cross correlation phase in test of integer

bit delay module
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Fig. 3 Phase in simulation of fringe rotation module
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Fig. 4 Simulation of phase, sin component, and cos component at three different delay rates
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Fig. 5 Cross correlation phase difference variation in test of
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Fig. 6 Simulation of fractional bit delay

compensation module
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Table 2 Test results of the isolation between

the four channels

Affected
Time
Channel 1 Channel 2 Channel 3 Channel 4
Channel 1 68.4dB  83.5dB 85.6 dB
Channel 2 68.9 dB 66.8 dB 84.7 dB
Channel 3 85.8 dB 68.6 dB 69.7 dB
Channel 4 85.7 dB 85.7 dB 69.9 dB
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Table 3 Q-band SiO strong spectral line source for antenna pointing measurement®

Name Right Ascension (h:m:s) Declination (d:m:s) Peak Flux/Jy V /km s~ Av/MHz
oCet, 02 19 20.79 —02 58 39.5 364.0 46.5 6.7
VYCMa 07 22 58.33 —25 46 03.2 1680. 0 18.0 2.6
RLMi 09 45 34.28 +34 30 42.8 154.0 1.5 0.2
RLeo 09 47 33.49 +11 25 43.6 490 -1.0 —0.1
WHya 13 49 02.00 —28 22 03.5 910 42.0 6.0
SCrB 15 21 23.96 +31 22 02.6 103.0 —1.0 -0.1
V4120Sgr 18 03 56.53 —20 19 00.5 161 19.0 2.7
VXSgr 18 08 04.05 —22 13 26.6 430.5 3.0 0.4
uCep 21 43 30.46 +58 46 48.2 163.0 25.0 3.6
RCas 23 58 24.87 +51 23 19.7 182.0 21.0 3.0
TXCam 05 00 50.39 +56 10 52.6 90 13 1.9
VXSgr 18 08 04.05 —22 13 26.6 200 5.7 0.8

Note: all data are from Ref. [16].
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Fig. 12 Block diagram of antenna pointing measurement
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Fig. 13 Auto correlation amplitude, cross correlation amplitude and phase of the TM65 m and 1.8 m antenna
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Fig. 13 Continued
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Fig. 14 Measurement of reference main reflector deformation and energy distribution of the TM65 m and 1.8 m antenna
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Fig. 15 Measurement of main reflector deformation and energy distribution at 71° elevation of the TM65 m and 1.8 m antenna
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Enhanced Real-time Correlator Design and Application
for Antenna Measurement

ZHANG Leil? WANG Jin-qing34 YU Lin-feng! JIANG Yong-chen! WEI Yu!

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200050)
(2 School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049)
(8 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210023)
anghai Key Laboratory of Space Navigation and Positioning Techniques, Shanghai ;
Shanghai Key Lab S Navigati d Positioning Techni Shanghai 200030

AgsstracT Large radio telescopes play an important role in various disciplines such as radio
astronomy, geodynamics, and deep space exploration. Due to the influence of various factors such as
temperature, gravity, and wind load, components including the subreflector, backup structure, and main
reflector undergo deformation, thereby compromising antenna efficiency and pointing accuracy.
Therefore, it is necessary to measure and adjust the antenna. The real-time correlator is a crucial
instrument for antenna measurement. For this purpose, an enhanced real-time correlator based on
FPGA (Field Programmable Gate Array) for antenna measurement was designed and implemented.
When applied in antenna measurement, compared with the traditional total power measurement
method, the enhanced real-time correlator offers advantages such as strong anti-interference capability,
high sensitivity, and the ability to perform real-time compensation and interferometric observations of
radio sources. It can be applied to various antenna measurement applications, including pointing
calibration, subreflector pose adjustment, and main reflector deformation measurement. Scanning
radiation pattern test and holographic measurement of the main reflector deformation were conducted
on the TM65 m radio telescope using the enhanced real-time correlator. The results verified the
accuracy and reliability of this system for antenna measurement.

Key words telescopes: pointing error, plane of reflection, methods: holography, data analysis,
instrumentation: interferometers, correlator
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