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Abstract  To achieve high speed, high precision,

and device miniaturization,
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an improved joint transform

correlation (JTC) method is proposed. In this method, the correlation input image is constructed by superposing the

intensity of two images to be detected. To effectively separate autocorrelation and cross correlation peaks, the

method makes use of the constant image motions resulting from satellite movement. The size of each image used for

the correlation operation is reduced to the size of the image to be detected, which greatly reduces the calculation of

the measurement process, which is beneficial for realizing high-speed digital joint transform correlation. The

simulated and experimental results show that the new method maintains the advantages of high accuracy, high

robustness to image noise and low dependency on image texture of traditional JTC. Additionally, it also has the

potential for high-speed image motion measurements.
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Fig. 1 Distribution of the correlation peaksof different
JTC methods. (a) Conventional JTC; (b) BJTC
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Fig. 2 Constant image motion resulting from
satellite movement
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Fig. 3 Different images for test. (a) City; (b) desert; (c¢) massif; (d) sea surface; (e) cropland; (f) town
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Fig. 4 Simulation experiment results of ISJTC. (a) Input images; (b) joint power spectrum image;

(c) related output image
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Table 1 RMSE of image motion measurement of

different images

Image x direction /pixel ydirection /pixel
City 0.026 0.029
Desert 0.024 0.039
Massif 0.025 0.034
Sea surface 0.023 0.031
Cropland 0.031 0.046
Town 0.041 0.029

.\
B 5 RIEME M LT A B 5. () 42 dBs (b) 30 dB; () 20 dB; () 12 dB
Fig. 5 Typical test images of different SNRs. (a) 42 dB; (b) 30 dB; (c) 20 dB; (d) 12 dB
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Table 2 RMSE of image motion measurement

under different SNRs

SNR /dB x direction /pixel  y direction /pixel
42 0.027 0.025
35 0.033 0.028
30 0.029 0.028
25 0.034 0.032
20 0.058 0.046
17 0.092 0.059
12 0.173 0.145
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Fig. 6 Design diagram of FPGA hardware system
for ISJTC method
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Fig. 7 Moving target in the experiment
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Fig. 8 Image motion measurement results in x direction
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Fig. 9 Image motion measurement results in y direction
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