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Abstract  The full-range complex frequency domain optical coherence tomography based on sinusoidal phase
modulation has the advantages of good effect on suppression of the mirror image and high velocity sensitivity with
the highest signal-to-noise ratio (SNR) near the zero-path difference position. It has been widely utilized in the field
of Doppler imaging. However, this technology is not suitable for the sample with high-speed motion affected by
phase demodulation. In this paper, we present a novel approach, i.e., the complex frequency domain Doppler
optical coherence tomography, based on phase difference resolved technology. After obtaining the interference
tomography signal by Fourier transform of two-dimensional interference spectrum signal, and using the differential
phase of the adjacent tomography signal to reconstruct the complex tomography signal, we obtain the full-range
tomography images and Doppler images after sinusoidal phase demodulation. It is shown from the simulation and
experimental results that this technique can reduce the broadening of the signal spectrum due to high-speed motion,
so that more accurate Doppler phase shift and larger velocity detection range can be obtained.
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Fig. 1 Diagram of theprocess of differential phase resolution. (a) Two-dimensional interference signal; (b) two-dimensional

complex tomography signal; (c¢) phase difference of two-dimensional complex tomography signal; (d) temporal
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Fig. 10 Sample to be detected. (a) Physical picture of sample to be detected; (b) relation between amplitude of

sinusoidal movement of sample and amplitude of sinusoidal signal
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Fig. 11 A-Line signals of moving sample. (a) With mirror image; (b) traditional technology to overcome the mirror image;

(c¢) using the phase difference resolved method to overcome the mirror image
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Fig.

12 Doppler phase shift and the temporal frequency spectrum of sample in experiment. (a) Traditional technology with

the Doppler phase; (b) phase difference resolved technology with the Doppler phase; (c¢) the temporal frequency

spectrum of traditional technology; (d) temporal frequency spectrum of phase difference resolved technology
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Fig. 13 Dopplerphase shifts and temporal frequency spectra of sample in experiment with phase difference resolved method.

(a) Doppler phase shift with 6=19.80 pm; (b) temporal frequency spectrum with 6 =19.80 pm; (c) Doppler

phase shift with $=21.59 pm; (d) temporal frequency spectrum with 6=21.59 pm
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Table 1 Doppler phase shift, movement amplitude, and range of speed calculated by phase difference resolved method

) Estimated Estimated Peak-peak ) Range of speed
Case ) Amplitude /pm Frequency /Hz
amplitude /pm  frequency /Hz value /rad /(mmes™")
Case 1 12 78.125 8.4847 11.554 [—7.344, 4.484] 78.12
Case 2 16 78.125 14.545 19.800 [2.507, 16.949] 78.12
Case 3 20 78.125 15.854 21.590 [—19.679, 1.516] 78.12
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