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Abstract: Dispersion compensation for the data processing of the spectral domain optical coherence tomography
(SD-OCT) system is an important way to improve the imaging quality of the system. A dispersion compensation
method for spectral domain optical coherence tomography based on numerical polynomial fitting analysis is pro-
posed in this paper. This method obtains the dispersion factor by fitting the phase of the interference signal and re-
moves the dispersion mismatch terms, which can significantly improve the system axial resolution compared with
non-dispersion compensation. The SD-OCT system is used to measure the axial resolution and signal-to-noise ratio
(SNR) at different positions of the optical path difference, and the effectiveness and reliability of the method are ve-
rified by analyzing the axial resolution and the SNR of the system before and after the dispersion compensation
technology. Finally, we found that the third-order dispersion compensation has a visible optimization effect within the
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imaging depth of ~1.5 mm.
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Fig. 1 Schematic of the SD-OCT system
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Fig. 3 The measured intensity and phase of the interference signal.

(a) Interference signal; (b) Wrapped phase by Hilbert transformation; (c) Unwrapped phase

210184-4



St THE, 2021, 48(10): 210184

https://doi.org/10.12086/0ee.2021.210184

AL, BARRGERRm PR, ARRMETR EEX A
R BT M, B T AR R R B £
A R R = B A s ], BT R e Rl ) o R
3.2 faEME

B TS5 5 AR S Z ) B ORI, AHA R%R
FEUE S () R IRAR AR R o RO pREIL G =By
ZWAFAA, R —H R HEOGERE S &
Ja A2 10 R B E 1Y 0 AR AR TR, AT BR
W, b 15 =B 20a A AL E kM
HeAs, SCEe R sy I T R 2R py 2 5
PIEPREME T 2R, A =R B HCRME T R MER

(a) —=— Not compensated for dispersion

14 1 —e— 2"-order dispersion compensation

—&— 3"-order dispersion compensation
—A— 4" order dispersion compensation g i~
€ 12F
= L
c
ie]
=) -
3 10 o
(72} | 3
) >
= '
© " oo -0
< 8 - = PR B -
< - ® e
i P
H i
6 - =y *
e

Depth/mm

AT LAST BT AR s B € RO 2R Gl v o B 1
SO, SRy TR w2 P ) BER R
e P A L AR e 2 R G S B AT AN R
2048x 10, ANl B MES 7 20T 2 G n] 43 HER 5 MR
mE 4@)Fn, B 4b) s T2 H 1.02 mm B R
SRR A SRR AT 3 dB FERE S 4
FEAAXTI , AT = CERCRME RS (0 % ] 43 3
b PO B kMR Yl o B R A 2, T LI
ANHEAT RO MEE N I MRS T TG At ) 43
Kl 5 R T i =B E e Ao MEE A i R A

b
(b) —— Not dispersion compensated
70 F | 2™-order dispersion compensation
/\ —— 3™-order dispersion compensation
65 1 IllI —— 4"-order dispersion compensation
1
o | |
= i
s /
‘D
C
)
n
1 1 ]

0.9 1.0 1.1 1.2

Depth/mm

B4 FFEE#KAMZH £ R G4 595 F PSF 6980,
(@) £ 0~1.5 mm FEE B i@ 9%, (b) £ 1.02 mm 449 57 55
Fig. 4 The axial resolution and PSF with different order dispersion compensation.
(a) The axial resolution in the depth range of 0 ~ 1.5 mm; (b) The PSF in the depth range of 1.02 mm
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Fig. 7 SD-OCT images of rubber hose and coverslip.
(a), (c) Not compensated for dispersion; (b), (d) 3rd-order dispersion compensation
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(b)

(c) (d)

SD-OCT images of rubber hose and coverslip. (a), (b) Not compensated for dispersion; (c), (d) 3rd-order dispersion compensation

Overview: Optical coherence tomography (OCT) is an optical imaging modality that enables high-resolution,
cross-sectional, and three-dimensional volumetric imaging of the internal microstructure in biological tissues and ma-
terials. SD-OCT system has a broadband source and a spectrometer with a line scan camera. One of the main problems
of the SD-OCT system is that chromatic dispersion causes the decrease of sensitivity and imaging quality. Many differ-
ent methods have been proposed, including hardware-based and software-based methods. Solutions include physically
matching the dispersion in both arms by adding compensating materials, gratings, or fiber-stretchers in one of the in-
terferometer arms. However, all these methods only compensate up to second-order dispersion and have the same pit-
falls of complexity and cost. Various software-based methods have also been proposed to solve the problem of disper-
sion mismatch. Some rely on an iterative adjustment of a phase correction signal to optimize image sharpness.

We propose a dispersion compensation method based on the numerical polynomial fitting analysis in the spectral
domain optical coherence tomography. This method obtains the dispersion factor by fitting the phase of the interfe-
rence signal and removes the dispersion mismatch terms, which can significantly improve the system axial resolution
compared with non-dispersion compensation.

To illustrate that the numerical dispersion compensation method has an optimized effect on the axial resolution of
the SD-OCT system, we measured the axial resolution at different depths and compared the PSF of 2nd-order,
3rd-order, and 4th-order dispersion compensation. The results prove that the axial resolution obtained by 3rd-order
dispersion compensation is in good agreement with it measured by 4th-order dispersion compensation, and is better
than it measured by non-dispersion compensation and 2nd-order dispersion compensation. The third-order dispersion
compensation has a visible optimization effect.

A comparison between the measured PSF by third-order numerical dispersion compensation and by the iterative
dispersion compensation technique was carried out. The PSF is measured at the imaging depth of 1.02 mm. The meas-
ured FWHM with third-order dispersion compensation is ~7.5 pm and that with the iterative dispersion compensation
technique is ~7.0 um. The iterative dispersion compensation yields a little better resolution than the three-order disper-
sion compensation. However, it requires more computation.

The images of rubber hose and coverslip in the experiment are shown in the Figure. Using the method of the
third-order dispersion compensation, two-dimensional imaging of rubber hose and coverslip are shown in Figure (c)
and Figure (d), respectively. In order to contrast the effect of this method, the diagrams without dispersion compensa-
tion are shown in Figure (a) and Figure (b). The diagram with third-order dispersion compensation has a good sharp-
ness in the deep position.
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