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Fig. 1 Simulation results of three-layer scatterer. (a) Simulation result obtained by conventional OCT; (b) simulation result obtained by

PSD-OCT; (c) gray distribution curves
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Fig. 2 Experimental setup of PSD-OCT system
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Fig. 3 Schematic diagram of PRPP operation
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Table 1 Signal intensity and loss with different phase

modulators

Relative signal
Phase modulator vesie Signal loss /%

intensity /arb. units

Nothing 1. 00
PRPP 0.94 6
Diffuser 0.52 48

4.2 BEHMERBIR G

X 3R OB A A - — ALK (PDMS-TIHO,) B4
RS AT BAR S5, XF HeAZ 48 OCT Ay A 56 8 i i 1%
g5 5 PSD-OCT Y & M 56 & i il 14 45 5%, OF i &
ROT( & 5 M B SR HE ) 1 MR AR 6 R B r SR B ik
B M T BB AR W LE RSSe/ R s R BE 43 A i £k, 25
TR 5 FE 6 o HCS PR B H R — S AR BB R
AR W SR ke b R AR . IR SRR

B, B MG A S 2 i G b 0 BOBE I R B AR
B b S 3 T2 R O 2 i G v B 0B A1 o SR B
ZHUBE M Z 5 B A G 1 0. 93 [F% £ 0. 49,
eI T ARG AR 45 9 (0. 42) , £ W] PRPP B A i 5+
4 FCBE 25 HH DG B 77, 3k 2t 5 02 M O B i i) AR MR i AR
e 4H 56 B i SRR . OB £ M b 25 SR A 6 (a) |
(b) It 7, He v S 56 (8 2 H 48 o P15 000 75 28] 79 1B £
M LY, FIS (R X (3) TS B A BB (S e L . T LA
KB, Bl MR A DG B R A £ M R TS
KM ERAE S IMEMR A E M LS 2 T B ER_AIE
IR R MG RS 105k Z )5 3T
BT 5% . KBS A i a1 6 (c) L (d) FiR o
ATRLE B MR T A OB MG, B IR G s £
RSN Z 5 WK B A AR HAEE N 105k 2 )5
BT —3%. LR rd REW , PSD-OCT fEfE KiF
RIS A OC R 8, B S 05 85 A0 IE T2 R 50

0111002-4



HA 0 AR RO LA OCRCR . 1945 T PRPP 5
19 25 A OCRE 71, PSD-OCT W] LA R4 b V- ¥ HC B e s

HT T 78 B i 5K Kk B 10 2 5 FE MR ROCR B T A TR

JAR FREASL i 6 B i [7] — BB o 8 Ak 7 2 R R 10, 1

M=1 M=3

®A3E E18/2023 £ 1 B/FER
A7 A5 W 7 () B RT B R b T A8 SR RE IS ), HUAS 37 EEH
AR VR S o AE X M, B A G R B E 1, B g
OCT B LB W Lo A0 B2 AH o3 A7 B AR RS | HUE
I 28R P AR

M=10 M=20 M=50

"Wo,:'r R

’I‘"I!\ <'._’4‘ £
M igga

OO YA

Nade
R R

S s AR
4

5 PDMS-TiO, AR 458 . (a) £ 58 OCT 15 2 B A 7] M T B9 A OG5 I AR 45 251 5 (D) PSD-OCT 48 B i AN 7] MR /9 25 A 56 &
B A R

Fig. 5

Imaging results of PDMS-TIO,. (a) Correlation superposition imaging results obtained by conventional OCT under different

M ; (b) decorrelation superposition imaging results obtained by PSD-OCT under different M
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Fig. 6 Data analysis of PDMS-TiO, imaging results. (a) Speckle signal-to-noise ratio varying with M; (b) enlarged result of dashed box

in Fig. 6 (a); (¢c) gray distribution curves obtained by conventional OCT under different M; (d) gray distribution curves obtained
by PSD-OCT under different M
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Imaging of human nail. (a) Correlation superposition imaging result obtained by conventional OCT; (b) decorrelation

superposition imaging result obtained by PSD-OCT
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Abstract

Objective
become a research hotspot of biological imaging and has been widely used in the field of medical diagnosis. As an imaging

Optical coherence tomography (OCT) is a non-invasive optical imaging technology. In recent years, it has

technology based on the principle of low coherent light interference, OCT is susceptible to speckle noise. Speckles will
destroy details of OCT images and reduce image quality, which imposes significant limitations on the clinical application
potential of OCT. Superposition is a common method to reduce additive white noise. However, speckle noise belongs to
the multiplicative noise. In order to suppress speckles more effectively, it is necessary to use speckle decorrelation
technology to reduce the speckle correlation between images for superimposition, which is called the decorrelation
superimposition method. Decorrelation superimposition can improve the speckle signal-to-noise ratios of superimposed
images. Up to now, researchers have proposed a variety of speckle decorrelation technologies, but they face the following
limitations: the number of available decorrelation images is limited; the overall system is bulky, complex, and expensive;
the transmitted light power is greatly lost, and illumination variability during two-dimensional scanning is introduced. In
this study, a speckle decorrelation OCT system using a pure random phase plate (PSD-OCT) is reported. The system uses
a tailored pure random phase plate (PRPP) to achieve speckle decorrelation, which can avoid the loss of light power and the
introduction of illumination variability, and has a simple and low-cost structure. PSD-OCT helps obtain low-noise imaging

results.

Methods
wavefront phase of the sample light,

The PSD-OCT system is built based on swept-source OCT. The system uses a PRPP to modulate the
and changes the gray value characteristics of speckles when images for
superimposition are collected to realize speckle decorrelation, so as to provide low correlation images for decorrelation
superposition method and reduce OCT speckle noise. PRPP is a specially designed binary diffractive optical element used
to modulate the wavefront phase of OCT, with periodic random phase distribution of 0-2x in the radial direction. The
PRPP is placed on the focal plane between the scanning lens and the subsequent lens of a sample arm. Due to the conjugate
relationship, the object plane of the imaging sample and the modulation plane of the PRPP are object-image conjugate
planes. When the sample is continuously collected at the same imaging position, PRPP moves on the plane perpendicular
to the optical axis to change the wavefront phase distribution of the illumination and scattered light of the sample arm, and

then realizes the random phase modulation of the object plane through the conjugate relationship. The phase shift of PRPP

0111002-8



F 435 F18/2023 F£1 A/XZFZHR

with time changes the OCT speckle pattern, which makes each image have different speckle patterns, realizes

decorrelation superimposition, and reduces speckle noise.

Results and Discussions The simulation results of the three-layer scatterer (Fig. 1) show that when the image is
decorrelated and then superimposed, the speckle phenomenon of superimposed images is well suppressed, and the
tomographic boundary between layers is clearer. In addition, the speckle signal-to-noise ratio is increased by 1.5 times.
The result demonstrates that decorrelation superimposition can reduce noise. It can be seen from the imaging results of the
scatterer model that PRPP reduces the correlation coefficient between multiple images used for superimposition from 0. 93
to 0.49 (Fig. 5), which is close to the ideal result of the simulation (0. 42). Such results demonstrate that the PSD-OCT
system has a nearly ideal speckle decorrelation effect. After speckle decorrelation, the signal-to-noise ratios of
superimposed images are significantly improved, and speckle noise is smoothed. By comparing the imaging results of
human nails and fingertip skin of traditional OCT and PSD-OCT (Figs. 7 and 8), it can be seen that compared with
traditional OCT, the granular speckle noise in the superimposed images obtained by PSD-OCT is suppressed, and
tomographic structure features between tissues are clearer. To sum up, our experimental results show that PSD-OCT can

reduce speckle correlation, improve the speckle signal-to-noise ratio, and observe finer and clearer biological structures.

Conclusions In this study, a speckle decorrelation OCT technology using PRPP as a phase modulator is proposed, and a
low speckle OCT imaging in wvivo is successfully realized by using the decorrelation superposition method. PRPP
modulates the wavefront phase distribution of the sample light by generating a time-varying phase shift, and it has excellent
speckle decorrelation ability, which makes superposition effectively reduce the impact of speckles on imaging and thus
enhances the visual visibility of OCT images. The low signal loss rate introduced by PRPP can avoid the image contrast
reduction and illumination variability caused by additional optical devices during operation. Our study shows that compared
with traditional OCT, PSD-OCT has achieved a remarkable speckle suppression effect with a simple and compact
structure. This system can reveal details of samples originally covered and damaged by speckles, and can more clearly
show the fine structure and chromatographic characteristics of biological tissues. PSD-OCT has a wide application
prospect in the biomedical imaging field, which will enable doctors to diagnose related diseases more accurately and reduce

the difficulty of algorithms including OCT image enhancement, contour extraction, and so on.

Key words imaging systems; noise in imaging systems; optical coherence tomography; speckle; random phase plate;

wavefront modulation
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