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Speckle Noise Reduction of Optical Coherence Tomography Based on
Robust Principle Component Analysis Algorithm
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Abstract Robust principle component analysis (RPCA) algorithm is introduced to eliminate the mass speckle noise
in optical coherence tomography (OCT) system. We understand the characteristics of speckle noise in OCT system
by analyzing the speckle generation mechanism in OCT system. Combining the characteristics of OCT system itself,
the low-rank matrix recovered model based on RPCA algorithm is proved to be suitable for the speckle noise
reduction in OCT system. The best estimation which decomposes the original image of OCT into speckle noise image
and sample cross section image can be obtained based on the RPCA algorithm. RPCA algorithm can retain the speckle
patterns of the sample’s own structure while separating the speckle noise, and avoid the generation of the artifact
effectively. The result shows that RPCA algorithm can effectively suppress the speckle noise, enhance the signal-to-
noise ratio, and improve the effect of OCT images, through comparing the images before and after processing.
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Fig. 1 Data processing flow chart of the RPCA algorithm employed to reduce speckle noise in OCT images

Y /2 RPCA 1R 52 52 31| W 7 35 4 i fIC BK E
MERRERY i de /N A AR R B3, R 3 B 52 AR Bk
R E T SRR

min(|[L|. +A[S],) st. M=L+S, (3
LA (L. R LEREEG S R SH 1 EGA R
FEST RN T A =1/ mn X BRI 3ET Ri A%
B H 37 (ALMD ¥k e R fig RPCA [ 807, 15 %)
45 K 8 1T PR PR R B LR HICEE M R R B BE S . H
I 4 A 3] 1) 295 0 AR TR VR R 6 B L AT 3 A 48 L A
F) 5 OxF R A 2 M S AT RS TR AR AR B Y
A B G A s SR L 5 M, e B R D R Ak
B, 0 857 B R IOT- 38 B 2R A R ENR

3 LR 518

3.1 HERGRENINEEZRERSH
BEEIA 4 A5 b 34T R 048 Ar S 8
FHF & Ak fig 5t R 0T &, R A g (15 e H
(PSNR) KA 1 EE L &=, B & s (5 5 i K] fig
Uy 5 52 ) 1 3R 7R RS BE A0 0 I8 1R R S ) R L
HS . FERUE L, a7 5 R T 35 05 25 (MSE) 2k /2 X
PSNR., PSNR fil MSE g5 h
maxZ(I)}

X MSE

Ryswk = 101g[
, (D)

m—1 n—1

1 .. PR 2
1MSE_EZZHI(Z’]) K(Z’J)H

i=0 j=0

A I KAKRNMmXn PR EOERG, I E K
(R I 75 AR s max (DD A MR TR RAE. W2k 8 b
il — R R S E I8 4 max (1) =256, — i
H, 2% KGR K R R A6 W KR . X OCT K&
Sk = AR VE T R 0 BB R B 7R Dol i o A
FHOGE 61715 7N 22 B0 b 5015 380 8 75 1) s o 22 4%
Th o DT A5 2 M sy 220090 A4S 2 (O P Y 2 e s
H &K N

o, =median(|c, [)/0.6745, YVh EHH, (5)
X HH JEXH M Far N

PSNR e ARG TG, SR, T PSNR
A I I N BE 5O HR T 0 58 B 1 AR A —
BRI BIAT R A S E R OR A R R T

Xof HEBE 15 M b CCONRO A 2 — A FH O il 5 181 1%
T T B AR S A R X L B 2 4 9 ol 2 2
5 R R A R 22 0 22 ) K D) AR R %o L B e
TP FEBE L E R A AU s 2 5 T
SR AR E 22 2 R B 2 CNR, I i F s B T
ARG R B X8, 5 s OB A 2 L CNR,
HR KN

e
Rexg = — 2, 101 -
=y Se(( ) (“

AU o O O DX 3 > s g DA SR R DX S ) 2
{FL o, N S XY B (E L of OGRS B 7 22

0511002-3



Es i

ot NSRRI 25 . BR T RSB HE R R Y
D E AR Y AR A R (ENL) S — b i
T4 5] DO PR O 5 AR S B e (L iy 242 X
(A A bR v 25 FE [l Tk 5E , 5 CONR — R, T e MU
AN EOGHR A DI, RO RS B A R B9 ENLAY

_ 1l
NENL_?’I;G?O (7)
32 HMAEREGSEBREG—&REEEMNE
SE LR

YRR 256 pixel X 500 pixel 1/ B H 4=

OCT i F& Uit i BB R B3k g5 s 3E 47 b
AR LS BR (R ERBD . ERRERS
Fo I PRGBS 2R 0 B B — 4 (— 2O R E A5 A
J405 e T A R — B TR B AR R AR S R an e 2 i
. HIEL 2 WAL B A VR 2 TR K R R ) A ) 4
P AT 53 0] Ol 36 B LRz LI A AR

T xF H R 2 (o) L 2 Cd) H il R 4 it 2] L
A5 JELA ER A L 0 i 2 e W L iR
X o7 /0N B 2 1 £E W 45 A8 A 2L R LE B 2 M TR
AT B AR

250

g 200 _‘Dl(lomls—)fﬁ\ / dermis (b)
3 - blood vessel
g 150 v" ¥ auricular cartilage
= 100f P
%0 M{‘ \V,\ f\ n

50 = ‘J\‘ /f\. W'T J/\.‘ V\A \/ \J\ \

0 Wl 1 1 .f ‘J‘\J (i W\M I

50 100 150 200 250 300

Depth

2 IR SRR BB S 2 W RGO NSk 2 (o B — HE DR B £ B 1 5 18

250
g 200 —‘m(k\mi»’\’,\{A‘/dormis (@
g L V blood vessel
k=] 150 ; L\ «'( auricular cartilage
= 100 J V1l #
‘E‘) [ ’ \UV\\ J\\“"‘ ﬂlb\“
50 fip Na
V\ ‘[ W \/\\w‘l My
0 V\”NX/ 1 1 v 1 Wiy
50 100 150 200 250 300
Depth

(a) IR 36 155

(b #il 1 Je s AR — HE TR AR B 15 5 5 (o) R MR AR
(DR e R — IR R B fE 5 A

Fig. 2 Signal plots describing the one-dimensional depth information of the green lines corresponding to the

original image and denoised image. (a) Original image; (b) signal plots describing the one-dimensional depth

information of the original image; (c¢) denoised image; (d) signal plots describing the one-dimensional depth

information of the denoised image
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