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Application of Phase Demodulation Technique in Turbid Medium Imaging
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Abstract Multiple light scattering caused by turbid medium can distort the propagation of waves, thus the image
will become blurred. A novel method called turbid lens imaging (TLI) is adopted to reconstruct this kind of distorted
images. In this method, the complex electric field of output light needs to be obtained to calculate transfer matrix of
turbid medium. Only the intensity information is recorded by CCD. the phase information will be merged in recorded
images. As speckle images are generated when the incident light transmits through turbid medium, there will be
obvious error in the phase retrieved by using Hilbert transform directly on the interference fringe pattern. In order to
eliminate the influence of speckle intensity changes, the distorted wave image, reference beam image, light
interference fringe image and background image are recorded respectively. According to the interference theory,
interference cosine factor can be computed, and it will retrieve phase of distorted waves more accurately by using
Hilbert transform on cosine factor. In the above method. the complex electric field of distorted wave and the transfer
matrix of the turbid medium are successfully calculated. It is more accurate as the amplitude is measured directly.
For speckle fringe, the calculation results are much more accurate than the Hilbert transform phase demodulation
results.
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Fig. 1 Object wave propagation through turbid medium. Object wave is composed of multiple angular plane waves and

scattered wave is a distorted image due to the turbid medium
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Fig. 2 Part of speckle interference fringe image

s111005-3



e ¥ 2 e

CCD 5 1 BB e I 1 588 5 43 A i AN R S 3 00 A, X2 S SO M AL (5 B =2k . LS. i T
3 5 A 07 40 23 52 M) 21 98 2% SO 45 2R AR ME I — > B — 118 7 9 2% SO 1B S350 G PR AR 62 4 8 L A5 30 A2 e
Yo MRYETTEGE S X Tk B AR A Ak i BUBE S (B 2) 3 b 3R i 28 Ak X T 95 2 20l SR i g i 2 T O I
A AR A KA R AL e s 2 AR AR W R IR 22

T ER PR O O 15 B AU B SIBR IR IR I 22 . A ST T BUR 7k . R W N
AR AR (R » fey) X IO 1) A2 i L P BRI SRAR B Y 4 B PE(R . X 4 IR B 20 BRWHOEY 2% 00 iUk
T RGBT SRR . YOS 0 b 3 A — A B8Ot PR 8 PRI SRS R L5 AT A
MU BLH #DOE 7 & (DB B H O 50 . 2 B (WDE & SOt I T A 9UE R
OEOLERTIT S O6ETH) s FOLIEE (WL C S B O OO % 4 IR KR pHR it TERZNA b 5
X4 MEERARGE R 1.2,3,4, HA AL RAE 3 TR,

B3 FEABULE REMBHELR ., MM EIG; DOSEREG: (o TEFLEL; (OEFER
Fig. 3 Images captured by TLI system. (a) Distorted image; (b) reference beam image; (c¢) interference {ringe image;
(d) background image
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Fig. 4 Partial amplitude data of speckle image calculated by two methods. (a) Amplitude calculated by the new method;

(b) amplitude calculated by the traditional method with direct Hilbert transform
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