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HFolgb= 9 Al7]9] W F(light intensity
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=Z7 £% =A(Laser Doppler flowmetry), do]#4 =Z7 <A (Laser Doppler
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2.2 do]#x 23 Z(Laser speckle)

#EE = Qo A g o] dN4S EY R (granularity)ol g s Th[13] <@
5 |

O 1ol A 29 E Y

(%4, ‘http://en.wikipedia.org/wiki/Speckle_pattern’)
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Al wEk A7 A E(time-integrated-29 A7 &4, Az wE®

(time—differentiated-2 o] 3} FEA)WHo] 9y, o]F 71 Wo] Al&H & W
e 12 A7k A E(first order time-integrated) Wy oltl. o WH e A¥F B

U2 9 tE%(contrast) = UET. 2#HF FHE WA 7] Y5 o] AHF
A 21E AN EA. dY Fu5 HolA LI W Eolo WUt Jhes E
¥ (gaussian distribution)& zZt= @A FAF FdWolth. oA 2 FE FH AV

W3le] TFAX (standard deviation of intensity variation)® ¥ 3 A17] (mean

intensity)”} Zthe= RHAE oujgict, dubd oz ~HE FHe Ho AR o
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3 AAdAY.  2HE FH 9GNS E A8 gl AAgEnd, A xRN
(aperture stop)’} 2=#HE A7|E ZAASA Hob. ek FAHZINE F G4
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oA 2#HAF 71HE A (displacement), % E ¥ (distortion), ® 3 (strain)9
=" 9 xw AA7] H7}(surface roughness assessment) 131 £% =3
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A BAE 202 BHA Ao EAS ek 14 BANAE AdF By

g, 13 BAE 29 A7 E 29F gx22 dE 71 e 3

22 BAE 2dF FHAA Aol How U A7|e wWsyh deiy w2
FoA=7E 7lEst. agn=z 22k BAdAE FHAA ¥ Fe AVy
|2 xo dig AxE ATt ~H0F FH9 23 FAE Uebir] 96
3] AHgH = e A7 A7 34 (autocorrelation function of intensity)

9} olAel Fg o W& (Fourier transform)?l 3¢ 23 E & (power spectrum)?]
o

28 F WFY 12 SAle AW A5 MEx(FFdAHE ded 5 o

o] A

rlo

FAolAY AA s d= AbFEAe] AUlA Fo Ui ARE A FS =
AFEEE[19] 28y o] VW W2 UE 84
Hos AU A g% #8351

Ferchers 2ol BAS £ 242 98 Agow Az M 2539 1

rl

2} Z 7 (first-order statistics of time-differentiated speckle)A}§ ¢ AL <125}
ATh[20]  Fol o]e} wS=d FHEo] Fujiiol 98] o] Fojxch  Fujiiv WEdhe
29 ZF9 4T A7AR T FAS AT gerew AEKA < FAM(scanning)
E B3 A =93 A7 AolE FAsHATEI21] Fujii et aloll Al 1A 9] 54
ddo] dFE ART HHoz A3 CCD WAL AlEste] 2¥F A FA

Z4sgr. e 2t 99 4w 45L 98 FA4 AL Assad. F



(autocorrelation function)] 74 §lo] A& A Ao MH A2 F A7]e X0
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aRAHoez A7l WEe 23 FA(Second-order statistics of the intensity
fluctuations)F A& At wEd 2#3F9 12 FA(First-order statistics of
time-differentiated speckle)® thAl & 4= dvhe AL 3,

¥ 23 F 2 Ruthel ol 379 dF& FAc7] 9l A8 5
At Ruthe HX7F Weo] Ho Fag9 vl#dsta, oz A= At v d
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function speckle(numImage,name);

T = 0.04;

matrix = zeros(494,648 numImage);

for 1 = l'numImage;
filename = [num2str(i),”.jpg’l;
data = imread(filename);
matrix(:,;,1) = data;

end;

m = example_sc(matrix,numImage);

ml =m > 1;

m2 = not(ml);
m = m.*m2 + ml;

m4 = m - 1,

velocity =((-4#(m4) + (10/3)*(m4).”2 - (32/9)x(m4).”3 + (556/135)*(m4)."4 -

(2323113074/189448875)*(m4).~10)/(2%T));

figure, imagesc(velocity);

colorbar;

(1996/405)*(m4).”5  +  (5638/945)*(m4)."6 - (307424/42525)*(m4).”7
(222328/25515)*(m4).”8 -

(11944892/1148175)*(m4)."9

+

+
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function SCm=example_sc(I,numImage);

Nfiles=10;
SC=zeros(size(I));
for im=1:Nfiles,

SC(,:,im)=colfilt(I(:,:im),[5 5],’sliding’,@speckle_contrast);

end

SCm=mean(SC,3);

&g

Y

m

function sc=speckle_contrast(v)

sc=std(v)./mean(v);
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ABSTRACT

Study about Contrast Enhancement of Laser Speckle

Imaging using Optical Clearing Agent

Son, Taeyoon
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Laser speckle imaging modality is one of widely used methods to
evaluate blood flow because of full-field, real time, non-contact, non-invasive
and its simplicity. However, laser speckle imaging has a limitation in the
evaluation of subcutaneous blood flow due to its low perfusion image contrast.
In many studies, various methods have been tried to enhance the image
contrast. Such methods presented positive results in some degree. However,
it could not be fundamental solutions due to low penetration depth of lasers
restricted by optical tissue scattering property. This study suggests a method
to enhance the perfusion image contrast of laser speckle imaging modality by
increasing the penetration depth of lasers. An optical clearing agent was
topically applied on skin treated with micro—needle roller in order to reduce the
time period of optical tissue clearing and therefore, enhance the penetration
depth of laser. In this study, we investigated the effect of glycerol and
micro—needling methods in the contrast enhancement of laser speckle perfusion

image and presented the results of m-wvitro and iz-vivo animal experiment.

Key Words : Laser speckle imaging, contrast enhancement, perfusion image,

optical clearing, micro—needle
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