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Experimental Research on Depth-resolved Spectrally Encoded Imaging

LIAO Jiu-ling, GAO Wan-rong
(School of Electronic and Optical Engineering » Nanjing University of Science and Technology ., Nanjing, 210094 ,China)

Abstract: Spectrally encoded imaging uses a diffraction grating and a spectrum analyzer setup to obtain
microscopic images. The different position on the sample is illuminated by different wavelength. Then the
reflection light is decoded to obtain spatial information. In this letter, a spectrally encoded microscopy is
described which is based on a super luminescent diode source and a home-built spectrometer. By imaging
a 1951 USAF resolution target, the measured lateral resolutions were found to be 1. 7240. 13 um and
1.264-0. 08 pm in the spectral and its vertical directions, respectively. The axial resolutions along the
different lateral positions were measured to be unequal. The images of excised swine liver tissue were
obtained at different locations. The veins, liver sinusoidal endothelial cells and hepatocytes can be
visualized. The Chicken heart tissue was imaged at 10 ym per step along the depth direction beneath the
surface, the images indicated the difference in the structure features at different depths. The results
demonstrate high resolution, depth-resolved imaging capability by this method.
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Fig. 1 Schematic of spectrally encoded imaging
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(a) Image of a USAF1951 resolution target
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Fig.2 Measurement results of lateral resolution
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Fig. 3 Measurement results of axial resolution and spectrum distribution (the scale bar represents 50 pm)
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Fig.4 Images of swine liver tissue at different positions (the scale bar denotes 50 pm)
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Fig.5 Images of a swine small intestine tissue obtained at different imaging depths (the scale bar represents 100 pm)

0411004-5



T % iR

S A0 D 12728 200 S T U A1 5 o 400 i v K D e 2 ) 4 D 0 TS YR I AR Al T e AR TR )
A . B 4 () s B JE ST 4R . 52 2 AR

T R A A VR LR B RE T s — BRSO G BV T R AR TR LT 0] B R Bl 10 pm EAT R
A MR R FENL I 2 100 gy [ETHR T Sk BT 7S Sy A8 24 0 SR AR I 5 32 2075 2 10 495 1) 2 5 40 2 21 Bl IR
JEE T S A8 T i 1 B A A [ R R AL o i R G A 2 2 45 R AN AR [R] L IE W B AT TR R AT B RE T

3 g

PR T — A BA w3 PR T A W A TR B AR R A T OB % R R T — T TE G I R Ak
BRIV AT BRAT A LR A W 2H SRR B 5k AR SRR JEAS TR A2 Ak 30 0 AN TR R JBE Ak R AT 1 A S SE T T 400 MY
) 14 1R RE 1 A ARAT AN R R A5 A mT AT k. (LS8 v 10 A W R A0 S ) 2 SR L LR = A 2 SR
P 3T Rl DR AT AR SURE i O 5 200 BRAE AR HE 47 X HE.

S % 3Lk
[1] TEARNEY G J, WEBB R H, BOUMA B E. Spectrally encoded confocal microscopy[J]. Optics Letters, 1998, 23(15) .
1152-1154.

[2] YELIN D, BOUMA B E, IFTIMIA N, et al. Three-dimensional spectrally encoded imaging[ J]. Optics Letters, 2003,
28(23): 2321-2323.
[3] BOUDOUX C, YUN S, OH W, et al. Rapid wavelength-swept spectrally encoded confocal microscopy[ J]. Optics
Express, 2005, 13(20) . 8214-8221.
[4] YELIN D, RIZVI 1, WHITE W M, et al. Three-dimensional miniature endoscopy[ J]. Nature, 2006, 443(7113);: 765-765.
[5] LIAO Jiu-ling, GAO Wan-rong, FANG Qiao-ran. Spectrally encoded endoscopic imaging[ J]. Acta Optica Sinica , 2014,
34(6): 611004.
BEIVE T TR, IR gt N i RUR BR )], JeaE i, 2014, 34(6): 611004,
[6] YELIN D, BOUDOUX C, BOUMA B E, et al. Large area confocal microscopy[ J]. Optics Letters, 2007, 32(9): 1102-1104.
[7] WILSON T, CARLINI A R. Size of the detector in confocal imaging systems[]J]. Optics Letters, 1987, 12(4); 227-229.
[8] KANG D K, SUTER M J, BOUDOUX C, et al. Comprehensive imaging of gastroesophageal biopsy samples by
spectrally encoded confocal microscopy[J]. Gastrointestinal Endoscopy, 2010, 71(1); 35-43.
[9] KANG DK, YOO H, JILLELLA P, et al. Comprehensive volumetric confocal microscopy with adaptive focusing[ J].
Biomedical Optics Express, 2011, 2(6) . 1412-1422.
[10] KANG D K, CARRUTH R W, KIM M, et al. Endoscopic probe optics for spectrally encoded confocal microscopy[J].
Biomedical Optics Express, 2013, 4(10): 1925-1936.
[11] GOLAN L, YELIN D. Flow cytometry using spectrally encoded confocal microscopy[J]. Optics Letters, 2010, 35
(13): 2218-2220.
[12] ZEIDAN A, YELIN D. Reflectance confocal microscopy of red blood cells: simulation and experiment[]J]. Biomedical
Optics Express, 2015, 6(11) . 4335-4343.
[13] ELHANAN T, YELIN D. Measuring blood velocity using correlative spectrally encoded flow cytometry[ J]. Optics
Letters, 2014, 39(15) . 4424-4426.
[14] KIM S, HWANG J, HEO J, et al. Spectrally encoded slit confocal microscopy using a wavelength-swept laser[]J].
Journal of Biomedical Optics, 2015, 20(3): 036016-036016.
[15] HWANG]J, KIM S, HEO J, et al. Frequency-and spectrally-encoded confocal microscopy[J]. Optics Express, 2015,
23(5): 5809-5821.
[16] CORLE T R, CHOU C H, KINO G S. Depth response of confocal optical microscopes[ J]. Optics Letters, 1986, 11
(12) . 770-772.
[17] PAWLEY ]J. Handbook of biological confocal microscopy[ M]. New York: Springer, 2006 209,
[18] LI Hong-fu, JIE Hui-ming, ZHANG Chen, et al. Studying the combined effects of primary aberrations on gaussian
beam in high NA focusing system[]]. Acta Photonica Sinica, 2015, 44(9)66-72.
ZRLLHE, W], KRR SREARRE S EUABG2EXN @HOCRMEZmIT]. 675, 2015, 44(9):66-72.

Foundation item: The National Natural Science Foundation of China (Nos. 61275198, 60978069), National Defense Basic Scientific

Research program of China.

0411004~ 6



