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Abstract Compared with the traditional beam-splitting elements, the noncollinear acousto-optic tunable filter
(AOTF) has many special merits, such as small size, high stability, flexible and easy to tune, convenient for signal
reception and processing. It has high application value in spectral imaging field. In this study, the noncollinear
AQOTF is connected with the converted microscope, and a hyperspectral microscopy imaging system is built. With
the system, the rapid microscopic spectral imaging for lung cancer tissue is studied in the visible range. In the
experiments, the relationship between the acoustic frequency and the diffracted optical wavelength loaded on AOTF
is got, and the theoretical results coincide well with the experimental data. A series of microscopy images and
corresponding narrow band spectra of lung cancer tissue are received at central wavelength. The results indicate that
the system keeps a well spectral resolution performance in the working waveband. By comparing the lung cancer
tissue images under different wavelengths, it is found that obvious image drift is not observed, which indicates that
the image has high stability. Lung cancer tissue images of each central wavelength all present good clarity. The
comparison of lung cancer tissue image and the analysis results of luminance curve and transmissivity curve show
that the best contrast and clarity performance of the images are in the range of 503.45-590.12 nm. It is mainly
because the different intrinsic constituents and structures in different areas induce different absorptivities of the

signals with different optical wavelengths in lung cancer tissues.
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Table 1 Main design parameters of AOTF
Design parameter
Item
and performance
Acoustic polar angle 4, 80.0°
Incident polar angle 6, 23.80°
Range of the optical wavelength 400-700 nm
Range of acoustic frequency f, 107.5-233.5 MHz
Driving power 1.0-1.5 W
Designed diffraction efficiency >75% at 632.8 nm
Incident aperture angle 2.85°
Length of acousto-optic interaction L 4.0 mm
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Fig. 2 Experimental setup of the AOTF-based microscopic spectral imaging system
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Fig. 3 Diffraction spectra of AOTF at the different acoustic frequencies.
(a) 127 MHz; (b) 134 MHz; (c¢) 148 MHz; (d) 155 MHz; (e) 162 MHz; (f) 169 MHz

18l ® « experimental date
1.6 — theoretical calculation

L4t >
Lot .

Lot y

0.8f ="

0.6}
0.4}

Spectral bandwidth /nm

480 500 520 540 560 530 600 620 640
Optical wavelength A, /nm

650 (b) « experimental date
E N —— theoretical calculation|
S "
f 600+ .
go Sm
g 550 s
< L
2 -
g |
g 500 .
5
450 1 1 1 1 1 1
120 130 140 150 160 170

Acoustic frequency f, /MHz

Bl 4 AOTF BHOLIE MG RGN ERRINZ.
() AT e e bE D IR AL L R s (b) B3R AOTF WIS ZRJH I R

Fig. 4 Performance of AOTF-based microscopic spectral imaging system. (a) Relationship between spectral

bandwidth of diffracted beam and central optical wavelength; (b) frequency tuning relation of noncollinear AOTF
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Table 2 Parameters of diffraction light spectra under different ultrasonic frequencies

Acoustic frequency /MHz 127 134 148 155 162 169
Central optical wavelength /nm 601.28 576.21 534.08 516.10 499.92 485.19
Spectral bandwidth /nm 1.49 1.22 0.98 0.93 0.83 0.79
Spectral resolution R 403.54 472.30 544.98 554.94 602.31 614.16
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Fig. 5 Hyperspectral images of lung cancer tissue with different center wavelengths of diffraction beams. (a) Without filtering;

(b) 629.20 nm; (c) 576.21 nm; (d) 567.91 nm; (e) 542.12 nm; (f) 529.45 nm; (g) 503.84 nm; (h) 482.85 nm
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