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Hyperspectral Microimaging System Based on Double-Filtering
Technology of Acousto-Optic Tunable Filter and Its Image Analysis
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Abstract Spectral resolution is the key of acousto-optic tunable filter (AOTF). Based on the working principle of
acousto-optic filter, a hyperspectral imaging system based on double-filter structure is designed by connecting two
filters in series. By comparing the theoretical calculation and experimental measurement results of single filter and
double filter, it can be found that the spectral width of double filter structure is smaller than that of single filter
when the center wavelength is equal, which shows that the double filter technology can improve the spectral width.
In addition, the microscopic imaging system based on double-filter technology is designed by using dual-filter
structure combined with inverted light microscope. Based on a large number of microscopic images of gastric cancer
tissue hyperspectral images, three spectral images with a small correlation coefficient are selected and processed
using RGB false color image fusion technology. The simulation results show that the hyperspectral image fusion
technology can effectively improve the image quality.
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Fig. 1 (a) Theoretical diagram of doubler filtering; (b) theoretical diagram of relation between diffraction efficiency and

spectral width of double filtering
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Fig. 2 Principle scheme of experimental system
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Table 1 Designed parameters and performance index of

AOTF1 and AOTF2

Item AOTF1 AOTF2
Working
400-1000 400-1000
waveband /nm
Tunable range
of acoustic 75.3-223.5 107.5-193
frequency /MHz
Incident polar
) 23.8 21.17
angle /(°)
Diffraction polar
' 21.17 23.8
angle /(°)
Optical wedge
P g 6.15 6.50

angle /(%)

Spectral resolution /nm 218.5@632.8 174.9@632.8
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Fig. 3 Measuring curves for the diffraction efficiency of

single filtering and double filtering
rh O A D 2 6 1 39 T /)N O3 BE R Y AR AR AT
BHIBHETE . AT RO 9 2 M AOTF
PEBE Y OGS R 32 . OOUUR U 7 Bl 3 O3 9 B2 1Y W]
H LI AT 5 250 g AR A, ] S B 3 2 T 1 O
fir WARAK AN EE, SR FEOCEN S R IE
BLF P& T AE R R U P 5] A B 2R R IE (S
5 R ETR T . BE S A RO B S OGS S R

0.9+ . measuring result
0.8- —— theoretical calculation

=
— DO

Maximum diffraction efficiency
SO oo
W = T O

0 1 L 1 1
556.4 556.5 556.6 556.7 556.8 556.9
Wavelength /nm

4 ZURIE P AT S A e A B B T I 4 2R
Fig. 4 Theoretical calculation and measuring result of the

maximum diffraction efficiency of double filtering

1.0 |
0.9+ |
E 0.8+
= 0.7p
S 0.6F
£ 0.5
T 04
‘g 0.3k - measuring result
So0al theoretical calculation

0.1r

0 1 1 1 L
556.4 556.5 556.6 556.7 556.8 556.9
Wavelength /nm

5 TWRIEPOGHE T M B S I g5 2R

Fig. 5 Theoretical calculation and measuring result of

the spectral width of double filtering
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Table 2 Experimental data of single filtering and double

filtering at the same center wavelength

fa /! fe/ AQi= A\ /Ay / Ri= Rp=
MHz MHz ;) /nm nm nm A /AXy A /Ay,
120 121.4  628.23 1.58 1.01 397.62 622.04
125 126.4 607.94 1.40 0.94 434.25 646.74
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Fig. 7 (a) Gastric cancer micrograph; (b) fusion graph of hyperspectral RGB image; (c¢) gray value curves

of the blue vertical line region; (d) gray value curves of the purple vertical line region
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