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Spectroscopy and Spectral Analysis
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Fig. 1 The theory of multi-channel Raman

spectroscopy imaging
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Fig. 2 The process of Raman spectrum

reconstruction based on PCA



% 8 3

e 2% 5 501 4 b 2497

2 SRS

A LA ML 58 (polymethyl methacrylate, PMMA) {E
o SBRRE . AR B BB O (532 nm BWOREED . 5L
AR B 2 U, BRA O ZRREAR S R={r1 s roy -ou 1
s Hoh R AU R B 2O A PO
s WUIGRFEARRAL MOE S, X HAEYO LR, ASCRIT B
AR BRI 5. AR ME 3 iR,

B3 PMMA RIRFERAEESH S HIE
Fig. 3 Original spectra and eliminating

background fluorescence of PMMA

iy & 3 AT, PMMA FRAE 3% 04 3 1 4R 78 540~600 nm
TR, R 0 T A U O A AR AN R G R T L gk B K U O A
(REMEAHA, LB 552 560, 570, 580 F1 590 nm, 40
4 FERD 1 6 3 R R eR AR DA A 28 A I R (E . AR X
(D, SRGHEAEEWRAEE U={ws uzs o0y wy o
Z A1 U,

s w )

4 PRI A i i R i 2

The spectral response functions of four filters

Fig. 4

WAL G R ZE e Ut —t £ U, B2
A (7) Yol B PMMA [ 52 8 B8 O6 3% - 20— fb it
PS5 LPRots o b, FIEE, A H AR SCE A R
% AR L, Wiener fhiT 5k 58 GG H A, HE
RN 5 TR .

ME ST, HFHERRAERS, XS TIHE,
ARSCH LA . Wiener B3k A B BG5S BROGIE
ri ZIE YA BT . X B, SR RMSE ¥ £ 2 A6 (1
AR E

RMSE = ((r;, — r) " (r; — 1) /N2 )

FETYNGAEA AL PCASRAF T AL r SHEAR 1
-2 RMSE Sy 0. 04, A SC 5019 14 5 40 008 L JFG At 0 7 12
WA AR . BAREE RMSE MR 1 im. &9 rs s or AR
F B B IR U GREEA

E5 =Zf7AEX PMMA R SXIENHEERNRITEE
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PMMA based on three algorithms in theory
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Table 1 RMSE comparison between reconstructed spectra

and training samples by three methods

Methods r ry r3 Average
Wiener 0.107 5 0.049 8 0.067 7 0.0750
Pseudo-inverse 0.112 4 0.055 8 0.072 6 0.080 3
PCA 0.066 5 0.048 9 0.004 5 0.040 0
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Fig. 6 The multi-channel narrow-band image of PMMA

(a): Narrow-band image taken by the filter 560/10 nm; (b): Nar-
row-band image taken by the filter 570/10 nm; (¢): Narrow-band im-
age taken by the filter 580/10 nm; (d): Narrow-band image taken by
the filter 590/10 nm
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Fig. 7 Comparison among spectra reconstruction of PMMA

based on three algorithms in experiment
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Table 2 RMSE between reconstructed spectra and

training samples in experiment

PCA
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Fig. 8 The reconstruction images of PMMA based on

multi-channel narrow-band measurements
(a); The area of Raman image to be reconstructed; (b): The recon-
struction of Raman image based on pseudo-revers; (c): The recon-
struction of Raman image based on Wiener estimation; (d): The re-

construction of Raman image based on PCA
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Fast Reconstruction for Multi-Channel Raman Imaging Based on and
Sample Optimization and PCA
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Abstract Raman imaging is a noninvasive, label-free spectral imaging technique that has been widely used in the biomedical
field. However, the spontaneous Raman signals of most biological samples are weak. It takes a long time to obtain an image with
a high signal-to-noise ratio, which seriously affects the spatial and temporal resolution of Raman imaging and hinders its applica-
tion in fast dynamic systems. The multi-channel Raman imaging is one of the effective ways to solve this problem. The recon-
struction of the full Raman spectrum is the key in this system, and the corresponding algorithm of reconstruction is needed to be
developed. At present, the algorithms capable for spectral reconstruction are pseudo-inverse and Wiener estimation. Although
these methods are simple and easy to be carried out, they are susceptible to nonlinear factors such as noise and vibration when
applied to the system of multi-channel. On the other hand, the numbers of the training sample are relatively small, and the bad
sample affects the reconstruction in the system of multi-channel. In order to solve those problems, we propose an algorithm
based on sample optimization and principal component analysis (PCA). Firstly, the simulated narrow-band measurements of the
training samples are calculated by using the spectral response function of the filter, and the full Raman spectra are reconstructed
by Wiener estimation, and then the simulated narrow-band measurements of the reconstructed spectra are achieved. The sample
gets Optimized by comparing the simulated narrow-band measurements of the sample and the reconstructed spectra. Second, the
interference of nonlinear factors is reduced by introducing the polynomial regression and expanding the optimized narrow-band
measurements. At last, the main information of training samples is extracted, and the calculation is reduced by using PCA. and
the transform matrix is completed. At the same time, the normalization is introduced to realize the reconstruction of Raman spec-
tra. In the experiment, the polymethyl methacrylate is selected as the experimental sample, and the Raman spectrum is recon-
structed by pseudo-inverse, Wiener estimation and our algorithm. The root means square error is used to evaluate the accuracy of
the reconstructed spectra. The result proves that our algorithm is significant. It provides theoretical support for the further ap-

plication of Raman imaging technology in fast dynamic systems.
Keywords Multi-channel image; Sample optimization; PCA; Spectral reconstruction
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