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Novel algorithm for analysis of cellular fluorescence spectrum

based on optimization iteration

DU Yue, MENG Xiaochen, ZHU Lianqing
(Beijing Key Laboratory for Optoelectronic Measurement Technology, Beijing Information Science and

Technology University. Beijing 100192, China)

Abstract: When using the spectral measurement method for multi-color fluorescence analysis of
cells, the emission spectrum can produce partial spectral overlap, which poses certain difficulties
for qualitative and quantitative analysis. Aiming at the problem, a novel algorithm was
developed to effectively decompose the overlapped spectral peaks based on optimization
iteration. First, the separation model of overlapped peak was built up to obtain the peak vertex
of overlapping peaks. And then, according to the size of each constructed peak area, the
structure of the constructed peak was re-determined, and finally the vertex and area information
of the simulated peak was obtained. Moreover, the algorithm was used to analyze the overlapping
peaks formed by the superposition of Gaussian functions, and compared with the conventional
methods. The results show that the analytical error of the optimized iterative algorithm is stable
within 0. 15% ,while it can be stabilized within 0. 85% after adding random noise, which are all
better that the other two algorithms. In addition, the iterative efficiency under the algorithm
was calculated,and the results show that the algorithm is 32. 2% higher than the conventional
method.
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Fig. 1 Overlapping peaks model of two peaks superimposed
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Fig. 2 Overlapping peaks model of three peaks superimposed

[vi) B, = 0 A5 IS Sl 7 0 AR AL T £ T [
2 PR s TR i i A2 (2) 3K

2,2
A=q e @'
B=a,e 00" /2

i (2)

2,2
—(x—0by)" /2¢;
3 3

C=ase

F=A+B+C



NG 2019,4003)  #R LA  HE T UL Ak 2 AU R O 4H i B0 6 1S A « 463 -

(2)3 LRI Oy = I T B If o G 0 ) e i Y. e
A B.C M REZE F =ik,
L2 MUEKRENEEZSR

oA (5 48 3 R AR AR Y 0 I8 DU T B I
(1 T A U W 20 R . AR Y G T A WA ) 0 ) A
RLPE L H B U B R T RS U R S R AR/,
HAHR 4> K 53 v A7 AR BR TS W LA A A e
g3 o WCRT M TR o e e 3 A e 24T B OE
3 o 3% PR IR PP P E K R i
W TOT A A S A B0 1 S B, LR R AR -

D FRESE F AP T IR b 2R
LM s 0 1) T, . B A D P R IY BI A SR 1 IR
PR U g0 BRI« AR 4R TSR M AN 1] 48 IE &R %L
K1, % 5 2 0 )5 i 6 2 8 K1 AT 8 0E . 75 3
gu T IR S8 5 1 IR i 1 g0 &
e f o B 2 2 A o 0 g Y T B R AS 2SR 1
WA fo0 [FVBEL AT 2R 1 A G 0 g1,
FATBLADLE £ TNIET 3 FTR .

2.5

PR/ 10%a.u.
=)
153

0

_0'5 1 L 1 1
500 540 580 620 660 700
G /mm

B3 %1 REEEELE
Fig. 3 Primary tectonic and simulated peaks
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Table 1  Analysis results at resolution of 0. 612 8
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Table 2 Analysis results at peak height ratio of 2 : 3
e DM £ NHE-SAWES 43 AR Pl i AR s
ﬁ icg
A s/a.u. B s/a.u. iR /% HH s/a.u. IRE /% B s/a . IRE /%
0.466 3 1772.45 1 832.20 3.37 1763.71 —0.49 1774.19 0.10
0.559 6 1772.45 1 819.76 2.67 1 766. 39 —0. 34 1771.31 —0.06
0.632 8 1772.45 1 804. 41 1. 80 1776.55 0.23 1772.94 0.03
0.777 2 1772.45 1776.73 0. 24 1771.59 —0.05 1772.90 0.03
0.808 3 1772.45 1774.94 0.14 1771.29 —0.07 1772.01  —0.02
7 . 3.5
PGSR | ENHPeS et
or B P orE Rk 3r W PA kR
5L Otk ik 5.5 O fhfbik ik
s s
War o2
2K iy
B3 L
# k3
2F 1
1F 0.5

151 1:2 1:3 2:1 3:1
31024

5 HEEHO.621 SHBITER
Fig. 5

HR a0 T2 ARRE o B & S I A % AR
MR, ZEINLRERENSBR = BESHE,
AR 3 B A FH 1) B 5 06 B 2 A B O = A v T e Y
Fm. He g AB.CMELL R 4:5: 6;1%
A& B 4B EE R 0. 621 8,16 BLIg C 4y BN

Analysis results at resolution of 0. 612 8

0.4663 0.5596 0.6328 0.7772 0.808 3
U L

B 6 IESFEEA2: 3 HEBIER
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Table 3 Analysis results at three peaks overlap
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Table 5 Analysis results of cell fluorescence spectrum
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