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Particle size noise data inversion of dynamic light scattering by improved regularization
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(1. College of Electrical Engineering and Automation, Shandong University of
Science and Technology, Qingdao, Shandong 266590, China;
2. College of Electrical Engineering and Automation, Qilu University of Technology, Jinan, Shandong 250353, China)

Abstract: In the process of the particle size noise data inversion of dynamic light scattering, the modification of Tik-
honov regularization to all singular values leads to the inversion results’ poor resistance to disturbance and the com-
plete truncation of TSVD regularization method for all the small singular values causes the missing of inversion re-
sults of particle size details. To solve these problems. this paper proposed a new regularization method-Tikhonov-
TSVD (TTSVD) based on the principle of two kinds of algorithm combined with the theory of singular value. The
regularization is a method to realize data inversion under noise interference by dividing the sequence of singular val-
ues into three parts according to different intervals by the truncation parameter of TSVD and the regularization pa-
rameter of Tikhonov regularization. Through the inversion experiment of simulated data under different noise inten-
sities, the inversion results are compared with the traditional Tikhonov regularization and TSVD regularization re-

sults. The results show that this method has a higher fitting degree with the original particle size distribution, and
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the inversion results under low noise are more accurate than Tikhonov and TSVD algorithms, and the inversion re-
sults under high noise also have better noise resistance and accuracy. Finally, the measured inversion results of 350
nm particles verifies the validity of the proposed method.
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Fig. 1 Inversion results of unimodal narrow distribution particles under different noise intensities
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Fig. 2 Inversion results of unimodal wide distribution particles under different noise intensities
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Tab. 1 Inversion data of unimodal narrow distribution particles under different noise intensities

Tikhonov TSVD TTSVD
Mg 75 588
PPS/nm  PPSRE/% PSDE PPS/nm  PPSRE/% PSDE PPS/nm  PPSRE/% PSDE
0.000 1 87 2.25 0.003 4 89 0 0.002 3 89 0 0.002 2
0.001 0 83 6.74 0.008 6 83 6.74 0.006 6 84 5.62 0.006 7
0.010 0 79 11.24 0.015 0 84 5.62 0.017 2 84 5.62 0.015 9
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Tab. 2 Inversion data of unimodal wide distribution particles under different noise intensities

Tikhonov TSVD TTSVD
W 7 58 B2
PPS/nm  PPSRE/% PSDE PPS/nm  PPSRE/Y% PSDE PPS/nm  PPSRE/Y% PSDE
0.000 1 282 5.36 0.004 5 290 2.68 0.004 8 292 2.01 0.004 5
0.001 0 274 8.05 0.011 1 281 5.70 0.009 8 284 4.70 0.009 8
0.010 0 259 13.09 0.014 0 260 12.75 0.010 6 275 7.71 0.008 8
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Fig. 3 Inversion results of bimodal narrow distribution particles under different noise intensities
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Fig. 4 Inversion results of bimodal wide distribution particles under different noise intensities
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Tab. 3 Inversion data of bimodal narrow distribution particles under different noise intensities
Tikhonov TSVD TTSVD
e 7 3R
PPS/nm  PPSRE/% PSDE PPS/nm  PPSRE/% PSDE PPS/nm  PPSRE/% PSDE
125 5.38 0.029 5 126 5.38 0.026 4 126 5.38 0.026 4
0.000 1
565 3.24 572 2.39 572 2.39
107 17.69 0.035 6 116 10.77 0.040 9 109 16.15 0.035 4
0.001 0
549 6.31 — 582 0.68
105 19.23 0.042 5 122 6.15 0.041 1 114 12.31 0.039 9
0.010 0
— — — 710 21.16
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Tab. 4 Inversion data of bimodal wide distribution particles under different noise intensities
Tikhonov TSVD TTSVD
g 75 iR A
PPS/nm  PPSRE/% PSDE PPS/nm  PPSRE/% PSDE PPS/nm  PPSRE/% PSDE
128 7.25 0.015 9 141 2.17 0.010 5 140 1.45 0.010 4
0.000 1
562 5.39 571 3.87 571 3.87
143 3.62 0.014 4 122 11.59 0.022 4 142 2.90 0.014 3
0.001 0
567 4.55 - 565 4.88
113 18.12 0.023 5 114 17.39 0.025 2 116 15.94 0.024 8

0.010 0
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Fig. 5 Inversion results of 350 nm particles under different sampling numbers
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Tab. 5 Inversion data of 350 nm particles under different sampling numbers
B Tikhonov TSVD TTSVD
PPS/nm PPSRE/ % PPS/nm PPSRE/ % PPS/nm PPSRE/ %
2108 348.58 0.41 349.26 0.21 349.26 0.21
2X10° 328.79 6.06 351.64 0.47 349.26 0.21
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