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Abstract: Tikhonov and truncated singular value decomposition regularization (TSVD) are two
important methods in the dynamic light-scattering (DLS) data inversion. Different regularization
methods will have different effects on the results of noisy measurement data. By using the Tikhonov
of second-order differential matrix and TSVD method, the unimodal and bimodal distribution particles
with different widths were retrieved under six kinds of noise levels. The results show that Tikhonov
had better smoothness, the peak value error of TSVD is smaller for unimodal distribution particles,
anti-interference ability is stronger, and the inversion relative error is smaller for a narrow distribution
and the strong noise wide distribution particle system. For bimodal distribution particles, Tikhonov

has smaller inversion error and higher bimodal peak resolution and anti-interference ability. For the
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inversion of narrow distributed particles, the peak value error of TSVD is generally smaller. Under
the same noise condition, the bimodal peak resolution of Tikhonov and TSVD is related to the peak
value ratio of the particle size. Tikhonov has a high bimodal peak resolution, and it can distinguish
particles with lower peak value ratio. The measured data are retrieved for unimodal distribution
particles of size 200 nm. The inversion peak errors of Tikhonov and TSVD are 3% and 1. 85%,
respectively. The results verify the conclusion of the simulated data.

Key words: light scattering; Tikhonov regularization; truncated singular value decomposition

regularization; particle size inversion.
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Fig. 1 Inverse PSDs of unimodal distribution particles with particle size 100400 nm at different noise levels
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Tab. 1 Inverse data of unimodal distribution particles with particle size 100—400 nm
TSVD Tikhonov
Noise levels
PV/nm PVE/% RE PV/nm PVE/% RE
0.000 1 135. 66 3.82 0.2259 140. 65 7.63 0.269 4
0. 000 5 135. 66 3.82 0.226 1 140. 65 7.63 0.273 9
0.001 135. 66 3.82 0.226 5 140. 65 7.63 0.277 0
0. 005 135. 66 3.82 0.226 7 140. 65 7.63 0.297 6
0.01 130. 67 0 0.270 6 140. 65 7.63 0.393 1
0.02 135. 66 3.82 0.282 1 140. 65 7.63 0.315 2
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Fig. 2 Inverse PSDs of unimodal distribution particles with particle size 100700 nm at different noise levels
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Tab. 2 Inverse data of unimodal distribution particles with particle size 100—700 nm

TSVD Tikhonov

Noise levels
PV/nm PVE/% PV/nm PVE/% RE
0. 0001 394,18 0 0.064 6 402, 92 2.21 0. 046 6
0. 0005 394,18 0 0.069 8 402, 92 2.21 0. 045 0
0. 001 385. 45 2.21 0.076 8 411. 66 4.43 0.083 0
0. 005 402, 92 2.21 0.134 3 385. 45 2.21 0.174 0
0.01 394.18 0 0.292 3 411. 66 4.43 0.462 7
0.02 394,18 0 0.408 2 402, 92 2.21 0.545 2
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Fig. 3 Inverse PSDs of unimodal distribution particles with particle size 1-—800 nm at different noise levels
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Tab. 3 Inverse data ofbimodal distribution particles with particle size 1-—800 nm
TSVD Tikhonov
Noise levels
PV/nm PVE/% RE PV/nm PVE/% RE
0.000 1 124.63/715. 35 0/3.69 0.538 7 138.37/729.08 11.02/1.85 0.3757
0. 000 5 124.63/701. 61 0/5.55 0.549 6 138.37/729.08 11.02/1.85 0.408 3
0. 001 110.90/701.61 11.02/5.55 0.611 8 138.37/729.08 11.02/1.85 0.411 3
0. 005 124.63/687. 87 0/7.39 0.637 5 138.37/729.08 11.02/1.85 0.458 7
0.01 124, 63/715. 35 0/3.69 0.698 5 138.37/729.08 11.02/1.85 0.445 1
0.02 165.85/742. 82 33.07/0 0.867 6 165.85/742. 82 33.07/0 0.622 5
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Fig. 4 Inverse PSDs of unimodal distribution particles with particle size 1-—850 nm at different noise levels
F 4 1~850 nm X5 i FAL A9 R EHL
Tab. 4 Inverse data ofbimodal distribution particles with partlcle size 1—850 nm
TSVD Tikhonov
Noise levels
PV/nm PVE/% RE PV/nm PVE/% RE
0.000 1 171.95/623.77 12.43/5.55 0.337 3 196.38/648. 19 0/1. 84 0.169 2
0.000 5 171.95/635.98 12.43/3.69 0.422 0 208.59/648. 19 6.22/1. 84 0.169 9
0.001 171.95/635.98 12.43/3.69 0.423 8 196. 38/635. 98 0/3.69 0.1837
0. 005 171.95/635.98 12.43/3.69 0.456 7 220. 80/660. 40 12.43/0 0. 286 4
0.01 184.17/672.61 6.22/1. 84 0.654 0 208.59/684. 82 6.22/3.69 0. 300 2
0.02 159. 74/513.87 18.65/22.18 0.714 9 184.17/562.71  6.22/14.79 0.6159
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Tab. 6 Inverse data of bimodal distribution particles with particle size 1-—850 nm at different PVSR
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Inverse PSDs of 200 nm particles at different sampling points
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Tab. 6 Inverse data of 200 nm particles at different sampling points
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