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Influence of Regularization Matrix on Inversion of Bimodal Dynamic
Light Scattering Data
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Abstract The inversion of bimodal dynamic light scattering data is very difficult. Tikhonov regularization method
is the often used inversion algorithm, however, the influence of different regularization matrices on the inversion
is not clear yet. Two bimodal particle size distributions with 6 levels of noise are inverted by using identity matrix
L,, first order difference matrix L. and second order differential matrix L;. Simulation data shows that the bimodal
resolution decrease with the increase of noise level. The anti—interference ability of the algorithm is stronger when
the components of bimodal distribution are closer. Under the same noise level, the bimodal resolution of matrix
L; is of the best, while the error of inversion is minimum; correspondingly the bimodal resolution of matrix L, is
of the worst, while the error of inversion is maximum. The matrix L; can distinguish the smallest peak value size
ratio, while matrix L, can only distinguish the biggest peak value size ratio. Under the same noise level, peak value
size ratio is bigger and the bimodal resolution is stronger. Therefore, matrix L; should be used in order to get the
correct inversion result by inverting the noisy scattering data. Finally, the inversion of experimental particles
confirms this conclusion.
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Fig.1 Inverse results of bimodal distribution particles with particle size in range of 50~800 nm and intensity ratio of 1:1 at different
regularization matrixes. Noise level (a) 0; (b) 0.001; (¢) 0.005; (d) 0.01; () 0.02; () 0.03
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Table 1 Inverse data of bimodal distribution particles with particle size in range of 50~800 nm and intensity ratio of 1:1

Ll LZ L3
Noise
Peak Peak
level PVE /% DRE PVAR PVE /% DRE PVAR PVE /% DRE PVAR
value /nm value /nm value /nm
164 6.28 1.03 175 1.22 164 6.28 1.05
0 0.3656 0.4285 0.4716
637 3.34 0.5 626 5.01 0.48 637 3.34 0.38
164 6.28 0.52 175 0 0.78 186 6.28 0.97
0.001 0.6583 0.4589 0.3312
648 1.67 0.2 659 0 0.39 648 1.67 0.55
175 0 0.73 186 6.28 0.99
0.005 153 — 0.7222 — 0.4124 0.3351
626 5.01 0.51 626 5.01 0.66
186 6.28 0.48 186 6.28 0.64
0.01 175 — 0.7887 — 0.6105 0.5141
681 3.34 0.32 681 3.34 0.37
186 6.28 0.49 186 6.28 0.70
0.02 208 — 0.7887 — 0.6278 0.5184
637 3.33 0.29 582 11.68 0.43
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Fig.2 Inverse results of bimodal distribution particles with particle size in range of 50~800 nm and intensity ratio of 8:2 at different

regularization matrixes. Noise level (a) O; (b) 0.001; (¢) 0.005; (d) 0.01; (e) 0.02; (f) 0.03
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Table 2 Inverse data of bimodal distribution particles with particle size in range of 50~800 nm and intensity ratio of 8:2

A 0.02

. L, L, L
Noise
Peak Peak Peak
level PVE/% DRE  PVAR PVE/% DRE PVAR PVE/% DRE PVAR
value /nm value /nm value /nm
175 0 1.09 175 0 1.0 175 0 1.06
0 0.1475 0.1447 0.1591
637 3.34 0.53 648 1.67 0.48 637 3.34 0.48
175 0 0.71 186 6.28 0.94 186 6.28 1.05
0.001 0.3302 0.1182 0.1302
703 6.68 0.34 659 0 0.61 637 3.34 0.60
186 6.28 0.75 186 6.28 0.97
0..005 164 — 0.5716 — 0.2721 0.1185
659 0 0.48 626 5.00 0.80
197 12.57 0.64 197 12.57 0.81
0.01 164 — 0.6380 — 0.4259 0.2691
725 10.01 0.19 714 8.35 0.36
230 31.42 0.96
0.02 197 = 0.6549 = 230 = 0.6418  — 0.7160
824 25.03 0.26
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Fig.3 Inverse results of bimodal distribution particles with particle size in range of 10~100 nm and intensity ratio of 1: 1 at different
regularization matrixes. Noise level (a) 0; (b) 0.001; (¢) 0.005; (d) 0.01; (e) 0.02
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Table 3 Inverse data of bimodal distribution particles with particle size in range of 10~100 nm and intensity ratio of 1:1

Noi L, L. L,
olse
Peak Peak Peak
level PVE/% DRE PVAR PVE/% DRE PVAR PVE/% DRE PVAR
value /nm value /nm value /nm
22.42 0 0.95 22.42 0 1.03 22.42 0 1.01
0 0.4425 0.4121 0.4105
79.54 5.65 0.40 81.92 2.82 0.43 81.92 2.82 0.45
22.42 0 0.48 24.8 10.61 0.68 24.8 10.61 0.83
0.001 0.7053 0.5321 0.4709
84.30 0 0.21 84.30 0 0.34 84.30 0 0.36
27.18  21.23 0.45 27.18  21.23 0.61
0.005 27.18 — 07955  — 0.7252 0.5877
89.06 5.64 0.20 89.06 5.64 0.31
2480  10.61 0.37 22.42 0 0.54
0.01 29.560 - 0.809 — 0.7352 0.5597
7478  11.29 0.23 77.16 8.45 0.41
39.08 7430 0.52
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Fig.4 Inverse results of bimodal distribution particles with particle size in range of 10~100 nm and intensity ratio of 8:2 at different
regularization matrixes. Noise level (a) 0; (b) 0.001; (¢) 0.005; (d) 0.01; (e) 0.02
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Table 4 Inverse data of bimodal distribution particles with particle size in range of 10~100 nm and intensity ratio of 8:2

. L| Lz L3
Noise
Peak Peak Peak
level PVE /% DRE PVAR PVE /% DRE PVAR PVE /% DRE PVAR
value/nm value/nm value/nm
22.42 0 0.69 24.80 10.61 0.83 24.80 10.61 0.89
0 0.3621 0.2380 0.2068
98.58 16.94 0.20 84.30 0 0.54 84.30 0 0.46
22.42 0 0.59 24.80 10.61 0.74 24.80 10.61 0.83
0.001 0.4659 0.3139 0.2611
98.58 16.94 0.21 86.68 2.82 0.34 84.30 0 0.51
27.180 21.23 0.49 27.18 21.23 0.63
0.005 24.8 — 0.6702 — 0.5836 0.4784
89.06 5.65 0.35 84.30 0 0.52
0.01 22.42 — 0.7516 — 24.80 10.61  0.6367 0.39 24.80 10.61  0.5322 0.48
77.16 8.47 0.24 72.40 14.11 0.56
0.02 24.80 — 0.6756 — 0.6388 0.6899
29.56 — — 29.56 — —
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Table 5 Simulation parameters of bimodal distribution particles with particle size in range of 10~100 nm and different PVSR

u, T, u, g, PVSR
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Fig.5 Inverse results of bimodal distribution particles with particle size in range of 10~100 nm and PVSR of 1.9:1 at
different regularization matrixes. Noise level (a) 0.001; (b) 0.005; (c) 0.01
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Fig.6 Inverse results of bimodal distribution particles with particle size in range of 10~100 nm and PVSR of 2.6: 1 at
different regularization matrixes. Noise level (a) 0.001; (b) 0.005; (¢) 0.01
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Table 6 Inverse data of bimodal distribution particles with particle size in range of 10~100 nm and different PVSR

. L, L, L,
Noise
PVSR Peak Peak Peak
level PVE /% DRE PVAR PVE /% DRE PVAR PVE /% DRE  PVAR
value /nm value /nm value /nm
0.001 46.22 — 0.7624 — 48.6 — 0.7731 — 46.22 — 0.7775 —
1.9:1
0.005 46.22 — 0.7683 — 50.98 — 0.7942 — 53.36 — 0.8819 —
0.01 43.84 — 0.7816 — 46.22 — 0.7833 — 48.6 — 0.8816 —
31.94 8.05 0.47 31.94 8.05 0.64
0.001 31.94 — 0.7566 — 0.6729 0.4910
77.16 0 0.26 79.54 3.08 0.45
2.6:1 29.56 0 0.48
0.005 39.08 — 0.7813 — 31.94 — 0.7432 — 0.5957
74.78 3.08 0.36
31.94 8.05 0.46
0.01 31.94 — 0.7827 — 31.94 — 0.7745 — 0.6725
79.54 3.08 0.28
22.42 0 0.48 24.8 10.61 0.68 24.8 10.61 0.83
0.001 0.7053 0.5321 0.4709
84.30 0 0.21 84.30 0 0.34 84.30 0 0.36
27.18 21.23 0.45 27.18 21.23 0.61
3.7:1 0.005 27.18 — 0.7955 — 0.7252 0.5877
89.06 5.64 0.20 89.06 5.64 0.31
24.80 10.61 0.37 22.42 0 0.54
0.01 29.560 — 0.809 — 0.7352 0.5597
74.78 11.29 0.23 77.16 8.45 0.41
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Fig.7 Inverse results of bimodal distribution experimental particles with particle size of 198 nm and 502 nm
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