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Optimization of improved GWO aerosol particles regularization
parameters based on weighted Morozov discrepancy

Ma Longfei Wang Yajing Shen Jin Liu Wei Ming Hu Yang Guangyu Zhang Qi
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Abstract: Compared with conventional non-flowing particles, an increase in flow velocity of aerosol particles can exacerbate the ill
posedness of the inversion equation and increase sensitivity to noise, which makes it difficult to obtain accurate regularization parameters.
To improve the accuracy of selecting regularization parameters for flowing aerosol particles, an improved grey wolf algorithm based on
weighted Morozov discrepancy ( WMD-IGWO ) is proposed to optimize the regularization parameters on the basis of the traditional
Morozov discrepancy principle. This method obtains the noise component of the electric field ACF through wavelet packet decomposition,
and establishes an objective function by weighting the deviation function based on the noise component, which can reduce the impact of
noise on the data. The convergence factor of GWO is nonlinearly improved, and the objective function is incorporated into the IGWO for
global optimization to obtain the optimal regularization parameter, thereby enhancing the accuracy of the inversion results. The inversion
results of four simulated aerosol particles (292, 483, 167/575, 208/733 nm) at different flow velocity show that compared with the L-
curve method, the WMD-IGWO inversion results in smaller distribution errors and peak position errors of particle size distribution
(PSD), and higher accuracy of inversion results. The inversion results of 584 nm unimodal and 243/825 nm bimodal measured particles
show that WMD-IGWO can reduce peak position errors by up to 0.041 and 0.116/0. 087, respectively, which is superior to the
inversion results of the L-curve method and verifies the conclusions of the simulation experiment.
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Fig. 1 The autocorrelation function of the electric field, noise component of electric field autocorrelation

function and weight coefficient distribution
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Table 1 Simulate the parameters of PSD inversion

P/nm a My g a Mo T,
292 1 4.2 4.8 0 - -
483 1 0.3 6.0 0 - -

167/575 0.35 8.7 5.5 0. 65 -2.2 7.0
208/733 0.35 6.0 4.6 0. 65 -4.0 4.0
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Table 3 The inversion data of bimodal aerosol particles
T/ L-curve J7 % WMD-IGWO J5
L i g curve
m-s’) P/nm EI, E, P/nm EI, E,
0 155/571 0. 072/0. 007 0. 063 159/571 0. 048/0. 007 0.035
0.3 143/559 0. 144/0. 028 0. 107 147/563 0. 120/0. 021 0.070
0.6 135/527 0.192/0. 083 0. 163 139/547 0. 168/0. 049 0.112
167/575 nm
0.9 131/507 0.216/0. 118 0.221 131/539 0.216/0. 063 0. 167
1.2 123/495 0.263/0. 139 0.253 127/523 0. 240/0. 090 0. 194
1.5 111/491 0.335/0. 146 0.282 123/519 0.263/0. 097 0.219
0 198/723 0.048/0.014 0.072 203/728 0. 024/0. 007 0. 036
0.3 183/673 0. 120/0. 082 0. 107 198/693 0. 048/0. 055 0. 081
0.6 168/633 0. 192/0. 136 0. 151 188/663 0. 096/0. 095 0. 137
208/733 nm 0.9 158/608 0. 240/0. 171 0.182 178/643 0. 144/0. 123 0.163
1.2 128/573 0.385/0.218 0.193 148/603 0.288/0. 177 0.176
1.5 113/563 0.457/0.232 0.212 143/568 0.313/0. 225 0. 191
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Table 4 Inversion data of measured aerosol particles
VY - -
o L ke 4 L-curve J5: WMD-IGWO J5 7
(m-s™") P/nm E, P/nm E,
0.90 560 0.041 576 0.014
584 nm 1. 15 548 0. 062 556 0. 048
1. 67 496 0. 151 520 0.110
0.58 141/759 0. 420/0. 080 1597777 0.346/0. 058
243/825 nm 1.31 107/609 0. 560/0. 262 135/681 0. 444/0. 175
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