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Abstract Besides the advantages such as the fast response speed, non- contact measurement and so on, the
multiangle dynamic light scattering (MDLS) can give better particle-size distribution (PSD) because it can get more
information about scattering light compared to single— angle light scattering technolgy, which can reflect the
characteristic parameters of particles, and the improvement of the accuracy of MDLS depends largely on appropriate
PSD inversion methods. Based on Phillips-Twomey (PT) algorithm, the Recursion Nonnegative Phillips—Twomey
(RNNPT) algorithm is proposed, which uses the MR—L-curve to estimate the regularization parameter, recursion
algorithm to obtain the weighting coefficients and the addition of the nonnegative constraint. Through the exact
determination of the weighting coefficients, RNNPT algorithm can improve the accuracy of MDLS PSD inversion
algorithm. When the light intensity autocorrelation function noise range is from 0.01% to 1%, the results show that
the inverted PSDs of the two unimodal distribution and the bimodal distribution are comparatively desired with the
noise level under 0.1%. In contrast to recursion Phillips—-Twomey (RPT) and the existing recursion Tikhonov (RT)
algorithm, the calculation results show that the weighting coefficient ratio obtained from RNNPT algorithm is

minimum and the inverted PSD is closest to the theoretical one.
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Fig.1 Two methods for the choice of the regularization parameter. (a) L—curve method; (b) MR-L-curve method
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Fig.2 Inversion results of the two methods for the choice of the regularization parameter
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Table 1 Weighting coefficient ratios and weighting coefficient ratio errors of 600 nm unimodal distribution

obtained from three different inversion methods

Weighting coefficient ratio k,

r 0, True RT RPT RNNPT

1 30 1.0000 1.0000 0 1 0 1.0000 0

2 50 0.4828 0.5128 0.0622 0.5067 0.0496 0.4812 0.0034
3 70 0.8374 0.9069 0.0830 0.8830 0.0544 0.8363 0.0013
4 90 0.9489 1.0501 0.1066 0.9449 0.0043 0.9492 0.0003
5 110 0.8809 0.9579 0.0874 0.6581 0.2529 0.8969 0.0181
6 130 0.5104 0.5234 0.0255 0.4045 0.2075 0.5182 0.0152
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Table 2 True PSDs, inversive PSDs, relative errors and values of the performance index V of the three simulation

particle size distribution

True PSD(D,) RT (D)) RPT (Dy2) RNNPT (D,s)

Diameter /nm 600 572 567 602
Relative error 0.0467 0.0550 0.0033
Performance V 0.2652 1.5429 0.0536
Diameter /nm 780 813 400 792
Relative error 0.0423 0.4872 0.0154
Performance V 0.5234 3.6737 0.2718
Diameter /nm 500/800 532/829 491/799 491/809
Relative error 0.064/0.036 0.018/0.001 0.018/0.011
Performance V 0.3184 0.1385 0.0981
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Fig.4 Inversion results of different particle size distributions with different noise levels. (a) 600 nm unimodal distribution;
(b) 780 nm unimodal distribution; (¢) 500 nm and 800 nm bimodal distribution
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Table 3 True PSDs, inversive PSDs, relative errors and values of the performance index V of the three simulation particle

size distributions with different noise levels

True PSD Noise free Noise 0.01% Noise 0.1% Noise 0.5% Noise 1%
(D) (Dv1) (D) (D) (Dw) (D)
Diameter /nm 600 602 602 592 592 -
Relative error 0.0033 0.0033 0.0133 0.0133 -
Performance V 0.0536 0.0514 0.3735 0.3588 1.9169
Diameter /nm 780 792 797 792 803 -
Relative error 0.0154 0.0218 0.0154 0.0295 -
Performance V 0.2718 0.3601 0.3833 0.3182 1.6246
Diameter /nm 500/800 491/809 491/794 486/792 - -
Relative error 0.018/0.011 0.018/0.008 0.028/0.01 - -
Performance V 0.0981 0.1338 0.1433 0.5969 0.5053

H 1] 4(a) A3 3 AT, X T 600 nm f) BRI AR 4D 43 A, RNNPT 55 325 78 0 155 AH 5C bR (B e 75 7K SF 8 0.01%
IS Y8 T Ao R AR 43 A1 5 TC R P AF B0 R 1 S TEORLAR 43 A AR W) G, B A ZKCSPAIRT 0.019% 0, B A5 X% 600 nm
LI A3 AT 2 T 5 SR R T T 200 o 2 M KT 1 K 31 0. 1% 0.5% 0 Iz T 45 SR S AR — 0, BT A A UG (EDR AR 1R
ZAERE S B 5 IO B0 N A A B e, ELH B0 04, BIVAE ¢ pR B0 RS X 600 nm BRI A L 43 A7 Iz v
4 5 e A O, L g T DAy A U (T A8 /NS AT P L 0 ) b W R AR S T T A JORE R AR S A ATh SR R ERf . iR 3
A, Y M K OT 18 K B 196, S R AR 43 A T 1k A (B R AR, M B S B VA VR BE R B i 2 AR
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Z5 o AT RNNPT 553 % 600 num 50 A48 2 A3 1) 2 T8 1T 422 22 1) AH G pR B804 75 7K SF- 2 0.5%, 24 1 75 /K SF-
it 0.5% , S J8 kLA 3 A1 5 BRE J3 AAH 22 8K .

FH P& 4(b) AT 3 0] A1, T 780 nm ) LA 4B 40 A, RNNPT 5. 32 8 I et A OC oA 50 (E M 75 K -1 T 0.5%
B sz 78 445 S 5 00 M 7 5 50 B4 R T 4 SR Al 4, T AT B4 UG (R A% 15 22 TN B S UM AR T N B A 56
BRI 5 M 75 X 780 mum B WA AL AL S A B Y A 5 A N o (E R 3R 3R, 5 600 nm B WA ARE 401 43 A S N G AE AL
MR 7 KT 18 K F 1968, S DR AR 3 AT T I BN W (B R A PERE S H(E VAR Y R, RO A R R 25 . T
I RNNPT 553 X5 780 num B 4 A5 48 3 A 119 2 38 WT 42 52 1) A OC bR B850k 75 7K 7 0.5% , 24 12 75 7K SF- 8 128 0.5%
B, B2 R AR 43 A1 5 S o A A 22 8K

[ 4(c) A 3 AN, X T 500 nm A1 800 nm AU L5341 , RNNPT 55074 78 I 1 AH OC ok £i e 75 K P T
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I 0. 1%, 52 8 RCR 52
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