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Improving Double Exponential Algorithm for Particle Sizing in
Dynamic Light Scattering
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Abstract The relationship of distribution coefficients of decay linewidth and exponential terms is linear in the
autocorrelation function of dynamic light scattering signal. When the linear estimation and nonlinear least squares
method are combined, double exponential algorithm is improved. By improving algorithm the initialization parameters
are reduced and four parameters optimization problem are changed into two parameters optimization problem so that
fitness results is more stability, higher accuracy. Therefore the inverted results of particle size are more accurate.
The autocorrelation function of light scattering signal of 100 nm and 1000 nm with two-peak distribution particles is
inverted. Inverted error of improving algorithm for noise-free autocorrelation function is zero, which is superior to
double exponential algorithm of at least 1. 708 % . For inversion of noise autocorrelation function, improving
algorithm reduces the error of 0.558% ~5.738% . The results show that the improving algorithm is better than
double exponential algorithm in the capability of optimization and tolerance of noises
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Fig. 1 Fitness curve of autocorrelation function and error curve of fitness. (a) improving algorithm;

(b),(c) double exponential algorithm
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Table 1 Inverted results of autocorrelation function of the different algorithm in figurel

Inversion error /%

Method MSE /X 10°°¢ d,/nm d,/nm A, A,
for d, for d,
Double 8.4378 84.021 953.710 0.48947 0.52659 15.970 4.629
Expenential 1.5115 92.758 982.920 0.49696 0.51061 7.242 1.708
Improving 1.4386X10*® 100 1000 0.5 0.5 0 0
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Table 2 Inverted results of autocorrelation function with different noise

Noise Double exponential algorithm Improving algorithm
variance MSE Inversion error /% MSE Inversion error / %
d,/nm d,/nm A, /nmm A,/m ———M———— d,/nm d,/nm A,/nm A,/nm—m————
/X107* X10°* ford, ford, /X10°* for d, for d,
1 0.97856 98.112 1014.64 0.47937 0.51146 1.888 1.464 0.97342 98.865 990.94 0.47972 0.51042 1.114  0.906
3 2.9903 89.559 989.79 0.49686 0.50725 10.441 1.021 2.9593 95.297 1004.0 0.49865 0.49937 4.703 0.4
6 5.7989 90.538 963.58 0.47268 0.52624 9.462  3.642 5.7629 95.546 973.38 0.47476 0.51937 4.454  2.662
8 7.9449 89.723 923.88 0.49267 0.53903 8.972 7.612 7.9174 94.337 934.52 0.49521 0.53168 5.663  6.548

10 9.7438 88.235 964.21 0.45816 0.51361 11.765 3.579 9.7337 89.866 975.43 0.45827 0.51281 10.134 2.457
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