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Abstract Inversion of the size distribution of fire smoke particles is an ill-conditioning problem, and it tends to lose
global optimal solutions on account of being trapped into local minimum. Under spherical model, the inversion of
monodisperse systems and lognormal distribution systems have been performed by simulated annealing algorithm
which has a powerful ability in global searching. Before that, the interference of random noise on the angular
distribution of Mueller matrixs in the light scattering of fire smoke particles has been analyzed in detail. Errors of
inversional results are less than 0.3% when signal mixed with 3% stochastic noise. Then, the optical equivalent
radius of smoke particle clusters with different fractal dimensions could be calculated when the program is used to fit
the scattering light of the clusters. Furthermore, it has an approximatively linear relationship with radius of gyration
of the clusters.
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Table 1 Inversion of size distribution of a monodisperse spherical particle system

Intensity of

No. Data Setting value Initial value Inversional value Error /%
stochastic noise /%
1 Fy 225 60~1000 0 225.0014 <C0. 001
2 F 225 400 3 401. 0263 78.23
3 Fn 225 300 3 300. 0974 33.38
4 F, F, F; Fy 225 60~1000 0 225.0001 <C0. 001
5 Fn Fyn Fi Fauy 225 60~1000 3 225.1043 <0.1
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Table 2 Inversion of size distribution of a lognormal spherical particle system

Setting value

Initial value

Intensity of Inversional value

No Data _ _
c D c D stochastic noise /% c D
1 Fy 0.57 225 0.4~1.5 100~900 0 0.5701 225.1065
2 F 0.57 225 0.9 300 3 0.6330 301. 1450
3 Fy 0.57 225 0.9 300 3 1.5756 301. 1437
4 F, F,, F3; Fy 0.57 225 0.4~1.5 100~900 0 0.5700 225.0307
5 F, F, F; Fy 0.57 225 0.4~1.5 100~900 3 0.5693 225.6630
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Table 3 Radius of gyration and optical equivalent radius

varies with fractal dimension

) Optical
Fractal Radius of ]
i ) equivalent Error /%
dimension gyration R,/nm )
radius R,/nm
1.5 638. 982 462. 301 27.7
1.6 527.655 386. 279 26.8
1.7 445, 659 385.698 13.5
1.8 383.535 347. 389 9.5
1.9 335. 334 297.585 11.2
2.0 297.158 293.323 1.3
2.1 266. 378 268.101 0.6
2.2 241.175 247.656 2.7
2.3 220. 254 232.323 5.3
2.4 202.677 219. 826 8.4
2.5 187. 778 206. 630 10
2.6 174. 986 195. 962 12
2.7 163. 946 186. 058 13.4
2.8 154. 319 178.929 16
2.9 145.910 171. 666 17.7
3.0 138. 415 165. 068 19.3
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