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Abstract An information feedback deviation-weighted method based on light intensity autocorrelation function
(ACF) reconstruction is proposed to make full use of the effective particle size distribution (PSD) information in the
decay section of ACF. The deviation-weighted inversion is carried out successively and the next deviation is reduced
until the defined minimum information deviation is reached, that is, the distribution-reconstructed ACF obtained by
inversion tends to be consistent with that obtained from the photon correlator. The inversion of the simulated data of
the broad distribution and closely spaced bimodal distribution granular system at different noise levels is conducted.
The results show that, compared with the routine weighting inversion methods, the proposed method can be used to
obtain more accurate inversion results for the broad distribution and the closely spaced bimodal distribution and a

better anti-noise performance is demonstrated, which are verified by the inversion results of the actual measurement

data of standard polystyrene latex particles.
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Fig. 1 (a) ACF of 300 nm/500 nm bimodal particles; (b) PSID; (c¢) PSID of 300 nm/500 nm and

300 nm/800 nm bimodal particles in corresponding ACF
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Fig. 2 (a) True ACF and first reconstructed ACF of 300 nm/500 nm bimodal particles; (b) difference of true ACF from

reconstructed ACF for once, twice, three times and L times
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- 375
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0.050 - 1.00

Unimodal

3X10°* 434

Broad 400 - - — — 400 0.130 - 1.00 )
3X107° 436
3x10* 780

400/800 2:1 - 400 0.090 800 0.060 0.35 0.65 )
3X107° 777
3X107* 758

Bimodal 500/800 1.6:1 — 500 0.080 800 0.050 0.40 0.60 )
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3X10°* 712

500/750 1.5:1 — 500 0.080 750 0.050 0.40 0.60 )
3X10°° 711
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Fig. 4 Inversion results of 375 nm unimodal narrow PSD. (a) §=3X10""; (b) §=3X10""*

22 375 nm BAUEZAE PSD 3 A9 PERETE AR (L =10)

Table 2 Performance indexes for inversion of 375 nm

unimodal narrow PSD (L =10)

Condition Py/nm  Ep, Ry, \%4
true 375 0 — 0
mO 361 0.037 — 0.263
0=3X10"" ml 361 0.037 — 0.268
m2 360 0.040 — 0.259
mlL 363 0.032 — 0.253
mO 361 0.037 — 0.262
ml 353 0.059 — 0.269
0=3X10" 9 361  0.037 — 0.258
mlL 369 0.016 — 0.246

ME 4 FZE 2 Al LLFEH X F 375 nm HLlgE%E

Kl 5 g 3 RO, R AT B 22 AT 3 X)
400 nm HLIE BE 4 AR S 4 R 0 B3 L 5 T I X
375nm UGS S A U Y 03 5 AT A R] A AR AL (R
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it 2 IAY T3 e A 485 L 1) D6 1 1 25 DR AR 2, I 2
JNALE Y 0.078 [l 0.018 578 8 =3 X 10 i}, Wl
2 M 0.058 [ % 0.003,

# 3 400 nm HLIEFE PSD S i By PEREFE AR (L =12)
Table 3 Performance indexes for inversion of 400 nm

bimodal broad PSD (L =12)
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1 0=23>X10 "I, >R FIF B M 22 AL 7 12 e 45 445
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0"
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Diameter /nm

Condition Py/nm  Ep, Ry, \%
true 400 0 — 0
m0 369  0.078 — 0.059
§=3%10"" ml 369  0.078 - 0.068
m2 377 0.058 - 0.055
ml 393  0.018 — 0.042
m0 377 0.058 - 0.056
. oml 361 0.098 — 0.062
0=3X10" 15 385  0.038 — 0.038
mL 401 0.003 — 0.031
0.08
(b) ——true
0.07 -
0.06 —ml
0.05 m2
< 0.04 —+—mL
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0 re o N
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Fig. 5 Inversion results of 400 nm unimodal broad PSD. (a) §=3X10"*; (b) §=3X10"*
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Fig. 6 Inversion results under noise levels of 3X10 ' and 3X10 *. (a) 400 nm/800 nm bimodal PSD;
(b) 500 nm/800 nm bimodal PSD; (c¢) 500 nm/750 nm bimodal PSD

2 4 400 nm/800 nm XU PSD & 1 I PEREFE AR (L =17)
Table 4 Performance indexes for inversion of 400 nm/800 nm bimodal PSD (L =17)

Condition Py /nm Ev, Ry, \’%4
true 400/800 0/0 0.716:1 0
mO 390/690 0.025/0.138 0.619:1 0.133
0=3X10* ml 440/830 0.100/0.038 0.188:1 0.108
m2 430/830 0.075/0.038 0.255:1 0.100
mL 440/800 0.100/0 0.425:1 0.063
mO 440/710 0.100/0.113 0.197:1 0.148
5—3% 10~ ml 440/830 0.100/0.038 0.219:1 0.104
m2 430/830 0.075/0..038 0.258:1 0.100
mL 441/790 0.103 /0.013 0.513:1 0.062

%5 500 nm/800 nm XL PSD J i i) P fE 45 4% (L = 16)
Table 5 Performance indexes for inversion of 500 nm/800 nm bimodal PSD (L =16)

Condition Pp/nm Ep, Ry, \%4
true 500/800 0/0 0.673:1 0
mO 425/731 0.150/0.086 0.214:1 0.143
d=3x10"" ml 443/839 0.114/0.049 0.161:1 0.122
m2 425/830 0.150/0.038 0.298:1 0.113
mL 470/803 0.060/0.004 0.415:1 0.068
mO — /740 —/0.075 - 0.146
5—3% 10— m1l 434/830 0. 132/0.038 0.239:1 0.115
m2 434/830 0.132/0.038 0.291:1 0.112
mL 461/803 0.078/0.004 0.407:1 0.069
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26 500 nm/750 nm X PSD [z i M PEfETE bR (L =15)

Table 6 Performance indexes for inversion of 500 nm/750 nm bimodal PSD (L =15)

Condition Pp/nm Ev, Ry, \%
true 500/750 0/0 0.625:1 0
mO 425/713 0.150/0.049 0.232:1 0.127
5—3% 10! ml 434/830 0.132/0.107 0.235:1 0.125
m2 425/803 0.150/0.071 0.752:1 0.120
mL 443/767 0.114/0.023 0.506¢1 0.093
mO0 443/704 0.114/0.131 0.173:1 0.127
5—3% 103 ml 425/821 0.150/0.095 0.338:1 0.118
m2 425/794 0.150/0.059 0.710:1 0.102
mL 479/767 0.042/0.023 0.567:1 0.052
MK 6 MFE4~6 ] LEH, ¥ F 400 nm/ 1.0(a) e
800 nm.500 nm/800 nm M 500 nm/750 nm XL 4> 0.9¢ ——ml
5 R IHAIEAT £ 1068 22 00 EE 001447 25 7 6 4 ool S
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5 2 0 135 AR 2 A B — U T 45 ) |
2 5 T L0 35 B L 8/ 43 152 2 | L.
5 SEEYIIE *L VAW
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S0 BT FHBCHR K 1 ph 1 632.8 nm B9 T LR 08 Diameter /am
UL SO 58 A 1 L SR (SR 64 3 3 o7l ™ o
TR B 4H B A I G B, 0=90°, #IAES AR 0.6 s
WE T 2 FLIE TBURLC ) 0 L% 1A R (300 £3) nm/ 05 e
(5024) nm, WUGGERJE Ll 5: 1, 22 B T 28K So4
MR G EEEA N 25 mm B4 FAE M, & 0.3
PREFPE R 298,15 K, fif F B AR Ol 2F 458 & 2 Wi il 5 0.2
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JI7R 100 200 300 400 500 600 700 800
7300 nm/502 nm B 5 HE 20 TLIIOR 1) g Diameter /nm

S P B 48 B
Table 7 Performance indexes for inversion of 300 nm/502 nm

standard polystyrene latex particles

Condition Py /nm Ev, Ry,
true 300/502 0/0 5:1
mO0 350/ — 0.167/— —
ml 310/520 0.033/0.036  2.271:1

0=3X10"*
m2 360/650 0.200/0.295  4.938:1
mL 300/520 0.000/0.036  4.048:1
mO 380/ — 0.267/— —

ml 310/520
m2 359/650
mL 300/521

0.033/0.036  2.271:1
0.197/0.295  4.360:1
0.000 /0.038 4.107:1

d=3x10"?
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(a) §=3X10"*; (b) 6=3X10""*
Fig. 7 Inversion results of 300 nm/502 nm standard

polystyrene latex particles. (a) §=3X10""; (b) 6=3X10"?
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