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Particle Size Distribution Inversion of Cuckoo Search Algorithm
Using Weber Distribution

Shan Liang', Zha Tingting', Kong Ming”, Hong Bo'
' Key Laboratory of Electromagnetic Wave Information Technology and Metrology of Zhejiang Province,
College of Information Engineering, China Jiliang University, Hangzhow, Zhejiang 310018, China;
? College of Metrology & Measurement Engineering, China Jiliang University, Hangzhow, Zhejiang 310018, China

Abstract Weber distribution has better optimization accuracy and global search ability in nonlinear optimization
problems. For this reason, a cuckoo search (WCS) algorithm based on Weber distribution is proposed to solve the
problem of particle size distribution inversion. The WCS algorithm is used to invert the particle size distribution of
unimodal and bimodal particle systems which follow Johnson’s Sy distribution, Rosin-Rammler distribution, and
normal distribution, and the results are compared with those of other traditional algorithms. The results show that
the overall performance of the WCS algorithm is better than that of the artificial fish swarm algorithm and the
artificial bee colony algorithm, and the standard deviation of the improved four heavy-tailed distribution CS
algorithm is 2-3 orders of magnitude higher than the original CS algorithm. Compared with the other three heavy-
tailed distributions, the relative root mean square error of the WCS algorithm can be reduced by at least 1/2 when
the scattering light energy of the objective function is added into the noise. The small angle forward scattering
measurement system is used to study the unimodal particle system and bimodal mixed particle system. It is found
that the relative root mean square error of the WCS algorithm is about 40% lower than that of the original CS
algorithm.
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Table 1 Parameter setting of small angle forward scattering system

Particle size range /pm

Incident light wavelength /nm

Lens focal length /mm Relative refractive index
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Table 2 Inversion results of different algorithms under unimodal distribution
Algorithm Evaluation criteria Parameter Johnson’s S Rosin-Rammler Normal
d 10. 000 10. 000 10. 000
Mean value
M /;Lm 45. 000 45. 000 45. 000
AFSA o d /107" 4. 550 3.720 3. 100
Standard deviation
M /(10" pm) 0.530 2. 480 4. 440
RRMSE /(107" um) 0. 420 15. 000 9. 180
d 10. 000 10. 000 10. 000
Mean value
M /pm 45. 000 45. 000 45. 000
ABC o d /107 2000. 000 0. 094 6. 630
Standard deviation
M /(10° pm) 1000. 000 0. 066 6. 280
RRMSE /(10" pm) 20000. 000 0.035 2. 260
d 10. 000 10. 000 10. 000
Mean value
M /;Lm 45. 000 45. 000 45. 000
CS o d /107" 1. 600 1. 240 0. 520
Standard deviation
M /(10 " pm) 2. 410 8.170 5. 880
RRMSE /(10" pm) 3. 390 3. 390 1.010
d 10. 000 10. 000 10. 000
Mean value
M /pm 45. 000 45. 000 45. 000
CCS o d /10" 0. 900 9. 880 6. 520
Standard deviation )
M /(10" pm) 0. 100 3. 290 5. 860
RRMSE /(10" pm) 3.090 8.370 8. 460
d 10. 000 10. 000 10. 000
Mean value
M /;Lm 45. 000 45. 000 45. 000
PCS o d /107" 1. 680 1. 210 9. 020
Standard deviation
M /(10 " pm) 0.010 0. 330 1. 620
RRMSE /(10" pm) 3. 870 8. 950 8. 740
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Algorithm Evaluation criteria Parameter Johnson’s S Rosin-Rammler Normal
d 10. 000 10. 000 10. 000
Mean value
M /yn] 45. 000 45, 000 45. 000
MCS o d /107" 0. 160 1.110 1. 930
Standard deviation .
M /(10 "% pm) 0. 030 0. 540 2. 040
RRMSE /(107" pm) 5. 170 25. 100 19. 400
d 10. 000 10. 000 10. 000
Mean value
M /yni 45. 000 45. 000 45. 000
WCS o d /107" 1. 080 0. 210 0. 310
Standard deviation : ) )
M /(107" pm) 0. 630 0. 990 2. 360
RRMSE /(10 " pm) 6. 680 8. 520 6.570
3.3 WEHH FIORLRT BE 0 BRI FRIE S 80 A = Fh o A sRELCT
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Table 3

Inversion results of different algorithms under bimodal distribution

Algorithm Evaluation criteria Parameter Johnson’s S Rosin-Rammler Normal
d, 6. 0000 5. 9900 5. 9900
d, 5.9900 6. 0000 6. 0000
Mean value
M, /pm 30. 0000 30. 0000 30. 0000
M, /pm 70. 0000 70. 0000 69. 9900
AFSA d,/10™" 32. 0000 9. 9400 23. 0000
Standard deviati d,/10"" 5. 2000 2.4100 2. 0800
Aancare GO v (10! pm) 6. 7100 36. 0000 18. 0000
M, /(107 pm) 1. 1400 3. 3900 2. 4500
RRMSE /pm 0. 0072 0. 0022 0. 0035
d, 5. 9900 5. 9900 6. 0000
M | d, 6. 1600 6. 0200 6. 0400
n v,
can vatue M, /pm 30. 0100 30. 0100 30. 0000
M, /pm 70. 0300 70. 1000 70. 0300
ABC dy 0. 0380 0. 0340 0. 0020
d, 0. 3120 0. 0190 0.0010
Standard deviati ; ’ ) ’
Standard deviation M, /pm 0. 0240 0. 0250 0. 0010
M, /pum 0. 0760 0.1970 0. 0020
RRMSE /pm 1. 5800 0. 3300 0. 4800
d, 6. 0000 6. 0000 6. 0000
d, 6. 0000 6. 0000 6. 0000
Mean value . . .
M, /pm 30. 0000 30. 0000 30. 0000
M, /pum 70. 0000 70. 0000 70. 0000
cs d,/10"" 5. 7400 2. 7000 3. 1800
Standard devintio d,/10* 6. 6100 1. 3200 2. 8100
n I 10on -
andarc devia M, /(107 pm) 4. 2400 8. 5900 7.5500
M, /(10" * pm) 2..3000 6. 8200 3. 4800
RRMSE /pm 0. 0021 0. 0016 0. 0011
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Algorithm Evaluation criteria Parameter Johnson’s S Rosin-Rammler Normal
dy 6. 0000 6. 0000 6. 0000
M | d, 6. 0000 6. 0000 6. 0000
can vatie M, /pm 30. 0000 30. 0000 30. 0000
M, /pm 70. 0000 70. 0000 70. 0000
CCS di/10°° 4. 4800 0. 5000 4. 6100
Standard deviati d,/10°° 1. 4700 0. 9700 3. 2100
PHnAArE CEVIEON ML /(100 pm) 0. 098 0.5100 3. 3600
M, /(10" pm) 0. 6100 2. 6800 8. 1700
RRMSE /(10° pm) 0. 4000 0. 3100 2. 0400
dy 6. 0000 6. 0000 6. 0000
Mean vl d, 6. 0000 6. 0000 6. 0000
can vatue M, /pm 30. 0000 30. 0000 30. 0000
M, /pm 70. 0000 70. 0000 70. 0000
PCS d,/107" 0. 2800 3. 3800 1. 0600
. d,/10° 0. 7000 2. 0000 4. 3200
Standard deviation M, /(10" , 0. 2100 6. 2900 0. 5700
1 pm . . )
M, /(10" pm) 1. 3000 31. 3000 2. 8300
RRMSE /(10 ° pm) 0. 4700 2. 8800 0. 7800
d, 6. 0000 6. 0000 6. 0000
M | ds 6. 0000 6. 0000 6. 0000
cat vaue M, /pm 30. 0000 30. 0000 30. 0000
M, /pm 70. 0000 70. 0000 70. 0000
MCS d,/10°° 5. 5900 5. 4700 1. 8800
Standard deviation d,/10"° 15. 6000 7.3900 1. 7600
Prandard deviatio M, /(10" pm) 0. 4500 4. 4300 0. 3900
M, /(10" pm) 4, 3800 44, 4000 1. 3900
RRMSE /(10° pm) 0. 8400 3. 8300 0. 6400
dy 6. 0000 6. 0000 6. 0000
y | d, 6. 0000 6. 0000 6. 0000
can vatie M, /pm 30. 0000 30. 0000 30. 0000
M, /pm 70. 0000 70. 0000 70. 0000
WCS d,/10"" 3. 6400 1. 4900 5. 1300
Standard deviati d,/10° 0. 4800 0. 1200 1. 2400
PHnaare CEVIEON ML /(107 pm) 6. 7600 6. 2700 7. 8700
M,/(10 " pm) 1. 3500 5. 1100 8. 3100
RRMSE /(10 ° pm) 1. 0500 0. 8200 3. 4900
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Fig. 4 Experimental setup for small angle forward scattering
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Table 4 Results of unimodal particle swarm inversion by

CS algorithm and WCS algorithm

Distribution Relative
Algorithm ) M /pm

function error /%

Johnson’s Sy 50. 08 0.16

CS Rosin-Rammler 48. 16 3.67

Normal 50. 10 0. 21

Johnson’s S, 50. 05 0. 10

WCS Rosin-Rammler 48. 26 3.48

Normal 50. 04 0. 08
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Fig. 6 Experimental results of unimodal particle on

Rosin-Rammlar distribution function inversion by
WCS algorithm
4.3 MERFEHRELE

R 50 pm A 100 pm B9 Fe, O,
TIURLAE SRy W AORE K FIORE A% IR — 5 1 L BT 5
PEAT RO 20 . R AR IO Y U G BB AR R CS
SVEDEAT RS2 R FHEEDRE AR MORSK A AR X i
22, CSHI WCS T3k S AU kL1 fEAY 45 2R AN 5
PR .

MF 5 T LLFE B, 78 B R B Y ST
WCS 53k M, {7 50. 01~50. 13 Z [A], HHXF 1%
ZEMET CS LTI 1/2, M, {HAE 100. 01~
101. 55 Z [, 5 {j H 45 R — 2 Rosin-Rammler 73
A3 R R e L T e A R X 249 777 AR 5 22 42
FhE 85% . AIEWUR F Rosin-Rammlar 7375 BR %X
R SERR A R AN 7 R
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Table 5 Results of bimodal particle swarm inversion by CS algorithm and WCS algorithm

Relative error Relative error

Algorithm Distribution function M, /pm M, /pm of M. /% of M, /%
Johnson’s SB 50. 24 101. 72 0. 48 1.72
CS Rosin-Rammler 50. 03 100. 07 0. 06 0. 07
Normal 50. 11 101. 65 0. 22 1. 65
Johnson’s SB 50. 13 101. 55 0. 26 1.55
WCS Rosin-Rammler 50. 01 100. 01 0. 02 0.01
Normal 50. 05 101. 49 0. 10 1. 49
£ 030 XPTTRRIRZE AR TE 6004, ik WCS HILTE
2025 1 L S P AT BT 9 T
Z 0.20 |
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Fig. 7 Experimental results of bimodal particle on Rosin-

Rammlar distribution function inversion by WCS algorithm
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