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Parameters Optimization of Genetic Inversion Algorithm for
Particle Sizing by Ultrasonic Attenuation Spectroscopy
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Abstract: In the inversion problem of particle sizing by ultrasonic attenuation spectroscopy,the inversion
algorithm plays an extremely important role. As the genetic algorithm is a global optimization algorithm,
it’s highly pivotal to optimize the parameters in genetic algorithm for the inversion effects of particle size
distribution. After optimizing the parameters of maximum generation number, population size and genetic
operators (crossover fraction and mutation fraction), a series of particle systems with three typical
distribution functions were numerically calculated. The numerical simulation reveals that a relatively
anastomotic inversion result can be obtained using ultrasonic spectroscopy,as compared to the input particle
size distribution, when the maximum generation number is 300, the value of population size is 60 and the
ranges for crossover fraction and mutation fraction are 0.4~0.85 and 0.045~0. 08 respectively. Finally,
the stability and noise immunity of the genetic algorithm based on the optimization of parameters were
validated through the numerical and experimental examples of two kinds of micron-sized glass beads-

glycerol suspension samples.

Keywords: wltrasound spectroscopy; particle sizing; inversion ; genetic algorithm

WS EHA: 2015 - 02 - 06
E£WB: R AR EESE R H (51176128,51206113)

F—EE:F FTA991 ). L AW A B O W A BURL I . E-mail: enviroment110@163. com
BEMES: BN A973-), 5 #82. WH5E 7 [ 0K 5 AH 3 0 & . E-mail : sumingxu2002 @ yahoo. com



H2m EOE A R i URDRL A I b g s S B Ak 149

I AF R BE & RE R AL T L L O HLAR L A R A 4
T AR S 24 5 5 JURE AR G S0 I 1) e 1A R TORE
PR Bt v 9 JURERL AR 4 A R A5 Ok Bk 22 1 G 3 .
IR U ORLRE A T B FL AT X A BT AR e L R
BT T S AL A I 24 5 L AR S R A
PR A 45 2507 Tk i B AR Y 5 4 00 7 U
T MURLRL ARSI 1 7 R A WE Y AR 3 AUy
I T ) R R U A TR (1 s S R
A R R R S e OO AR R
WERLAR 53 A1 SR A 45 R 0085 W 5 ST IR () A 02 AE 4k
A I S B P ) B B AL R A

TR b L PSR O A I v R e B R T Dy
WO SR [ VA W R RS VA W R | Al i
B3 38 ST B0 I R R AR a3 A A e — R gk
Ay A5 (4 Rosin — Rammer, B R - R 44, E &
(normal/gauss) 8 %} %% iF %% (log normal) 43 i )™,
SR 5 DA SR T8I0 5 S0 o el i 1) R 22 4 Sy H A pR B
A8 T S5 P A T) R % 2 P P 2 R R AT O %
KL B 50— A WS RO S 8 T T RORRL A%
Dy A 4R o S 8 SR b B B A 4G BFGS
(Broyden — Fletcher — Goldfarb — Shanno)"', DFP
(Davidon — Fletcher — Powel)[® F1 LM(Levenberg —
Marquard) "™ 5 % &5 . il Sy 45 X0 0 T R AR IR E
UKL ZR FRREAR 23 AT oK 8, 38 R T T D) A B R e ik
J5 R A5 0] i i R A T 51 S {8 23 i (TSVD) &%
J5 vk B AR IEAT IS A B A B 0RL R ORLAR 43 A . H R
I 2 0y ph 57 B UG A4S Twomey 5 3E K
gk KB, ORT  (optimum regularization
technique) 2 1%  Chahine & M 12 % T4 [6) i
PRSI, bR SO A B OO0 A R BRA: . 3E wi
RAE S AR TR T R s A s TR
BB 0T R i AN ANAN 23 e B9 FLAE % 7 AR 5T
EAGHM SR . 4R A s % 5 [ i 2
MEERGR LA 2RIt IF 5 il T 358 H .
B REPESR A I AT SR A A TR URRL AR ) £ v
75 B BOR B 22 () DG TR N, T

Sy A S FE HEAE ST B A SR B U0 R AE 1 35t A%
SRR A P R T v I et JURLRL A2 v ) S 5Lk )
RO 3 o S A R B U IR RS L EER 3 BB 43Ai eR
B2 B R T B b 4 N EES
B B KOs AR A R R R 38 SURE S AR S R
A S Z J5 T A AT 84S SRR R I S
380 3 B 3 Tk TR AOURE S 5 R AR 3 BT HE AT R LG

1 BERBIEREPLLEZ

e AR Sz AR 3O P 3 0 I BURDRE A2 I

v T ST I URE R A 43 A R AT A —

PR3 AT (A R = R 23 A1 R R 8 9 23 A1 00 BE

AP SR A I B e T T I S SR R

KA i — A /B TR LR = R 23 A R B0 B
dVv _

iR F(R,R.k) =

£<R/R>k*1exp<— (R/RY (D
A dV/AR Ay kLA B B 43 A, S 56 T UL 2
% R WG RNFFIER ST S8, pm; TR K& k
Ry A S8 AR G T E i B AR eR R iR O fE
ERM kN dV/AR WL E T .

R 75 T A UKL R A2 N S H ) E B pR ECH R
TR I 5 22 pR R, 2 (2) S 42 RO T 068 75 R R
S0 I v (EL AR 6 i 22 19 34 7 iR B U 4 Y B R R
BB

N
ERMS = \/J]\}Z (asim(.fjﬂgpyR) — ameas.-/_>z )

j=1 amcasvj

A g (f5 s @0 R 2 330 BB 1000 8 75 52 Ul 33
AW Kwy BT A IE 8] @B ¥y ok Al ECAH
(Epstein — Carhart — Allegra — Hawley) ¥ ¢ # Y i
BT s, 7 S I 7 U CRRC(EL A 0L+, R
A3 5 B RLAR TSR 5 f R R AR A ¢ Sy UKL
FRARTRE 3 %65 5 Sl 75 8 el A e g, g = 1,
2,-,N.

Sy B GE A [ A0 A0 B B A M R T R AR
5 e B B B B R S AT 800 A A0 B T A
Fe X (2 I Ak i H A5 ek %5, 23 %1 ] BFGS, DFP . LM
BBk FAR U 3 15 25 1 (standard genetic algorithm,
SGA) Tk CLAZ X ] 0~100 pm) . X T 38 4% 3 5 3%
A VOEWIRE 7350 3 R BT E WE R IR {H 2 50 pm
CRAGISPED s ko =7. B T F 0O 4 250
RORL AR o3 AT B 45 5 I R T LR Y 7R 12 R 38 55
il , BEGS,DFP #1 LM 3% 3 Ff Jay & 5 {0 b 583 19
SR 58 4 0w B EAE 5 R AE T 308 1Y R AR S [ AR
Xof FLAH b A RS o Jay 38 fe A6 Ak T 12548 2% 3 )Ry 3 e fe
Fif T 25 5. 55 X I A 38t A BR0 Tk 5 SR ) B A 45
Xof LR L 1) T 5 3R B Ok e Bk 8t A% Bk 1 ST
HREETAT.




150 o BTk 2 IR

2016 4F 55 38 %

SORLRLAZ 5345 1 %

Bl 4#MEERFTEHTHAZESH(R=5 pm)
Fig.1 Inversion results by four kinds of algorithms

for the given particles (R =5 pm)
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Fig.2 Variation of the best fitness value and the

average fitness value
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Fig.3 Variation of the best fitness value along
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Tab.1 Inversion results of three kinds of distribution functions by IGA and SGA
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Tab.2 Inversion results of R— R distribution functions with different SNR
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TREH IR 0.019;0.015 0.022;0.018 0.025;0.036 0.032;0.118 0.036;0.187 0.042;0.382 4.2;38.2
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