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Abstract: In consideration of the serious size distribution broadening and tailing phenomena come {rom
improper iterative steps in inversing laser particle size distribution, this paper presents a method to se-
lect the iterative step for Projection algorithms to improve measurement accuracy. Based on the simi-
larity theory, this method obtains the similarity between the row vector of light energy distribution
and the course quantity of light energy coefficient matrix. Then, it gets the predict distribution of par-
ticle size after filtering and normalized processing. Furthermore, according to the predicted result, the
iteration step can be calculated. The measurement results for national standard particles GWB(E)
120046 show that the measuring errors for D50, D10, and D90 are —0.6%, —1.1% and —0.6%,
respectively,and the light energy logarithm error of mix standard particles GWB(E)120041 and GWB
(E)120049 is 2. 167. Results demonstrate that the algorithm can effectively improve noise immunity,

measurement accuracy and resolution.
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Tab.1 Particle size measurement range corresponding to

32 particle size ranges

KRB/ pm RSB/ pm RSB/ pm
5.4 6.1 17.0  18.6 477 53.7
6.1 6.8 18.6  20.3 53.7 611
6.8 7.6 20.3  22.1 61.1  70.2
7.6 8.5 22.1  24.1 702 82.1
8.5 9.4 24.1  26.3 82.1  98.0
9.4 10.5 26.3  28.8 98.0  120.6
10.5 116 28.8 31.6  120.6 155.8
1.6 12.8 3.6 34.8  155.8 218.1
12.8  14.1 34.8  38.5  218.1  360.3
4.1 15.5 38.5 42.7  360.3  592.0
15.5 17.0 127 AT.7
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Fig. 1 Normalized diffraction light energies of parti-

cles which the weight of each size ranges is

unit
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Fig. 2 Curve of similarity of vectors and threshold

curve
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Fig. 3 Theory curve of particle size distribution and

predicted curve of particle size distribution
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Fig. 4 Theory curve of particle size distribution and

predicted curve of particle size distribution
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Fig. 5 Inversion results of sample 1 by using three

Projection algorithms.

Fz 2 37 Projection EEHMMELE R

Tab. 2 Measuring results of three Projection algorithms

% b4
"% D50 D10 D90
/pm /pm /pm
g e 50. 97 48. 69 53.54
-
50. 68 48. 14 53.22
g 1
AR
AT
- —0.6% —1.1% —0.6%
R
-
50. 53 44.05 58.76
4k
SCHkCA 53
AHXF
- —0.9% —9.5% 9.7%
R
IR
50.3 44.05 58.03
4h R
SCHkC6 15 v
AR
- —1.3% —9.5% 8.4%

MF 2 AT LI A SCHE S 1 i Projec-
tion B VEN D50 iR Z fr /N, —0. 6% ., HFEE 4
158 BE Y D10 5 D90 = 25 40 5l — 1. 196 Fil —
0.6% A IR EFENSE ., mHRPFA
B0 D50 R4 BN —0. 9% F1—1. 3% . U &k
JE WA T A SC 2, 5 D10 55 D90 % 228 K, ki
JE 53 At BB G R B AR AR BRI R 4
AT 1 8 T 1k W A 6 A 8 R A AT 1 IO
WL BE 53 BT AR R i R

2% FE M GWB(E) 120041 5 GWB(E)



202

5 20 &

120049 BHR SR ERI B IRA BN 12 1,

Kl 6 Sk 3 A Projection 2 3% % 2 £ FE M 1K X
WA, X T 200 A BIR A& B #F . A 3G i
FE 6 RE X B 22 LEN i /N i 0 2k i )
kB . MK 6 AT LLE , fi H ek Projection
B ROLREXTHUIR 2% LE /N, 2. 167, H A
o] DL R A TS T B Y Pro-
jection B LA G| A M T B F#) Projection &
TR S BLE Projection 5735 H B W 1) & 55
BN

" LE=2.167 020
; I

=

-E 22
b I i 100 1000 3000

R/ pm

Ca) (i FHAS SCRE I B0 R T 285 28

(a) Inversion results using proposed algorithm

LE=2221710
2 ”
Si6 ;
0
0.1 1 100 1 000 4000

10
R/ pm

b) i FHSCHR [ 4 53005 19 S 45
(b) Inversion results using algorithm proposed by

reference[ 4]

S & k-

(1] #datd, 22E, 908, F. BOLAT SR 2D & P iy

Chin-Shifrin S B2 [)]. &% # % £4,2011,19
(2):323-331.
YANG F G, WANG A T,MING H, et al.. Chin-
Shifrin inversion algorithm for measuring particle
size distribution by laser diffraction method [ ]].
Opt. Precision Eng. . 2011.19(2): 323-331. (in
Chinese)

(2] EZARRK.HRIEZ.ES A BOOK SN &K LEE S
NSRS X5 A F T42,2009,17(9):2120-
2127.

WANG Y M,CHEN Q X,PAN Z D. Hybrid inver-
sion algorithm for laser scattering particle size ana-
lyzer and its parameter selection[ J]. Opt. Precision

Eng. . 2009,17(9):2120-2127. (in Chinese)

LE=2.210748

30 |||

(}]_ 1 1 10 100
R/ p.m

1000 4000

Co) i B SCHR (6 15303k Y S i 45
(c) Inversion results using algorithm proposed by
reference[ 6]
Bl 6 3 Fh Projection FEILXS 22 i Ay S B 45 R
Fig. 6 Inversion results of sample 2 by using three

Projection algorithms.

AR S 3 4T B Ak B P A s AR A K
U2 5 FEE 110 5 T, i AR 0 4 007 - T A 0
J3E 43 A U 2 AR S I R B v I RS B L X AR
YE) 1 DN £ 45 S R WY, AR SCHR B BHE Projec-
tion LM & Y D50 228 —0. 6% .D10 22
F—1.1%.D90 &2 A—0. 6 %, il F IR A Fr Y
T OGREXT BR 2Z R 2,167, 5 HALFI R Projec-
tion B3 A BL L AT LA A v i 000 R R A A Ay B
3 A RL - HE FURL BE 3 Al Oy 22 06 43 A (9 1R G kL
e [ BT FH 32 580 1k o s B AR B o A R AT I
I B BA Y R T R 4 R 4 AR
TR T 7R RE ) AN A

[3] GE B ZH., WANG ] P, ZHANG Y M. Study on
the projection non-mode algorithm of laser particle
size measurement [ ] |. Chinese Journal of Laser,
1998, B7(5):430-438.

(4] ZE &AMk B AUH L X 2 ¥ 2 22 5F % AT 2
[DJ. Kt KHR Y, 2005,

LUAN ZH CH. The research of non-mode data
processing algorithm of laser particle sizer[ D].
Tianjin: Tianjin University,2005. (in Chinese)

[5] WANG J P.XIE SH ZH,ZHANG Y M. Improved
projection algorithm to invert forward scattered
light for particle sizing[J]. Optical Society of A-
merican,2001,40(23): 3937-3945.

[6] PEDOCCHI F., GARCIA M H. Noise-resolution
trade-off in projection algorithms for laser diffrac-
tion particle sizing[[J]. Applied Optics, 2006, 45
(15) :3620-3628.



1

R L AF SRR BRI 23 A5 I 20 Projection ik 203

7]

(8]

(9]

B MKk, 5 LR, 5T 400 v B 18 B S0
{ESR gL ROBE A3 A [J ). e - #ok, 2007, 18
(11):1329-1332.

GEBZH,WELI'Y J,LV Q N. Study of invert parti-
cle size distribution by choosing convergence thresh-
old based on distribution width[J]. Optoelectronics
* Laser,2007,18(11): 1329-1332. (in Chinese)
RF 2@ AR 4 AR R kLT . B
H AR ,2009,28(4) :532-536.

ZHANG Y, LIU Y D, JI ZH. Measurement of vec-
tor similarity [ J]. Acoustic Technology, 2009, 28
(4) :532-536. (in Chinese)

F L AT AR, — Rk A AL R R 5
M E L, 200910073836[PJ. 2009.

LI ZH,YUAN J SH, YANG H. A method of cal-
culating the similarity between vectors: China,

200910073836 P]. 2009. (in Chinese)

[10] EZATF.BEEaALFMNERRAZ L ALM].

R T AR AL, 2000,

1EE @I

EEBEU964—) . J NG EPTA L
L HR R T 0L 1993 4F TR IR
KRG 20, FENFRO =4
R BT AL B 5 HOR RT3 ) 4k 2
W AR T 4 B i 5 0%
M AF5E ., E-mail: gebz@tju. edu. cn

DRIE985—) U5 KA AL
24,2008 AT R HR 4R 15 2% L2 L
FENF R TS5 AR MR,
E-mail: ma_yunfeng851116(@163. com

[11]

[12]

[13]

WANG N N. Optical Measurement Technology
and Application of Particle Size[ M]. Beijing:
Atomic Energy Press.2000. (in Chinese)

MR AR T R AR BOR 6 B R E AURT
(D1, R H KHK A, 2008,

WEI Y J. Research and development of laser parti-
cle sizers based on combined spectrum Lechnology
[D]. Tianjin: Tianjin University,2008. (in Chinese)

B R R & 5B b gk BB BOR R T UK
HERLTELS]. 2009,

General Administration of Quality Supervision ,In-
spection and Quarantine of the PRC. Calibration
Specification for Static Light Scattering Particle
Size Analyse[ S]. 2009. (in Chinese)

EEE HOLEEMN K R ARG BESRAFZ[D]. K
KRR, 1999,

WANG ] P. Themodular laser particle test of the

system[ D]. Tianjin: Tianjin University, 1999. (in
Chinese)

BRIBRAR (1951 —) . B PRk KA, 2
b TR, 1978 4E T R HE K K
{CFR AR Ll KA 2 -2 00, B R
KA A 5 T TR B e K BB,
O RS AR R IR A
iEL 6 BB R R Y BF Y. E-mail:

ylwei@tju. edu. cn



