. A <o ol T FERFR
Ly
%J #‘. % % > & 1= . Eofp: HEINEB KBS LI S SRS i

HENBREY S

QPTICS AND PRECISION ENGINEERINE . W

1 BRSO B U RS 5 RS R e i R 4 A
THERE, sRER, B, 1RIR, KEX, BI

FIUHAASE:

TOHERS, SRR, HE, AF. AR EEIAON SO CHUN AR S WA S A B I AR ], Ote R TR,
2020, 28(4): 808-816.

WANG Ya-jing, HUANG Yu, SHEN Jin, et al. Inhibition effect of angle weighting in signal noise in
dynamic light scattering[J]. Optics and Precision Engineering, 2020, 28(4): 808-816.

TEZR B2 View online: https:/doi.org/10.3788/0PE.20202804.0808

FETT ARG HoA S EE

Articles you may be interested in

W7 Bl A I X Tikhonov- 5 AW 27 S 1E I Ak S i

Inversion of tikhonov and truncated singular value decomposition regularization for noisy dynamic light

scattering data

YeoF 8 AL 2018, 26(9): 2269-2279  htips://doi.org/10.3788/0PE.20182609.2267
S GHBE FIUREL A3 A7 X0 i

Soft sensing of particle size distribution in dynamic light scattering measurement

e K25 T AR 2016, 24(11): 2814-2820  https://doi.org/10.3788/0PE.20162411.2814
L7 22 A B A s S (5 08 LA 58 5 0

Estimation and measurement of signal—to—noise ratio for aviation multi—angular polarimetric radiometer

Se2F K E T 2015, 23(2): 387-394  htips://doi.org/10.3788/0PE.20152302.0387
BTl P T HURE 5388 5 73 W 0 4 8 A RHRas B 1 )

Micro defects detection in metallic materials based on recurrence analysis of ultrasonic backscattering

signal

Se2F K5 E TRE. 2019, 27(4): 932-944  htips://doi.org/10.3788/0PE.20192704.0932

BT EAHURARINER 975 A b BRSO S0 B R 58
Six—degree—of—freedom displacement and angle measurement system based on two—dimensional

position—sensitive detector

Je2F K% T RE. 2018, 26(12): 29302939  https://doi.org/10.3788/0PE.20182612.2930


http://www.eope.net/
http://www.eope.net/
http://doi.org/10.3788/OPE.20202804.0808
http://doi.org/10.3788/OPE.20182609.2267
http://doi.org/10.3788/OPE.20162411.2814
http://doi.org/10.3788/OPE.20152302.0387
http://doi.org/10.3788/OPE.20192704.0932
http://doi.org/10.3788/OPE.20182612.2930

CRLECHE BB DI R Vol. 28 No. 4
2020 4E 4 A Optics and Precision Engineering Apr. 2020

XEHS 1004-924X(2020)04-0808-09

AEMNNHEAAHEHESREZ M MEIER

E%&%"%\ %':9$ jEII‘LX’ff\IEﬁ 3&5(50 Udj
(LEABIA¥Y BAREEFIEZR, LA EH 255000

TEE T sh AOGEUT B AR b, 6T [ A O EOHE b (5 5 M X 0 e 2 R R ), 3R IR T ORLRL R B, EE AR
DS B 7 EE IASUIN o8 Ay 2 A Mg 7 I 5 SRR e ) X —EE B 3R AR SCAE 2 R B S A SR O A B AL 3 43 B Y
Bt b BIFGET O 5 (B R 2 A 3t U AR JBE T AS Ty 12 % 00 15 5 M 75 2 e g I SRIPE T . 5 SRR BT, T A 5 R R L 0 T B
AN BE A3 A 32 A3 U T ISR /N JIURE AR JBE 43 A s A TR B 5 6 L RBURE , Y e 47 vk HEAT A RN AT A5 1 0 1 R 22
W A 1 A o AR P ) 8 PR3 U1 Y N ST A5 R T 45 SR 1) P B B T S 3 AR Ak L T DY B X (B vk EAT A A T 45 5
SR R 22 RN A AR 25 4 B WA R H . 306/974 nm A7 ik X UKL A Z 't 5 349 1 1 R 32 AR 8 A 3 1 IRV 0
BRZE43 R 0.170/0.121,0. 092/0. 097’L1‘€LJ3¥£N%{EMEE{M%’ﬁﬁﬁ}zzﬁuﬂfﬁ%}éﬁzﬁﬁﬂ’ammo 394X 3 Ik A A% A
IR 71 2 YR SV L SR R 3 A1 T T GA AR RE CER L 3k A A E SRR R 09 B VR ZEAR KRR BE AR TR S
FRRL 43 A 158 25 o DT S0 B0 S KA M 7 o ) S MR R R L BRSO R IR R 2 A A O vk

AT 2 ff1 BE AL

X B OW:HARBI;AERBGETRE LB R R %

FE 4SS :0436;0439 XERARIRAD : A doi: 10. 3788/OPE. 20202804. 0808

Inhibition effect of angle weighting in signal noise
in dynamic light scattering
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Abstract: In dynamic light scattering technology, the influence of autocorrelation data noise on meas-
urement results primarily depends on the particle-size inversion algorithm. In multiangle measure-
ment, angular weighting becomes another important factor restricting the influence of noise on the
measurement results. Based on the analysis of angle weighting mechanism of multiangle dynamic light
scattering, the inhibition effect of the angle weighting method of light intensity average and the itera-
tive recursive method on the measurement of noise is studied. The results demonstrate that, in the ab-
sence of noise, for the small particles of the unimodal distribution, the PSD is slightly broadened

when weighted by the iterative recursive method, and for the medium and large particles, the peak
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value error increases slightly when the light intensity average method is adopted. With an increase in
noise, the performance index of iterative recursive inversion exhibits no obvious change, while the
peak value error and PSD error of the results obtained via the light intensity average method are signif-
icantly increased. The inversion peak errors of 306/974 nm standard bimodal particle system were ob-
served to be 0.170/0. 121 and 0. 092/0. 097, respectively. The peak positions obtained via the iterative
recursive method were more accurate, and the experimental results verified the conclusions from the
simulation data. The iterative recursive method recalculates the angle weight via successive inversion
and comparison of the PSD of each scattering angle. The "correction" effect of angle weight updation
can largely offset the PSD error caused by noise, and thus, the "de-noising" performance of resisting
the impact of noise has been depicted. Therefore, in a noisy environment, the iterative recursive
method should be used for multiangle weighting.

Key words: dynamic light scattering; angle weighting; signal noise; light intensity average method;

iterative recursive method
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Fig. 1 Effect of scattering angles on particles in different sizes
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Tab. 1 Simulation parameters of 4 groups of particles

Sample D, /nm D, /nm D/nm N, o1 o2 a b
S, 200 - 100~300 100 0.0515 - 1 -
S, 450 - 300~600 100 0.055 - 1 -
S; 600 — 450~700 100 0.415 — 1 —
S, 500 800 200~1000 100 0.1 0.035 0.4 0.6
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Fig. 2 PSDs of 200 nm unimodal particle using Wa and Wir methods at different noise levels
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Tab. 2 Performance parameters of 200 nm unimodal particle using Wa and Wir methods at different noise levels

Noise level Method Peak positon/nm E P \%
13 Sim PSD 200 0 0.077 0
0 Wa 198 0.01 0. 056 0.278
Wir 194 0.03 0.074 1.057
0.001 Wa 184 0.08 0. 040 0. 830
Wir 196 0.02 0.066 1.075
0.01 Wa 198 0.01 0.026 0. 655
Wir 194 0.03 0.073 1.062
0.05 0.05 0.05
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Fig. 3 PSDs of 450 nm unimodal particle using Wa and Wir methods at different noise levels
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Tab. 3 Performance parameters of 450 nm unimodal particle using Wa and Wir methods at different noise levels

Noise level Method Peak positon/nm E P \%
o) Sim PSD 450 0 0.048 0
0 Wa 453 0.006 0.034 0. 288
Wir 447 0. 006 0.048 0.184
0.001 Wa 459 0.020 0.028 0.427
Wir 456 0.012 0. 040 0. 334
0.01 Wa 444 0.013 0.020 0. 645
Wir 462 0.026 0.028 0.535
0.05 0.05 0.05
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Fig. 4 PSDs of 600 nm unimodal particles using Wa and Wir methods at different noise levels
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Tab.4 Performance parameters of 600 nm unimodal particles using Wa and Wir methods at different noise levels

Noise level Method Peak positon/nm E P \%
o) Sim PSD 600 0 0. 04 0
0 Wa 605 0.008 0.028 0.2757
Wir 597 0.005 0.036 0.113 5
0.001 Wa 593 0.010 0.021 0.465 8
Wir 595 0.008 0.031 0.266 4
0.01 Wa 594 0.010 0.023 0.440 5
Wir 590 0.016 0.029 0.369 3
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Tab.5 Performance parameters of 500/800 nm bimodal particles using Wa and Wir methods at different noise levels

Noise level Method Peak positon/nm E R \'4
o) Sim PSD 500/800 0 1:2.658 0

0 Wa 504/792 0.008/0.01 1:1.828 0.2517

Wir 512/802 0.024/0.025 1:2.133 0.421 1

0.001 Wa 480/808 0.04/0.01 1:1.320 0.461 3

Wir 509/792 0.018/0.01 1:1.436 0.3535

0.01 Wa 486/808 0.28/0.01 1:1.769 0.505 2

Wir 504/792 0.08/0. 01 1:0.986 0.460 8
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Tab.6 Performance parameters of 306/974 nm bimodal

particles at different angular weighting methods

Method Peak positon/nm E R
Wa 254/1092 0.170/0.121 0.484 : 1
Wir 278/1068 0.092/0.097 0.453 : 1
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