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Application of principal component analysis to selection of
characteristic wavelengths with total light scattering
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Abstract: To select the characteristic wavelengths which contain important information about particle
sizes and refractive indexes in a total light scattering particle sizing method, a wavelength selection
method was proposed by performing the Principal Component Analysis(PCA) for the extinction spec-
tra, the first-order differential extinction spectra and the second-order differential extinction spectra of
monomodal R-R particle system in visible and visible-infrared regions. This method firstly used the
principal component transform to dispose the first-order differential extinction spectra, and then re-
garded the contribution rate of the principal component to the first-order differential extinction spectra
at each wavelength as the mainly criterion to select the characteristic wavelengths. Meanwhile, the
boundary wavelengths in the spectral region were also selected as the characteristic wavelengths. The

numerical simulations on the monomodal and biomodal R-R distributions were performed, and the ex-
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perimental data of reference materials were also validated. Experimental results show that the inver-

sion errors of reference materials based on the PCA selection method are less than 3%. It is concluded

that the selection method has advantages of convenient computation and easy realization, and can en-

sure to the extinction values of selected characteristic wavelengths to show the most valuable informa-

tion about the particle size distribution.

Key words: particle size measurement; total light scattering; selection of characteristic wavelength;

Principal Component Analysis(PCA)
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Fig. 1 Correlation matrix of visible extinction spectra

for monomodal R-R distribution

2 g RFIE T PR B BURL 2 9 OO
A7 — B3 o0 R = i o o0 Ak B A5 21 A AT G A
o XL RE o — A H U i A Savitzky-
Golay filisrik . M F 20 B R KR HE R 2 1
T L SR B B D 3 5 92 PR A 22 A
R AELXE T 5 0 R R D L 3% R PR
ooy MAF A B R R 22 I I AT 2R | Savitzky-Go-
lay TR TR o 120 vk R AR 7 IR B 3L
IR 5 R FLRUOR G TE A e A A » SURT B
REDEIE A GEE . BT IASCRAT AR K
Z 1 3 Savitzky-Golay 4 BUM IR X R 6
T HEAT — B RS R B i A

WA 1A 2w LU . — B o T DR
T ) TR 408 T D =2 ) ) O A O A B A 4
TR I BB A SRR [ 1 B T R Y e B
G AR I A0 — B il 3 D6 3 =2 18] 19 06 35 AH O
PEX 3 HA AR R AW B A LA .

1A T BORL A B AU et g . — B
o L e — 9 gy BT L D66 3 R 32 B e
EREIER ., MR 1 Wa Rl LIE . &5
ER ARG — B o T 6 A AT 4 A 3R
Gr i RERT 22 SUBR A T 9006 JF HLAT 4 A E
IS KT L4 A U L2 DR 1 R T D O 3 A
T oo OB R A R AR DT Z SRR L T
9020 M EIM AN BIIRT 4. FFANEANTS B

E I I3 M a5 R Bl A B o T OEOEE
A T ALY - B AT RE A T RLIR OGS A
FE B TS AL T 35 RPAE . DRI L AR SORE St iR
T3 e — B o> 4 BRLUS 75-08 HEEAT 32 03

AR

Number of wavelengths

14
Number of wavelengths

() —Br el WL OL 3

(a) First-order differential visible extinction spectra

Number of wavelengths

Number of wavelengths

(b) ZBir felood AT LV Dot 1

(b) Second-order differential visible extinction spectra

B2 Hlge R-R A A O HE 1

Fig. 2 Correlation matrixes for monomodal R-R distribution

B3 Xt 8 D66 3 #E AT — B o A B
HCRT 4 A F2 R 13 20 32 o R — B il 23l UL T
JEIETE I TTER AR % o UKL R S 1 A0 E X
SR . T AEIEAT 35 I AL 2 A G 2R
RIHOEIETE HEAT T — K Y Savitzky-Golay — B
By s — B e Z ) w5 25 5 21 BRI AT A
HE PP . BT A9 G 33 1Y



%8l

B LD A5 RO O T TR O A HOR R AR B 8 v B 1 1695

EA S NCINR e SN R V3 S ORI B
(EGR IR UEEPSY IS

%2 R 3 PR BT IA R B
AR . BURL R S A1 I X A T
FEAE S, AR X F g R-R A 1) 00RE 28 K
UL AR A1 1 S A P AS R E S (D L k)
B4k SR A ) 180, 280 (D ) i 5 2 ) 5 B AT 3K 45
TR IO 28 A RLAR A0 AT o AR SCREHR 5 AN PR Y
TH G AR SR A KL A2 23 A 2 80, O 7 R HTAR A 3
BT R . BT o IR/ T K
T ZAME B ) T e B S L BT R
XU o MREI/INER . AL 3 ATEUE 56 4.
5.9.12,19 45 5 NP XS R v BB K. 78
2P S 1R R R BN 5= 5E A0
554.5,9,12,19 28 5 AN PR AR N RFIE B 24T S
B 75 2 RN R BRI A 4,5,12,19 4% 4
AP T HMEE 1A PR AR SRR B BEAT
S . X HLBCR R 21 AR P O B R Y
CERCROS S RS 2SS RIRNS AR SRS & ¢
2L ARH L 1. P55 3 Kom A 21 ANk
KA BT 5 R A RO I .

1 BERRISHTHERSSHER

Tab.1 Results of PCA for monomodal R-R distribution
P s mam O PR
VOELIDOE TR TTRRR

1 4.4125  21% 21%
2 3.7897  18% 39%
3 3.140 5 14% 54%
CIRGES 4 2.732 3 13% 67%
it 5 2.4170  11% 78%
6 1.770 1 8% 86 %
7 1.461 9 6% 93%
8 0.943 6 4% 98 %
1 7.7497  45% 45%
s 2 3.854 6 22% 68%
L 3 2. 830 16 % 84 %
4 1.474 2 8% 93%
5 0.536 5 3% 96 %
1 6.6002  38% 38%
2 3.8457  22% 61%
Z B sl 3 2.723 9 16 % 7%
RIED, i) 4 2.339 6 13% 91%
5 1.063 7 6% 97 %
6 0.373 2 2% 99%
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Fig. 3  Contribution rate of principle component to
the first-order differential visible extinction

spectra
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Tab. 2 Inversion results of monomodal R-R distribution

in visible region((D,k)=(5.5,10))

Ag R/ R/
WA/ (10 AE/(£20
S/ (£1%) (+1%) S/ (£2%) (+2%)

1 (5.5721,11.102 5) 0.264 1 (5.616 0,12.288 1) 0.490 1
2 (5.521 6,10.580 6) 0.112 9 (5.540 7,11.210 9) 0.229 2
3 (5.5945,9.4318) 0.278 2 (5.7694,9.370 9) 0.686 6
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Fig. 4 Inversion results of biomodal R-R distribution
in visible region (D, .k, D, k,,n=1.5,10,
7,10,0.3)
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(D,k=5.5,10)
Tab. 3 Inversion results of monomodal R-R distribution
in VIS-IR region(D,£=5.5,10)
i R/ (£1%0) %ij/ R/ (£290) ﬁ(f?ﬁ/
1 (5.4934.,9.8750) 0.0269 (5.4869,9.7354) 0.0557
2 (5.508 3,9.9723) 0.0239 (5.5171,9.9259) 0.050 1
3 (5.5104,9.8713) 0.0393 (5.5211,9.7263) 0.0810
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Tab. 4 Inversion results of standard particles
Prag PCA 1R

HA SR RERE/ % PSR RERE/ %

1.98  2.031 2.58% 2.042 3.13%
3.26  3.195 1.99% 3.171 2.73%
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