9536 % 55 00 Wi 28] b Vol. 36,No. 3
2009 4F 3 A CHINESE JOURNAL OF LASERS March, 2009

XEHS: 0258-7025(2009)03-736-06
FEULMRL B A J 188 57
B & IAR

ORI R 2 BEIR 5 PR BT 2 58 - YL IR B9 AT 210096)

WE YRR AR NS RSEA T O RN T — MRS BOCGEE R MR % R EETERES
(EMD) Y 2 MR BETEBUARAE I L (SNRO £ 1F T A B BR MR 75 T4t . JF BB OHE S 15 5 15 2% 065 5 10 25 [0 i #% 5
PR T — PR A S AR RO BEA A0 4 B T 5 B T T R O R T (Debye) B 19 S 38 f5 0 R 1% R
ST RO B 3 SO R A 55 B T K IR (M) BB 1) 2 BORS B ST RO AR v 1 S T o R L
R T I R0 SR 22 PR T R FIVEE . S IRE S RS B BT T AR VE L 35 ~900 pum, 47 4 5
1.32~1. 34 BRI E A R e A 3R 58 T Y S 800 . &5 R R WTLTEAR IR LU T 40 dB RS DL T » AR SO 45 1 T
R 2 1 o 7 558 25 B8 25 R AR B 30/ BT =005 21 (5 MR LR 2 5 dB I AR RO K R 22/ T 1000 47 R
SH KRR /N T 0.1,

R DN RS B RN R AT 2 W AN % s TEE RS

hESES TN247 XERFRIZES A doi: 10.3788/CJ1.20093603. 0736

Inversion Algorithm of Rainbow Measurement

Pan Qi  Wang Shimin

(Department of Power Engineering , Southeast University, Nanjing,Jiangsu 210096, China)

Abstract The parameter inverse algorithm of rainbow measurement was studied. The mathematic model was built
and a novel inverse algorithm was presented. The new algorithm removes noise using the technique based on
empirical mode decomposition(EMD) which can filter out the noise interference under low signal-to-noise ratio(SNR)
condition and effectively avoid signal loss and shift. A feature point extraction technique was presented, to compress
the inversion calculation. An optimal point search algorithm based on Debye theory was proposed which can rapidly
find the relatively exact inversion parameter, and more accurate parameter was obtained using Mie theory. The new
algorithm greatly improves the accuracy of parameter inversion, especially reduces the refractive index inversion
error and expands the application scope. The algorithm was validated by numerical test in different noisy
environment for water droplets with diameter range from 35 pm to 900 pm and refractive index from 1. 32 to 1. 34.
It is showed that the inversion diameter accuracy can reach 1 pm, and refractive index can reach the third place after
decimal point with the SNR above 40 dB. When the SNR drops to 5 dB, the maximum inversion error of diameter is
less than 10% and error of refractive index is less than 0.1%.
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by three theories( A =0. 506 pm, D =100 um, m =1. 33)
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Table 1 Results of inverse algorithm under different noise conditions

Reconstructed refractive Reconstructed refractive Reconstructed refractive Reconstructed refractive

Real refractive index

index and diameter/pm  index and diameter/pm

and diameter/pm

index and diameter/pm  index and diameter/pm

(no noise) ( Sxk =40 dB) ( Sxk =20 dB) ( Sxgk =5 dB)
1. 322 35 1. 322 35 1.322 35 1. 322 35 1.323 35
1. 320 50 1. 320 50 1. 320 50 1. 319 49 1. 319 54
1. 340 60 1. 340 60 1. 340 60 1. 340 60 1. 340 60
1. 336 70 1. 336 70 1.336 70 1. 336 70 1.336 69
1.328 80 1.328 80 1.328 80 1.328 80 1. 328 80
1. 330 90 1. 330 90 1. 330 90 1. 330 90 1.330 90
1. 338 100 1. 338 100 1. 338 100 1. 338 100 1. 338 100
1. 324 200 1. 324 200 1. 324 200 1. 324 200 1. 324 200
1. 326 400 1. 326 400 1.326 400 1. 326 400 1.326 418
1.332 600 1.332 600 1.332 600 1.332 600 1.332 593
1.334 900 1.334 900 1.334 900 1.334 900 1.334 936
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