B2 N OOt %
20204 3 H

Journal of Applied Optics

X E 455 :1002-2082 (2020) 02-0375-07

ST 2R I S 4 1 T T 9 A T 5

¥R, AR, &R, BRI 1, A
(WEFRHE 2 S e, BRTT 7% 710021)

B B ATHEARELINT N EERESRORHER ARG IRE, FAALBES
SRENHBHLETRTOME TM, RET —HAKS B HILRE T Airy 15 5 # % 9 Ripple 4
BT E, RBRBG—NHLoh, XA TRAFNHEFRAZRA TN E6H ZHESR
WA R, ZEERRBOREFFIE, FHPUNET RKiEf RERE CBERBO—NHIo A,
FFRGEREAN, M —Z BB AR RAGIF R AEMNZRHE SN A 10" F 1%,

R4 LG B AN E 2RSS M B ROR ik

F & 93 S: TN958;0436 NEkARERD: A DOI: 10.5768/JA0202041.0203006

Study on measurement method by empirical mode decomposition of rainbow signal

LUO Daobin, QIN Yipan, YUE Zongmin, QIAN Lailai, SHI Bo, XIE Jiaojiao
(School of Art and Science, Shaanxi University of Science and Technology, Xi’an 710021, China)
Abstract: Based on rainbow Airy theory, the sensitivity of the main Airy peak position and Ripple frequency
to the refractive index and diameter was studied. Combined with empirical mode decomposition for rainbow
signal, Airy signal and Ripple component were extracted from rainbow distribution. According to the first-
order rainbow distribution of droplet, an inversion algorithm was designed to calculate the refractive index and
diameter of droplet simultaneously, which with powerful feature of noise immunity. The first-order rainbow
distributions from water and ethanol droplets with different concentrations were measured in the experiment.
The results show that the refractive index and diameter measurement accuracy of the droplet by rainbow-

empirical mode decomposition method are 107 and 1% respectively.
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Fig. 1 Distribution of first-order rainbow scattering
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Table 1 The inversion results of diameter and refractive

index
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Fig. 6 The experimental diagram
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Table 2 Correlation of two frames of measurement data
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Table 3 Inversion results of diameter and refractive index
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Table 4 Inversion results of diameter and refractive index

W%
5 10 15 20
Z (Y 1.3355 1.3395 1.3425 1.3469
o .
DA (+0.000 24) 13352 1.3394 1.3429 1.3470
ZHR{E 1294 1462 1372 1431
HA£1/um ‘
M E{HE14) 1288 1481 1383 1418
ZHE 1474 1567 1589 1589
HAR2/um }
A (£14) 1477 1549 1603 1579
. Z il 1629 1761 1709 1666
HA&3/um )
A (£14) 1641 1780 1727 1674
___l:\
4 znl'%

ARSI T G B AR 53 TR X RT3 AN



. 380 - o]

% A E 2

A, 456 —4 Airy W& ff {37 B Fl Ripple 4544 5
Proffe, EREIMKER, Wit TRII—2 6
%%%&ﬁmﬁ%ﬁéﬂﬁﬁﬁwgoﬂmm%
iE B, AR A PR 2 B A 3 R T S AR E
PE, f /Efﬁﬁ’% 2T 58 & 53 A P Adry . Ripple 45 1)
RS o ST K RS [ VR 3 2 TR Y
—BE HﬁﬁaﬁJb W —— R RS A TR I
HORAS TR M R T R R . FRai R R
B, P14 %A 1.3~1.5, HARFE 100 um~2 000 um, &
BT 25 B A5 25 0 A 35 1 T S 3 1) U K B Tk 3
107, FLAR MO0 158 25 AN 2 1%, ARWFFER 7 %
A B B B R /D | IR g R T A L A

TR | PUMR AT 5 R AR
£ k-

[1] CASTANET G, PERRIN L, CABALLINA O, et al. Evap-
oration of closely-spaced interacting droplets arranged in
a single row[J]. International Journal of Heat and Mass
Transfer, 2016, 93: 788-802.

[2] TABERW C, AGRAWAL A K, BITTLE J A. Quantify-
ing liquid boundary and vapor distributions in a fuel spray
by rainbow schlieren deflectometry[J]. Applied Optics,
2017, 56(30): 8385-8393.

[3] SONG Feihu, CHEN Haiying. Twin primary rainbows
scattered by micro-channel with circular cross-section[J].
Journal of Applied Optics, 2016, 37(1): 17-23.

TRIR, PRI 15T fOE T A — B R T SR
ﬁi[J]. NEHIEAE, 2016, 37(1): 17-23.

[4] WUX, JIANG H, WU Y, et al. One-dimensional rainbow
thermometry system by using slit apertures[J]. Optics
Letters, 2014, 39(3): 638-641.

[5] YUHT, XU F, TROPEA C. Optical caustics associated
with the primary rainbow of oblate droplets: Simulation
and application in non-sphericity measurement[J]. Op-
tics Express, 2013, 21(22): 25761-25771.

[6] YU H T, XU F, TROPEA C. Simulation of optical
caustics associated with the secondary rainbow of oblate
droplets[J]. Optics Letters, 2013, 38(21): 4469-4472.

[7] LOCKJ A, KONNEN G P. Rainbows by elliptically de-
formed drops I Mébius shift for high-order rainbows[J].
Applied Optics, 2017, 56(19): G88-G97.

[8] ROSEBROCK C D, SHIRINZADEH S, SOEKEN M, et
al. Time-resolved detection of diffusion limited temperat-

ure gradients inside single isolated burning droplets using

Rainbow Refractometry[J]. Combustion and Flame,
2016, 168: 255-269.

[9] WU Yingchun, PROMVONGSA J, SAENGKAEW S8, et
al. Phase rainbow refractometry for accurate droplet vari-
ation characterization[J]. Optics Letters, 2016, 41(20):
4672-4675.

[ 10 ] PROMVONGSA J, VALLIKUL P, FUNGTAMMASAN
B, et al. Multicomponent fuel droplet evaporation using
1D Global Rainbow Technique[J]. Proceedings of the
Combustion Institute, 2017, 36(2): 2401-2408.

[ 11 ] WU Yingchun, CYRIL C, LI Haipeng, et, al. Simultan-
eous measurement of monocomponent droplet temperat-
ure/refractive index, size and evaporation rate with phase
rainbow refractometry [J]. Journal of Quantitative Spec-
troscopy & Radiative Transfer, 2018, 214: 146-157.

[ 12 ] GUAN Lulu, YU Haitao, SHEN Jiangi, et al. Third- and
fourth-order rainbow fringe characteristics of homogen-

eous ellipsoid droplets[J]. Acta Optica Sinica, 2017(3):

366-373.
E TR, TV, VUAEBL. Y SRR IR — B A U

RHLARBURRIE 0], D241, 2017(3): 366-373.

[ 13 ] SUN Hui, YU Haitao, SHEN Jiangi. Study of drop meas-
urement based on Gaussian beam scattering in the primary
rainbow region[J]. Acta Photonica Sinica, 2017, 47(1):
0129003.

IV, T, LBl BT — B i Xl s e
A I (] 0624, 2017, 47(1): 0129003,

[ 14 ] SONG Feihu, LI Zhenfeng. Reversion algorithm of glob-
al rainbow technique based on optimization process[J].
Laser & Optoelectronics Progress, 2016, 32(2): 110-116.
RCSE, 250, PR AR &R H AR R 5T
%0 ot S eh 127 g, 2016, 32(2): 110-116.

[15] WANG Y H, YEH C H, YOUNG H W V, et al. On the
computational complexity of the empirical mode decom-
position algorithm[J]. Physica A: Statistical Mechanics
and its Applications, 2014, 400: 159-167.

[16 ] NGUYENT S, CHANG C C, HUYNH N T. A novel re-
versible data hiding scheme based on difference-histo-
gram modification and optimal EMD algorithm[J]. Journ-
al of Visual Communication and Image Representation,
2015, 33: 389-397.

[ 17 ] CARNELOSSI F D, OLIVEIRA L S, MENOTTI D, et al.
Bias effect on predicting market trends with EMD [J]. Ex-
pert Systems with Applications, 2017, 82: 19-26.

[ 18 ] BOHREN C F, HUFFMAN D R. Absorption and scatter-


https://doi.org/10.1016/j.ijheatmasstransfer.2015.09.064
https://doi.org/10.1016/j.ijheatmasstransfer.2015.09.064
https://doi.org/10.1364/AO.56.008385
https://doi.org/10.5768/JAO201637.0101004
https://doi.org/10.5768/JAO201637.0101004
https://doi.org/10.1364/OL.39.000638
https://doi.org/10.1364/OL.39.000638
https://doi.org/10.1364/OE.21.025761
https://doi.org/10.1364/OE.21.025761
https://doi.org/10.1364/OL.38.004469
https://doi.org/10.1364/OL.41.004672
https://doi.org/10.1016/j.proci.2016.08.010
https://doi.org/10.1016/j.proci.2016.08.010
https://doi.org/10.1016/j.physa.2014.01.020
https://doi.org/10.1016/j.physa.2014.01.020
https://doi.org/10.1016/j.jvcir.2015.10.008
https://doi.org/10.1016/j.jvcir.2015.10.008
https://doi.org/10.1016/j.eswa.2017.03.053
https://doi.org/10.1016/j.eswa.2017.03.053
https://doi.org/10.1016/j.ijheatmasstransfer.2015.09.064
https://doi.org/10.1016/j.ijheatmasstransfer.2015.09.064
https://doi.org/10.1364/AO.56.008385
https://doi.org/10.5768/JAO201637.0101004
https://doi.org/10.5768/JAO201637.0101004
https://doi.org/10.1364/OL.39.000638
https://doi.org/10.1364/OL.39.000638
https://doi.org/10.1364/OE.21.025761
https://doi.org/10.1364/OE.21.025761
https://doi.org/10.1364/OL.38.004469
https://doi.org/10.1364/OL.41.004672
https://doi.org/10.1016/j.proci.2016.08.010
https://doi.org/10.1016/j.proci.2016.08.010
https://doi.org/10.1016/j.physa.2014.01.020
https://doi.org/10.1016/j.physa.2014.01.020
https://doi.org/10.1016/j.jvcir.2015.10.008
https://doi.org/10.1016/j.jvcir.2015.10.008
https://doi.org/10.1016/j.eswa.2017.03.053
https://doi.org/10.1016/j.eswa.2017.03.053

REFDG2E 2020,41(2) BB, 46 36T 2 00 B0 40 0O I vk U A 5T « 381 -

ing of light by small particles[M]. New York:A Wiley- ory of interference[J]. Applied Optics, 2017, 56(19):
Interscience Publication, 1983. G104-G112.

[ 19 ] GRZEGORZ S, MROCZKA J. Approximate solution for [21 ] ZHANG T, FENG G, SONG Z, et al. A single-element in-
optical measurements of the diameter and refractive index terferometer for measuring refractive index of transparent
of a small and transparent fiber[J]. Journal of the Optical liquids [J]. Optics Communications, 2014, 332: 14-17.
Society of America A, 2016, 33(4): 667-676. [ 22 ] JOHN R. Handbook of chemistry and physics, 99th edi-

[ 20 ] PHILIP L. Supernumerary arcs of rainbows: Young’s the- tion[M]. Boca Raton: CRC Press, 2018.


https://doi.org/10.1364/JOSAA.33.000667
https://doi.org/10.1364/JOSAA.33.000667
https://doi.org/10.1364/AO.56.00G104
https://doi.org/10.1016/j.optcom.2014.06.028
https://doi.org/10.1364/JOSAA.33.000667
https://doi.org/10.1364/JOSAA.33.000667
https://doi.org/10.1364/AO.56.00G104
https://doi.org/10.1016/j.optcom.2014.06.028
https://doi.org/10.1364/JOSAA.33.000667
https://doi.org/10.1364/JOSAA.33.000667
https://doi.org/10.1364/AO.56.00G104
https://doi.org/10.1016/j.optcom.2014.06.028

