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Abstract

In order to measure the refractive index of transparent liquid quickly and accurately, a liquid re-
fractive index measurement method based on digital image processing is proposed. Based on the
principle of dynamic measurement based on experiment, this method theoretically derives the
expression of liquid refractive index based on digital processing. For different kinds of transpa-
rent liquids, only one front image of the device is needed to obtain the refractive index of the liq-
uid to be measured. The method is applied to the refractive index measurement of three common
transparent liquids: water, peanut oil and 53° liquor at 20°C. The results show that the average
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relative error of refractive index is within 0.15%. The device of this method is simple, the mea-
surement speed is fast, the measurement accuracy is high, and it has certain practical value for the
measurement of liquid refractive index.
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Figure 1. The experimental schematic diagram of “ranging method”
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Figure 2. Experimental pictures
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Figure 3. Agorithm design process
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Figure 4. The horizontal plane and the area above and below the horizontal plane can be used for di-

ameter extraction.
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Table 1. Comparison of refractive index results obtained by four pretreatment methods (temperature: 20°C)
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Table 2. Liquid refractive index based on Canny operator (temperature: 20°C)
< 2. ETF Canny EFHIEREITSTRGREE: 20C)

SR A K Poa R 53° 19
1 1.3324 1.4733 1.3587

2 1.3322 1.4707 1.3567

3 1.3328 1.4704 1.3591

4 1.3336 1.4729 1.3592

5 1.3332 1.4732 1.3552

6 1.3327 1.4718 1.3559

7 1.3329 1.4716 1.3543

8 1.3326 1.4713 1.3576
FHME 1.3328 1.4719 1.3571
SEHIRRHRZE 0.02% 0.13% 0.06%

NHE— DI SEI A RIS L, A LS N7 iR % MSE
N

MSE :ﬁZ(xi ~u)’ ™

Horr, VRS se B T EEAE A THE xis SCEMEMENEAE u, S50 E S N E, {1
2 =R A S0 a4 BIARNR(T), B EIEK . FEZEMAN 53 (B TR ZE KRN 2.125 x 107,
1.19 x 107, 3.38 x 10°, 7R 2 WL T SLBe R OB BORE R, PRk, SRAASSCTR 7548 SR se i 4t
SR

SRS B VA A R 2242 0 0.02%, 0.13%. 0.06%. FHES T IC (& BIARTE KA i, &
TR AEAE S P SRR R ZE R, A 60 BV T RO A I O e P I B T — e T, R, &
XoF A €37 PR ORI, R DLk 4035 5 200 1) 1 2 5 e ) el 730 2 2 [ of S 560 J) R iR AT T A R 45
J7 A GEM R . SRS, SRIURSCRTIA 7 VR R I B VR A T S R R N, K, SFIAAH
SR ZBNTF 0.15%, #ERHER, Fe/MEM 705k AT e BleE k. SRS IR A I B R 1 T
DML, ZNER ARG, SRR S, LR ETE .
5. &g

ASCHEH — PP JE T 3 EAR A FE I 03 B A A S 2 T . ERE AL S R, b TR T
Canny 57, Log 5 7. Hough A4 Al LSD HLMAC BT INIRCR, 45 R ET Canny 51 (5 BEAT I
P ot S 5 e RIFZ 7V T 20°C R =Rl B IS K FEAE R 53° FHBHT %, 45
R W BT R AR R ZE N 0.15%. FE T AR SCRRAR T S M B VA B A R 2 A, TERAE M,
SEOKE B R B v, A ARAF S A A
B O

TR =g X 2 B 2 e SI G A Lo 0 SR B8 R DK D SCRE, RIS BT AL 2 20 W TR I E I 5 SRR .
ELmAB

b R AW I H (U H 95 . 2020378).

DOI: 10.12677/jisp.2023.122018 186 & 555 Ak #


https://doi.org/10.12677/jisp.2023.122018

FaM &%

SE

(1]
(2]

(3]

(4]

(5]
(6]

(7]
(8]

(9]
[10]
[11]
[12]
[13]

[14]
[15]
[16]

Zhang, Y., Liu, W., Li, Z., et al. (2018) High-Quality-Factor Multiple Fano Resonances for Refractive Index Sensing.
Optics Letters, 43, 1842-1845. https://doi.org/10.1364/0L.43.001842

Ermatov, T., Noskov, R.E., Machnev, A.A., et al. (2020) Multispectral Sensing of Biological Liquids with Hol-
low-Core Microstructured Optical Fibres. Light: Science & Applications, 9, Article No. 173.
https://doi.org/10.1038/s41377-020-00410-8

Belay, A. and Assefa, G. (2018) Concentration, Wavelength and Temperature Dependent Refractive Index of Sugar
Solutions and Methods of Determination Contents of Sugar in Soft Drink Beverages Using Laser Lights. Journal of
Lasers, Optics & Photonics, 5, Article ID: 1000187.

Zhang, W., Liu, Y., Zhang, T., et al. (2019) Integrated Fiber-Optic Fabry-Perot Interferometer Sensor for Simultaneous
Measurement of liquid Refractive Index and Temperature. IEEE Sensors Journal, 19, 5007-5013.
https://doi.org/10.1109/JSEN.2019.2903583

Phia ). e HAEM]. 5B 4 . JERT EEECE A, 2008: 118-123..

Van Keuren, E.R. (2005) Refractive Index Measurement Using Total Internal Reflection. American Journal of Physics,
73, 611-614. https://doi.org/10.1119/1.1866099

Hof <. M I e 2R PTG 8 AR AT 32 (0], M EE SRR, 2000, 20(2): 10-11.

Rahman, M.A., Galand, Q., Soliman, M., et al. (2013) Measurement of Refractive Indices of Binarymixtures Using
Digital Interferometry and Multi-Wavelength Abbemat Refractometer. Optics and Lasers in Engineering, 51, 503-513.
https://doi.org/10.1016/j.optlaseng.2013.01.002

LM, UEE, SRHE, . — R S I ST 2R L], MBETR, 2016, 34(S1): 71-73.
TAH, BRERJe. —FREET Canny BRI H & RO GATIN 75 [I]. A E B R R 548%, 2004, 9(8): 65-70.
FEHk, FEbeT:. LOG BT 3T IO ZGAS I AT L [J]. EEARI TR 22224, 1999, 19(2): 180-183.

WSS, TG, XIJEbR. FET Gl LSD B ZAS I Sk AN S SR TH 1 SR R[], AR AT KA R, 2021, 38(3):
95-101.

ez, JIRLL. DR AT S 2R A IR AR R[], R EESELG, 1998, 11(1): 1-3.
S, L. B R A SR RO R IR AT[I]. s DL R, 2012, 33(15): 317-321.
ZEPRVE, BROAEE, SR, S AMEATORTRRE S A SR [J]. SRET-E0E, 2018, 29(2): 168-172.

DOI: 10.12677/jisp.2023.122018 187 & 555 Ak #


https://doi.org/10.12677/jisp.2023.122018
https://doi.org/10.1364/OL.43.001842
https://doi.org/10.1038/s41377-020-00410-8
https://doi.org/10.1109/JSEN.2019.2903583
https://doi.org/10.1119/1.1866099
https://doi.org/10.1016/j.optlaseng.2013.01.002

	基于数字图像处理的液体折射率测量
	摘  要
	关键词
	Liquid Refractive Index Measurement Based on Digital Image Processing
	Abstract
	Keywords
	1. 引言
	2. 实验原理
	3. 算法设计与实现
	3.1. 图片采集及预处理
	3.2. 算法流程设计
	3.3. 算法实现

	4. 结果分析
	5. 结论
	致  谢
	基金项目
	参考文献

