2026 4F 45 40 35 o5 4 oK B AR F W Vol.40 No.4 2026
(,'{;‘\ﬁ"') 178 TUJ) JOURNAL OF TEST AND MEASUREMENT TECHNOLOGY (Sum No. 178)

NERS: 1671-7449(2026)04-0474-08 J. Test Measur. Technol., 2026, 40(4): 474-481.

ETLED A FREEFTFTFSHERSSHNES X

ARV R @Y, IMER?, 3L, AR
(1. hdb k2 (58 565 TR, (hvE KJE 030051;
2. bR V8 R BE R BB AR AN Ly, g KJE 030051

o ZE OGRS ST IR U2 BT 62 3 BT (Y OGS A . A% G 2 f =X S 5 A7 AR AL
AR Sy 50345 2 1T A ()L, T RAT 1) B8 Mo A AR DA R) A5 SRR | 47 %6 5 o DL 50y s A
Wik, P& —Fp 5T LEDAIAH T T EOR 09 2 S80S R 57k, SR s /K3 T30 OGR4 4, it 4501
FRIRER, GEST B PO R | PR R DR R AR S P (R B s S 465 nm AT 625 nm 1
LED YU . 50:50 73 WA ORI , XHHNe . 35 55 1 S femz g (PCOA T AR HESE i AT AR M o, S5 4%
RFM R SEI 0. 5~5. 0 mm 0B 48 A R A, %5250 £5 pum; Prit Rl m Bl 1. 3~
1.8, #4aXfiR 2 A +0. 0055 Bl UL ES- MG o 25~70, AHXFRZE N 5% . REEEIRZEMT 0. 1%, P
HEATRNT O so VR OGaA i A = TR R AL T S 280 SR B2 A JC A A e 8

EHE AT TV SR LR PriiEe; Brilg

hESES: TP212 CHRARIRAD: A DOTI: 10. 62756/ csjs. 1671-7449. 2026051

SIFAMGEC: ZRAR, kS, VB, 55 . BT LEDSGIRARA T TS 22800 & 77k [T]. MK AR 2
2, 2026, 40(4): 474-481.

Li Xuedong, Zhang Rui, Sun Chengbin, et al. Multi-parameter measurement method for lenses based on low -
coherence interference of LED light source[ J]. Journal of Test and Measurement Technology, 2026, 40(4): 474-481.

Multi-Parameter Measurement Method for Lenses Based on
Low-Coherence Interference of LED Light Source

Li Xuedong'?, Zhang Rui"*, Sun Chengbin'*, Wang Yanhong', Wang Zhibin’
(1. School of Information and Communication Engineering, North University of China, Taiyuan 030051, China;
2. Technology Innovation Center of Shanxi Provincial for Intelligent Microwave Photoelectric,
North University of China, Taiyuan 030051, China)

Abstract: Multi-parameter efficient and non-destructive testing of optical lenses is a key link in improving
the quality of optical manufacturing. Traditional contact measurement methods suffer from low efficiency
and potential damage to the lens surface, while existing non-contact optical detection technologies struggle
to simultaneously achieve high-precision measurements of thickness, refractive index and Abbe number.
A multi-parameter synchronous detection method based on LLED low-coherence interferometry technology

is proposed. Ultilizing a Michelson interferometer optical path structure, a joint solution model for lens cen-
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ter thickness, refractive index and Abbe number is established through the principle of equal optical path

length. In experiments, LED light sources with wavelengths centered at 465 nm and 625 nm, a 50: 50

beam splitter, and a grating for distance measurement are used to perform repeated measurements on stan-

dard lenses made of resin, glass and polycarbonate (PC) materials. The experimental results show that

this method can measure lens thickness within the range of 0.5— 5.0 mm, with an absolute error of

45 pm; the refractive index measurement range is 1. 3— 1.8, with an error of +0.005; the Abbe num-

ber analysis range is 25— 70, with a relative error of 5%. The system’s repeatability error is below

0.1%, and the single measurement time is less than 9 s. This method provides an efficient and high-

precision non-destructive testing solution for optical lens production quality inspection.

Key words: low-coherence interferometry; central thickness of lens; refractive index; Abbe number
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Fig. 1 Optical path diagram for measuring lens parameters based on LED light source interference
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Tab.1 Lens thickness measurement results

75 x/mm  xy/mm x/mm x/mm d/mm
1 100.055 55 95.00569 98.78629 101.41129 2.424 86
2 100.05555 95.416 26 97.87517 101.046 89 1.467 57
3 100.055 55 95.27042 97.82204 101.086 18 1.520 99
4 100.055 55 95.784 04 97.626 53 100.753 35 1.144 69
5 100.05555 95.774 85 97.55515 100.730 12 1.10573
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Tab.2 Multiple measurement results of a lens

ia=2 d/mm n v
1 1.372 07 1.5558158 34.908 428
2 1.371 85 1.556 1550 34.717 373
3 1.371 84 1.555974 3 34.463 096
4 1.371 92 1.556 127 2 34.665 209
5 1.371 96 1.556 0458 34.653 712
6 1.37179 1.556 128 2 34.751 115
7 1.372 05 1.555976 3 34.421 754
8 1.372 00 1.556 041 4 34.344 890
9 1.372 09 1.556 087 4 34.630 432
10 1.372 06 1.556 129 9 34.543 976
FE 1.371 96 1.556 048 1 34.609 999
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Tab.3 Measurement results of different types of lenses

FRYE(E HUEERIED
g BN
d/mm  n v d/mm  n v
WS R 1.210 1.670 314 1.212 1.668 31.8
B i e A 1.340 1.555 355 1.338 1.555 36.1
Wik S B 1550 1.666 304 1.552 1.667 31.1
AL 1.010 1.602 40.2 1.006 1.600 41.3
PCHEH 1.650 1.591 30.0 1.651 1.590 31.0
I A 2.100 1.700 40.0 2.102 1.703 40.2
2.4 REDH

Yo T AR T OB T T 55 RE—1
AR 1) 6 22 30 1B PN o B, il A5 b gl R AR
B, AR TR AL, DA B AR I o () 15 25

hy fift A B WL B S 158 25 (10~15 pm) J 3
VR, RGE5] ATCHRAE A B8 I 5 ik
RS o WIS, W TR . A
T3 58 R A BOE T WA E D AL RS i i,
OGP R ARG PRI, AT SRR G 53 3R (1) 4 %F
PLAGI i . A6 /R T R Gedh , MOt as
& I EOCE O h 2ot S lat, W
FOGR S G TR R s B 4485 5 . s



480 il

FEVE 5 Y N

il 2026 455 4 1

AP HOLRR 2R, R IR AR R T
SO A IR W T A oAb 3R, RIDATARAS kg BE B

RS, S5OUME G I IE AR %S 4 (AR R
PERARHEAT IR HERT o fr&] 6l A B AR SR

QIR ARIEE . R GOR O T AT A AR
) I R |
1

oW

122 /um

-1

e R B R 2E I HE 2. 5 pm DAY .

B ! [ S S [ S S
I 1 I I
0 2 4 6 8 10 12
s i) /s
E6 NiMfRIRESHE
Fig. 6 Optical encoder error analysis
. [ 3 12558, MRGE R 4 55 2R b J5E B 4 52 AR BF 5
3 & &

ARSI el i 2R G 2l i AN [
K1 LED S FE S HEA T T 9005 B e el
i, ATSREUBE F Y d o o SR S O ERE Y
KRS, FA DR B EE | Rzl
EE AR XTI RGBSR T
dMEFEE ] 0. 5~5. 0 mm, IMHEREEER 45 pm; 2
VB 1. 3~1.9, M Ek5 Bk +0. 005; v U &5
Rl N 25~70, MRS IR 5% . Ak, %3 T
REHCHE WHC2F5E Sl . R, 38 3% 1w
—BER 2R EEN G, A T ZR G &
B L g o A T S AR 1

F #% i1 22 7= BA/Conflict of Interests

PrA A A AN AE R 4 0P 2

All authors declare no relevant conflict of interests.

(1PN, (R, WO . By Um e e i [ T].

M AR 4, 1996, 10(3) : 501-504.
Sun Jiangzheng, Ren Shuhai, Pan Baoqing. Digital
diopter measuring instrument[J]. Journal of Test and
Measurement Technology, 1996, 10 (3) : 501-504.
(in Chinese)

[ 2 ] 2404, 2P, XIdkel, 45 il bk O R 2
T B BE AT S R BB SR DA [T ], e TR,
2022, 30C17): 2067-2076.

Li Chunyan, Li Gengpeng, Liu Jihong, et al. Thick-
ness measurement of radial gradient index lens under
eccentricity by spectral confocal method [J]. Optics

and Precision Engineering, 2022, 30 (17) : 2067-

2076. (in Chinese)

(D], #hilr: BhlBHAEoR 2B, 2024 40.

Li Bingyao. Research on spectacle lens refractive index
and center thickness measurement techniques [D].
Foshan: Foshan University, 2024 : 40. (in Chinese)

(4 ] fiLss, i, A8%8, 55 . B DUECE B8 b ToUA BE AGHI
BN IBEFE [T ], Tolkit ik, 2025, 35(4): 113-117.
Shi Yuanju, Yang Chao, Zheng Tai, et al. Research
on the application of abbe number in lens top power
detection [J]. Industrial Metrology, 2025, 35 (4) :
113-117. (in Chinese)

[ 51 ZRAC, 2RI Ry . 5 0 30 o A 2 R 3% 1) 20
(V). BALASH OB, 2005, 41(3): 134-136.
Li Xiaodong, Li Xiaoling. The analysion of influence
on measurement accuracy of profile instruments [J].
Physical Testing and Chemical Analysis (Part A:
Physical Testing) , 2005, 41 (3) : 134-136.
Chinese)

[6 ] &#ff, s, W/E, & R E
BRI T T] R EROE, 2017, 44
(6): 186-195.

Jin Chaoqun, Yang Baoxi, Hu Xiaobang, et al. Mea-

(in

surement method of lens central thickness with high
precision based on low coherence interferometry [J].
Chinese Journal of Lasers, 2017, 44 (6) : 186-195.
(in Chinese)

[7 ) saril, Bmase, £, 5. Hotzsh i EaEsho
JELRE i R G R (T]. AR, 2012, 33
(3): 683-688.
Shi Libo, Qiu Lirong, Wang Yun, et al. Develop-
ment of lens central thickness measurement system
using laser differential confocal microscopy [J]. Chi-
nese Journal of Scientific Instrument, 2012, 33 (3) :
683-688. (in Chinese)

[ 8 X057 . Kbk 2% I 480G 1% 28 G 7 Jef A il v 14 17



Cass 178 WD

FEF LED ST 0

B 228055k (B4R A 481

[D]. Be#b: BFRHERY:, 2025: 42.

Liu Jiateng. Applications of terahertz time-domain
spectroscopy systems in non-destructive testing [D].
Chengdu: University of Electronic Science and Tech-
nology of China, 2025: 42. (in Chinese)

B8, SREOHE, EHE, 45 BE O RN A RS
erE it ] WOt S e FoE bR, 2016, 53(3):
94-100.

Zhou Yong, Guo Banghui, Wang Xiaoxun, et al.

[

Design of lens central thickness measuring optical sys-
tem[J]. Laser & Optoelectronics Progress, 2016, 53
(3): 94-100. (in Chinese)

[10] B IR, BRT, S080FF, 45 BT+ T3/ L

PR TL R K = 4B 5B R g [T]. B TAL
M, 2025, 43(3): 62-68.

Mao Zhechen, Chen Ning, Guo Gangxiang, et al.
Measurement system of geometric dimensions and three-
dimensional morphology of small hole inner surface based
on low coherence interference [J]. Light Industry
Machinery, 2025, 43(3): 62-68. (in Chinese)

(11 FREEEE . B TR 19 B/ 4 X i 8 0 6 7 1%

[D]. ME/REE: M/RE T ALK, 2023 22.

Chen Yuming. Micro absolute distance measurement
method based on low coherent interference[ D ]. Harbin:
Harbin Institute of Technology, 2023: 22. (in Chinese)

[12] EHK T, AobRig . BT 10 o /R 10 R A L AR I ¢t
R EwAtI]. THRAR, 2013, 47(4): 58-60.
Wang Jiagui, Li Linfeng. Aperture measurement
which based on Michelson interference principle and
design of device[J]. Tool Engineering, 2013, 47(4):
58-60. (in Chinese)

(13] MUt , HAEVL, B0 . BTl BoR i B s 5

JE R A AP 5k T ]. 205N SHOL TR, 2020, 49
(2): 248-253.
Zhao Yuanyuan, Xiao Zuojiang, Liang Xu. Measurement
method of glass thickness and refractive index based on
spectral interference technology[J]. Infrared and Laser
Engineering, 2020, 49(2): 248-253. (in Chinese)

[14] Balling P, Maslka P, Kfen P, et al. Length and refractive
index measurement by Fourier transform interferometry
and frequency comb spectroscopy [J]. Measurement
Science and Technology, 2012, 23(9): 094001.

[15] Bae J, Park J, Ahn H, et al. Total physical thickness
measurement of a multi-layered wafer using a spectral-
domain interferometer with an optical comb[J]. Optics
Express, 2017, 25(11): 12689-12697.

[16] Arosa Y, Lago E L, De La Fuente R. Refractive
index measurements in absorbing media with white
light spectral interferometry [J]. Optics Express,
2018, 26(6): 7578.



