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Abstract: The fiber geometry of communication fibers and medical fibers are always standards to evaluate the
quality of optical fibers. The measurement of fiber geometry with gray scale method is one of the commonly used
measurement methods. It is also the proposed method in the national standard GB15972.20-2008. In this method,
the fiber geometry is obtained by fitting the elliptical curve and fitting the circular curve in two steps, but the center of
the two curves may not be coincided. Thus, there is a defect in the measurement principle in the method. The
measurement of fiber geometry with gray scale method has a high requirement for cutting effects and lighting condi-
tions. When measurement conditions change, it often leads to the instability of the measured data and brings errors.
In this paper, we use the arbitrary elliptical function (non-standard ellipse) which is more suitable for the fiber end
face, and only use this function fitting method to get the fiber geometry to fundamentally eliminate the principle defect

YksEER: 2018-06-11; YXEIfEeatsHER: 2018-08-06

EETA: (61605114)
{EE BN (1995-) E-mail 276087885@qg.com
BEEE: (1962-) E-mail gangzheng@usst.edu.cn

180319-1



DOI: 10.12086/0ee.2019.180319

caused by the inconsistent center fitting between the circle fitting and the ellipse fitting. At the same time, the re-
quirement of measurement condition is reduced, because the specific value of image distribution grayscale is not
needed when calculating each parameter. Experiments show that this method can effectively improve the stability
and consistency of measurement results.
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Fig. 4 Fiber end face image under improper conditions. (a) End face1; (b) End face2
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Fig. 5 Edge image of fiber with errors
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Fig. 6 Edge image of fiber cladding with ellipse fitting
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Table 1 Standard data of FGM-5 optical fiber geometry measurement system
/um 1% /um 1% - /um
1 125.073 0.116 8.421 0.865 0.241
2 125.094 0.117 8.409 0.335 0.236
3 125.120 0.118 8.431 0.666 0.246
4 125.101 0.098 8.449 0.616 0.247
5 125.093 0.102 8.388 0.868 0.221
125.096 0.110 8.420 0.670 0.238
0.024 0.012 0.032 0.335 0.017
A2 FmeY T A B A
Table 2 Measured fiber geometry data
/um 1% /um 1% - /um
1 125.081 0.108 8.589 0.465 0.210
2 125.101 0.114 8.551 0.208 0.191
3 125.125 0.111 8.575 0.751 0.198
4 125.108 0.122 8.583 0.862 0.188
5 125.097 0.114 8.532 0.446 0.201
125.102 0.114 8.566 0.546 0.198
0.023 0.008 0.034 0.338 0.012

180319-5



DOI: 10.12086/0ee.2019.180319

( ) (5
)
4(a) FGM-5 5
3 FGM-5
5 4(b)
1~ 4
%3 FGM-5 JUIT A% MK AL # AF £ 8 438
Table 3 Deviant data of FGM-5 optical fiber geometry measurement system
/um 1% /um 1% /um
1 124.832 0.077 9.092 1.529 0.288
2 124.830 0.094 9.037 1.148 0.302
3 124.869 0.089 9.037 1.754 0.302
4 124.862 0.095 9.045 0.837 0.283
5 124.837 0.091 9.010 2.016 0.278
124.846 0.089 9.044 1.457 0.291
0.023 0.012 0.048 0.62 0.013
E4 eI R AR
Table 4 Measured fiber geometry data
/um 1% /um 1% /um
1 124.874 0.084 8.638 0.654 0.245
2 124.857 0.072 8.643 0.312 0.252
3 124.897 0.069 8.701 0.635 0.234
4 124.885 0.078 8.701 0.508 0.252
5 124.862 0.055 8.638 0.357 0.232
124.875 0.072 8.664 0.493 0.243
0.022 0.017 0.037 0.181 0.011
A5 L IUAT SR A BB e
Table 5 Comparison of mean data of optical fiber geometry
/um 1% /um 1% /um
125.096 0.110 8.420 0.670 0.238
FGM-5 4(a) 124.846 0.089 9.044 1.457 0.291
4(b) 125.136 0.220 9.436 2.016 0.306
4(a) 0.250 0.021 0.624 0.787 0.053
4(b) 0.040 0.110 1.016 1.346 0.068
125.102 0.114 8.566 0.546 0.198
4(a) 124.875 0.072 8.664 0.493 0.243
4(b) 125.104 0.052 8.804 0.553 0.270
4a) 0.227 0.042 0.098 0.053 0.045
4(b) 0.002 0.062 0.238 0.007 0.072
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Fiber end face image under improper conditions

Overview: The fiber geometry of communication fibers and medical fibers are always important parameters to evaluate
the quality of optical fibers. The fiber geometry mainly includes the diameter and ovality of claddings and cores, and the
concentricity error of claddings and cores. The measurement of fiber geometry with gray scale method is one of the
commonly used measurement methods proposed in the national standard GB15972.20-2008. In the gray scale method,
the fiber geometry is obtained by two-step fittings that are the fitting of circular curve and the fitting of ellipse curve.
However, the geometric centers of the two fitting curves may not necessarily coincide, causing the measurement inac-
curacy of fiber geometry. Obviously, there is a defect of the measurement principle in the method. The measurement of
fiber geometry with gray scale method has a high requirement for cutting effects and lighting conditions. When mea-
surement conditions change, it often leads to the instability of the measured data and brings errors. This paper proposes
a method for obtaining the optical fiber geometry with fitting the edge of optical fiber in an arbitrary ellipse curve
(non-standard ellipse) which more coincide the real optical fiber end face.

The method is mainly divided into three steps: image preprocessing, edge extraction and ellipse curves fitting. The
first step, image preprocessing, is to eliminate some of the noise errors in the image by median filtering the image, in
order to make the subsequent edge extraction better. The second step, edge extraction, is to use the Canny operator to
extract the image of the optical fiber end face. At this time, there are still some noise signals and false edges at the edge
of the optical fiber. The third step, ellipse curves fitting, is to fit the edge data points with the arbitrary ellipse, and to set
an appropriate threshold value at the edge of the fitting ellipse curve, then is to remove the data points beyond the thre-
shold value as error data points. All optical fiber geometry can be calculated by arbitrary ellipse curve in one-step fitting,
so eliminating the measurement error caused by the center inconsistency between the circle curve fitting and the ellipse
curve fitting. At the same time, because the specific value of the image distribution gray scale is not required when cal-
culating each parameter, the edge data of the optical fiber is used for fitting, thereby the measurement condition is effec-
tively reduced. Taking fiber core data as an example, the data of diameter and ovality measured by the standard instru-
ment are 8.420 um and 0.670%, respectively. When cutting effect of fiber end face or lighting condition is poor, the in-
strument data become 9.436 pm and 2.016%, while the data measured in this paper are 8.804 pm and 0.553%, respec-
tively. Experiment results show that the method can significantly improve the accuracy and precision of the measure-
ment results of instruments.

Citation: Li Y M, Zheng G, Tu J K, et al. Measurement of optical fiber geometry with arbitrary ellipse curve fitting|[J].
Opto-Electronic Engineering, 2019, 46(5): 180319
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