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Research on sub-pixel positioning and detection accuracy of optical interference
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Abstract: The precision of fringe location in optical interferometric methane detectors and environmental factors are im-
portant factors affecting the accuracy and stability of methane concentration detection. To improve detection accuracy, a

sub-pixel fringe location method combining Gaussian filtering and Gaussian fitting was proposed. Firstly, a two-dimen-
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sional Gaussian filter was designed for the optical interference image, and the optimal value of ¢ was obtained through ex-
periments; secondly, the filtered color image was converted into a grayscale image, and the average grayscale values were
taken column by column to obtain one-dimensional discrete grayscale distribution data. The peak position of the zero-or-
der interference fringe is obvious and follows a Gaussian distribution. The peak position of the zero-order fringe was pre-
liminarily determined by the maximum value method, and then 10 points were taken on both sides of the peak position. A
one-dimensional Gaussian curve fitting was performed on the 21-point data using the least squares method to achieve sub-
pixel level location of the zero-order fringe, and a calibration curve between methane concentration and fringe displace-
ment was established. To improve system stability and reduce errors caused by environmental factors, a background differ-
ence zero-point compensation method was proposed. The relative displacement of the zero-order fringe was calculated us-
ing the initial fringe position to correct the calibration curve. The zero-order fringe positions of 11 sets of experimental
data were calculated using two combinations of Gaussian filtering, mean filtering, wavelet filtering with Gaussian fitting,
centroid method, and interpolation method. The experimental results show that the method using Gaussian filtering and
Gaussian fitting for positioning has the smallest average standard deviation of positioning, which is 0.066 6, and the de-
termination coefficient R2 of the calibration curve fitting is above 0.98, with Gaussian filtering and Gaussian fitting being
the highest, reaching 0.9999. After zero-point compensation of the calibration curve of Gaussian filtering and Gaussian fit-
ting, the maximum error of cross-validation for methane volume fraction from 0~1% is 0.054%, which is reduced by
0.117% compared to before zero-point compensation; within the range of 1~10% methane volume fraction, the maximum
error is 0.075%, meeting the requirements of the MT28—2005 standard. Therefore, the zero-order fringe location method
based on Gaussian filtering and Gaussian fitting has high positioning accuracy, which can improve the detection accuracy
of methane detectors; the background difference method can eliminate zero-point drift, improve system stability, and meet

the detection accuracy requirements of the MT28—2005 standard for methane detectors.
Key words: methane detection; light interference; zero level stripe positioning; Gaussian fitting; zero point compensa-
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Fig.1 Schematic of the working principle of the optical interferometric methane detector
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Fig.2 Interference fringe intensity distribution
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Fig.3 Zero-order fringe localization results
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Fig.4 Zero-order fringe localization at different methane

volume fraction
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Table 2 Mean square error of fringe localization for 30

images in 3 groups at different o values

c 41 22 43
0.1 0.090 7 0.0542 0.104 1
0.2 0.0907 0.0542 0.104 1
0.3 0.0907 0.0542 0.104 1
0.4 0.1010 0.056 2 0.080 6
0.5 0.0909 0.0359 0.0751
0.6 0.0708 0.0214 0.062 4
0.7 0.0450 0.075 4 0.063 9
0.8 0.040 8 0.0122 0.0537
0.9 0.043 4 0.0122 0.0490
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Fig.6 Calibration curves fitted by different fitting methods

£3 ARAETHERFEEM TR MEES
Table 3 Average standard deviation of zero-order fringe

localization using different methods

v 2 /N U 2 A7 45 SR T A v, Bl Rl 284
(B S IR B AT . e e 2wl il S e
LA E O AL A 15 B B T HARBCE AR fE2Z /N,
0.066 6., FHIFI LA ELL 75T, 1 Brig I R i
U, U BH PG (R W 7 3 A B INASE G v 387 0 A R
FERATR A UGB 7R, = Bl 58 A 1) P X v 2 I
AN, DR

DA 3 FhUE U ik 3 FhE i ik AL, 155
BB BT MF R IR B, il LA 155 9
HbrE thd, K 6 iim. mE 6 ATLUE H, RIEJy
Dbt ARRIA 3, £ CH, BB 1k
(e SO A AR AR A o SR RPR B, (R [R T
TR 22 AR, I TS [A) J A A BB IS 11 R
P B IR AR A R AL BT 3. 9 At ik iy ok
TERBR WLAZ 3 P, /N g I O vE A A O
AU E B R R 0981240, Hifth 7 gy R* ¥ 1

A GRS EHHIERES
T 0.066 6 0.8317 0.386 0
PI(E IR 0.068 7 1.003 2 0.4156
IINE R 0.774 1 13509 0.892 8

30 32 07 v S I A v T SR, X 10 4K
AT AE B, Ife ] T hn g Lk, niE 7 PR, i —
ot e, tHE AR #REE . k2 FE RER,
SERGCBTAER 4. 3R 4885 R, i e i
R ZEHRAE AL, e RECR F(E R # &, 16 IH £k
P SRR G B EAE R LTS . ok, gl g Rt
RYNFIRZEYINT 0.2%, HE— L I0UFE T RaUi i -
IR B AL Z [ () — Bk o SRAT, AREE 1 fe K 4 vt
WR2EIRENT 30%, iX 5 RN 5 F A A 1 PR5E 5%
A
3.3 CH, kRO FNRE S

FEEAT GV X o 0 5 4 4 R 1 0 1R 2 4
Bk, R4 SCHk[1 713 AL bR e, DL 5 BR, nTLIAR
PHIAS [ (R AR R s L e X 8 1 2R o ir 22 5+,
4N, 78 0~ 19%CH, 53800 Bl N, 4651 15% 22 i bR
HEBE N£0.05%. Bl CH, (RFR B0, feide ik
K R 2V A BT 5, W3k 6.

RIHAAR S B0RE VRS FE R R IR A RS e T, AR S
BT 2 AR IRINR 22T



390 # %

F #®

2025 4F55 50 4

CH, AT %0/%

130 140 150 160 170 180 190 200
FYLR BN E MG R
BT g minE 20 10 2140 2k

Fig.7 Ten fitting curves of Gaussian filtering +

Gaussian positioning

F4 AEFETHEEDEFBSHUERERY
Table 4 Determination coefficients of linear regression fits

for different methods

Fik =R e<y LT A ENL
T E 0.9999 0.998 1 0.999 6
BIE IR 0.999 8 0.9977 0.999 4
IINEUE I 0.995 1 0.9812 0.998 5
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Table 5 Linear regression line parameters of ten sets of

Gaussian filtering-Gaussian fitting

AR R R B2 R?
1 0.142 981 —19.0165 0.087 0.999 981
2 0.143 372 —18.9105 0.455 0.999 717
3 0.143 584 —18.8887 0.095 0.999971
4 0.144 614 —19.1594 0.057 0.999 991
5 0.144 659 —19.0918 0.093 0.999 981
6 0.144 928 —19.1991 0.082 0.999 983
7 0.142 847 —18.728 5 0.074 0.999 988
8 0.144 604 —19.1723 0.129 0.999 964
9 0.144 376 —19.0105 0.086 0.999 983
10 0.144 663 —19.1171 0.071 0.999 987
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Fig.8 Prediction errors for the same time period
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