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Abstract The analysis on the seawater refractive index which increases the error of oil film thickness
measured by differential laser triangulation are taken to discover the relationship between the change of
refractive index and error. Accordingly a method based on two—dimensional curved surface fitting is proposed
to compensate the error. The data of thickness are measured in the water of different refractive indexes and
the quadratic polynomial curved surface fitting is adopted to formulate the error, thickness and refractive
index. Then the measurement of thickness is compensated by using the above the formula and the refractive
index. The experiments taken on different refractive indexes show the thickness measurement compensated is
closer to the true value and the error is minimized.
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Fig.1 (a) Schematic of oil film thickness measurement; (b) schematic of lower optical system imaging
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Fig.2 System of oil film thickness measurement by differential laser trigonometry
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Table 1 Calibration original data of lower optical system (unit: mm)

d, 0.300 0.500 1.000 1.900 2.900 3.900 4.900 5.900 6.900 7.900 8.900
h, 0.695 1.168 2.187 4.129 6.224 8.284 10.256 12.245 14.109 16.087 18.002
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Table 2 Different thickness gauge block measurement results under different refractive indexes (unit: mm)

) Refractive index
Nominal value

1.3365 1.3469 1.3580 1.3704 1.3793
0.000 T -0.115 -0.421 -0.741 -1.142 -1.344
(reference position) AE -0.115 -0.421 -0.741 -1.142 -1.344
T 1.879 1.534 1.207 0.813 0.589

2.000 AE -0.121 -0.466 -0.793 -1.187 -1.411
RE/% -6.1 -23.3 -39.7 -59.4 -70.6

T 3.875 3.516 3.128 2.750 2.467

4.000 AE -0.125 -0.484 -0.872 -1.250 -1.533
RE/% -3.1 -12.1 -21.8 -31.3 -38.3

T 5.883 5.501 5.113 4.657 4.406

6.000 AE -0.117 -0.499 -0.887 -1.343 -1.594
RE/% -2.0 -8.3 -14.8 -22.4 -26.6

T 7.865 7.477 7.088 6.680 6.340

8.000 AE -0.135 -0.523 -0.912 -1.320 -1.660
RE/% -1.7 -6.5 -11.4 -16.5 -20.8
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Fig.3 Curves of absolute error with the thickness and refractive index. (a) Thickness; (b) refractive index
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Table 3 Thickness in different salt solutions of the lower optical system (unit: mm)

Refractive index

Nominal value Mean absolute error
1.3389 1.3450 1.3550 1.3656 1.3737

T 0.225 0.045 -0.263 -0.557 -0.807 -

0400 AE -0.175 -0.355 -0.663 -0.957 -1.207 -0.671
T 1.201 1.027 0.695 0.408 0.142 -

1400 AE -0.199 -0.373 -0.705 -0.992 -1.258 -0.705
T 3.199 3.014 2.681 2.348 2.071 -

3400 AE -0.201 -0.386 -0.719 -1.052 -1.329 -0.737
T 5.205 4.98 4.645 4.266 4.000 -

2400 AE -0.195 -0.420 -0.755 -1.134 -1.400 -0.781
T 7.227 6.976 6.613 6.259 5.958 —

7400 AE -0.173 -0.424 -0.787 -1.141 -1.442 -0.793
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Table 4 Compensated results by quadratic polynomial surface fitting (unit: mm)

Refractive index

Nominal value Mean absolute error
1.3389 1.3450 1.3550 1.3656 1.3737
0.400 T 0.407 0.414 0.401 0.398 0.358 —
’ AE 0.007 0.014 0.001 -0.002 -0.042 -0.004
1,400 T 1.394 1.413 1.383 1.398 1.348 —
’ AE -0.006 0.013 -0.017 -0.002 -0.052 -0.013
3.400 T 3.409 3.428 3.415 3.401 3.354 —
’ AE 0.009 0.028 0.015 0.001 -0.046 0.001
T 5.422 5.412 5.415 5.373 5.351 —
5.400
AE 0.022 0.012 0.015 -0.027 -0.049 -0.005
T 7.443 7.418 7.410 7.413 7.370 —
7.400
AE 0.043 0.018 0.010 0.013 -0.030 0.0108
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