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Abstract: To mitigate measurement errors induced by illumination variations in precision image measure-
ment, an error compensation model is proposed based on multidimensional grayscale features extracted via
the Segment Anything Model (SAM) and fitted using a Whale Optimization Algorithm-optimized Radial
Basis Function (WOA-RBF) neural network. A mathematical model describing illumination-induced
edge shift is established to characterize the nonlinear effects of light intensity and surface scattering proper-

ties on measurement accuracy. Leveraging SAM's zero-shot segmentation capability, average grayscale
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values from heterogeneous material regions are automatically extracted as multidimensional feature inputs
to represent complex image characteristics. The WOA is employed to optimize the parameters of the RBF
neural network, enabling accurate compensation of edge shift errors. Comparative experiments on chromi-
um-zirconium-copper fixture measurements, benchmarked against one-dimensional linear fitting, GA-
LSSVM, and SVR methods, demonstrate that the proposed model achieves an RMSE of 2. 07 pm, an
MAE of 1. 73 pm, and an R? of 0. 99 (with the Zernike moment sub-pixel algorithm as a representative
case). Consistent accuracy and strong robustness are observed across various sub-pixel edge detection al-

gorithms, indicating that the proposed approach provides an effective solution for illumination-induced er-

rors in precision image measurement.

Key words: computer vision; edge detection; error compensation; segment anything model; whale opti-

mization algorithm ; radial basis function neural network
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Fig. 1 Flowchart of grayscale-error dataset acquisition
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Fig.2 WOA-RBF neural network compensation model
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Tab.1 Comparative test result for Zernike subpixel

Error compen- MSE/ RMSE MAE/ . PR/

sation method pm® /pm pm %

Linear 157.20 12.53 10.53 0.50 20.4
GA-LSSVM  82.75 9.09 7.23 0.73 42.1
SVR 139.29 11.80 5.62 0.61 83.4

WOA-RBF 4.28 2.07  1.73 0.99 100

%2 Franklin TR ERTLERGER

Tab.2 Comparative test results for Franklin subpixel

Error compen- MSE/ RMSE MAE/ R PR/
sation method ~ pm’ /pm pm %

Linear 230.41 15.18 12.54 0.51 16.5

GA-LSSVM  103.62 10.17 7.98 0.77 37.7
SVR 84.34 9.18 5.63 0.83 76.4
WOA-RBF 4.24 2.06 1.51 0.99 98.1
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Tab.3 Comparative test result for Gaussian fitting sub-

pixel edge detection

sation method ~ pm’ /pm /pm %
Linear 90.45 9.51 8.03 0.56 28.2
GA-LSSVM  40. 32 6.35 4.85 0.79 58.7
SVR 25.56 5.05 3.69 0.87 §89.2
WOA-RBF 1.28 1.13 0.81 0.99 100.0

Error compen- RMSE MAE R PR/

R4 BERTERAOXMNIEIEER
Tab.4 Comparative test results for interpolation-based

sub-pixel edge detection

Error compen- MSE/ RMSE MAE

. R* PR/%
sation method ~ pm’ /pm  /pm

Linear 87.46  9.35 7.71 0.54 25.5
GA-LSSVM 40.23 6.34 4.95 0.79 62.2

SVR 16.91 4.11  3.03 0.91 88.9
WOA-RBF 2.49 1.58 1.15 0.99 100.0
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Fig.8 Scatter plot comparing predicted and actual values of Franklin subpixel
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Fig. 10 Scatter plot comparing predicted and actual values of interpolation-based sub-pixel edge detection
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