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Fig.1 Schematic of the common-field-of-view imaging system. (a) Principle of the imaging optical path; (b) Schematic of the
measurement experimental setup
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Dual channel Imaging
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Fig.3 Schematic diagram of the indoor experimental measurement setup. (a) Experimental setup; (b) Dual-channel imaging sys-

tem; (c¢) Schematic of camera imaging
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Fig.4 Error statistics of the average drift difference between the calibration and measurement channels under identical tempera-
ture variations: (a) u direction; (b) v direction. Metrics include ME, MAE, and RMSE
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(a) Before correction RMSE = (.704 pixel (b) After correction RMSE = 0.085 pixel
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Fig8 Spatial distribution of residual image—point drift over the full field of view before and after correction.
(a) Residual distribution before calibration;(b) Residual drift distribution after calibration
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FiglO0 Schematic of the outdoor experimental measurement setup. (a) Overview of the measurement system; (b) and (¢) Out-
door camera measurement setup; (d) and (e) show the actual distribution of measuring points and their distribution on the
imaging plane, respectively.
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A Method for Correcting Temperature-Induced Errors in Vision-Based
Measurement Systems

Zhang Qiang'**, Hu Biao"*, Wang Yongwei', Liang Huiping'’, Chen Wenjun'®, Yin Yihe"’,
Liu Xiaolin'?, Liang Zhanyu', Huang Qiahao', Yu Qifeng"’
(1 Shenzhen Key Laboratory of Intelligent Optical Measurement and Detection , Shenzhen University, Shenzhen
518000, China)
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na)
(3 College of Physics and Optoelectronic Engineering , Shenzhen University, Shenzhen 518060, China)
(4 China Communications Second Harbor Engineering Co., L'TD, Wuhan 430048, China)

Abstract: Temperature variation in long—term vision—based measurement systems can cause time-varying
drift of camera projection parameters, leading to image—point instability and degradation of measurement
accuracy. To address this problem, an online correction method for temperature—induced errors is proposed
based on a dual-channel co—view imaging system. The method is designed to suppress thermally induced
image—point drift without relying on external temperature sensors or pre—established temperature—
parameter mapping databases. A compact dual-channel co—view imaging system is constructed by optically
coupling a calibration plane and a measurement plane onto the same image sensor through a beam-splitting
module. Since the two channels share the same imaging lens, sensor, and principal optical path,
temperature-induced perturbations can be treated as highly correlated within a unified imaging model.
Based on the pinhole projection model, a simplified image—point drift model is established by introducing
small perturbations to the intrinsic and extrinsic parameters. Through parameter coupling analysis, the
original model is reduced to a seven—parameter linear form, which is solved online by least squares using
the pixel drift of multiple calibration feature points. The estimated parameter vector is then directly
substituted into the image—point drift model to calculate the thermally induced drift of measurement points,
enabling point-wise correction of distorted image coordinates and recovery of in—plane displacement on the
measurement plane. The effectiveness of the proposed method is validated through controlled indoor
thermal cycling experiments and outdoor long—term monitoring tests. Indoor experiments simulate dynamic
temperature variations within a temperature—controlled chamber, while outdoor experiments evaluate
system robustness under real environmental fluctuations and known displacement inputs. Indoor
experiments demonstrate that camera intrinsic parameters, including principal point and equivalent focal
length, exhibit repeatable periodic drift under temperature cycling. After applying the proposed online
correction strategy, residual image—point fluctuations in both horizontal and vertical directions are reduced
to less than 0.2 pixels, and the overall drift accuracy is better than 0.30 pixels. Statistical evaluation using
RMSE, MAE, and peak error indicators shows that global image-point drift is reduced by more than
87% , with consistent suppression across both image axes. In outdoor long-duration experiments, the
system maintains stable performance under significant ambient temperature variations. For static
measurement points, displacement drift induced by temperature changes is effectively suppressed, with
corrected errors controlled within 2 mm. For controlled displacement tests using a precision translation
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stage, the maximum displacement error is reduced from 1.01 mm to 0.42 mm in the X direction and from
5.42 mm to 0.78 mm in the Y direction, corresponding to a maximum improvement of 90.2%. These
results confirm that the proposed approach remains effective under non-steady thermal conditions. The
proposed dual-channel co-view online correction strategy enables real-time estimation and compensation of
thermally induced projection parameter drift without external temperature sensing or offline recalibration,
significantly enhancing the stability, robustness, and engineering applicability of long—term vision—based
displacement monitoring systems under complex thermal environments.

Key words: vision-based measurement; thermal drift; co-viewing imaging system; online correction;
structural health monitoring
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