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Abstract The precision measurement of the temperature field is of great significance in many fields, such as
machinery, aerospace, biomedicine, food and chemical engineering, electric power, energy, and environment. A
three-dimensional temperature field measurement method based on multi-step phase shift method and polarization
interference optical tomography optical path is proposed. First, the polarization interference optical tomography
measurement system is designed by combining the Mach-Zehnder interference optical path structure and optical
tomography technology, and the multi-step phase shift is realized by using the rotation of the polarization device to
achieve high-precision signal detection. Then, the three-dimensional refractive index distribution of the measured
medium is restored by the exponential filtering backprojection algorithm, and the three-dimensional temperature
field distribution is obtained. Finally, the measurement formulae are derived and the experimental system is built.

The error analysis shows that the system measurement uncertainty is about 0.8 °C under the existing experimental
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conditions. The measurement experiment and comparison results show that the measured temperature field is

consistent with the actual situation, and the result is less than 2 °C compared with the calibration temperature of the

platinum resistance thermometer.
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Fig. 1 Schematic diagram of measuring light path for laser phase shift polarization interference tomography
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Fig. 2 Schematic diagram of rotation of measuring area
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Fig. 3 Physical diagram of experimental system. (a) Measuring optical path system;

(b) temperature field calibration device
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Table 1  Temperature calibration data of measured temperature field

Mark point No. Temperature /C Mark point No. Temperature /C Mark point No. Temperature /°C
1 66. 694 7 62.197 13 58. 846
2 66. 105 8 61.755 14 58. 407
3 65.262 9 61. 346 15 57. 883
4 64. 225 10 60. 681 16 57.492
5 63.774 11 59.904 17 56. 811
6 63.299 12 59.597 18 56.572
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Fig. 4 Interference patterns at different rotation angles of polarizer. (a) —=n/2; (b) —x/4; (¢) 0; (d) n/4; (e) n/2
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