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Abstract.  An experimental method and reconstruction arithmetic of temperature field are proposed. 

The fast Fourier transform followed by a digital low-pass filter and the inverse Fourier transform 

were applied to interference fringes for removing speckle noise, so that airflow field phase 

information is in high-contrast and low noise. Phase was unwrapped to calculate phase difference. 

The temperature distribution was obtained by the relation between phase and refractive index. The 

results are consist with the values measured by thermocouple. It is shown that the digital holographic 

interferometry is an effective method for measuring temperature field,so that the measuring precision 

can be greatly improved.  

Introduction 

Digital holography is a novel imaging technique of optical holography, computer image processing 

and electronic record combination. It has the advantages of digital processing, quantitative analysis 

of phase field and real-time, and has become a research hotspot in the field of optical information 

processing. With the appearance of high-performance CCD and the rapid development of computer 

technology, digital holographic interferometry shows more powerful vitality. Real time digital 

holographic interferometry has the advantages of full field, no interference, non-contact, high 

measurement precision and 3D visual measurement. Some domestic and foreign scholars have done 

a lot of work in this field and have made great progress. The application of digital holography has 

been extended to the particle field measurement, shape measurement, vibration measurement, 

physical properties of materials testing, biological detection etc. But in actual measurement, the 

measured physical quantities are recorded in the form of interference fringes. How to extract the 

measured data from the interference fringe image is a difficulty to restrict the development and 

application of digital holography[1-3]. 

Digital holography is applied to the temperature measurement of gas flow field in this paper. The 

corresponding temperature distribution  are extracted from the fringe pattern of temperature field. In 

the actual temperature field measurement, many objects can be equivalent to two-dimensional 

axisymmetric distribution, such as internal combustion airport, combustion field, aircraft flow field, 

etc[4,5]. Therefore, it is of practical significance to study the measurement of the two-dimensional 

axisymmetric temperature field. 

Measuring principle 

Digital holography inherits the basic idea of ordinary optical holography[6]. The biggest feature is to 

replace CCD as holographic recording medium. The recorded holograms are stored in the computer 

after digital processing, and then to the digital Fourier transformation replaces optical diffraction to 

achieve record field reconstruction. Through the Fourier transform of the recorded hologram intensity 

distribution, the spatial spectrum distribution is obtained. If a coherent plane wave through a medium 

temperature fluctuation space, the optical transmission medium will carry information by irradiation 

area temperature distribution. The complex amplitude distribution of the light wave passing through 

the temperature field can be reproduced when the hologram recorded the temperature field varies at 

different time[7,8].  

Assuming that the complex amplitude distribution of the light wave before temperature field 

changes:  

 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

Copyright © 2017, the Authors.  Published by Atlantis Press. 360

Advances in Engineering Research (AER), volume 131
3rd Annual International Conference on Electronics, Electrical Engineering and Information Science (EEEIS 2017)



 

                                                       (1) 

In the formula(1),the  is the amplitude distribution ,and the is phase distribution. 

When the temperature field changes, the refractive index distribution of the medium changes, so that 

the phase distribution of the light wave is changed, but the amplitude generally does not change. 

Therefore, the complex amplitude distribution of the light wave can be expressed as:  

                                                     (2) 

The two holograms recorded before and after the temperature field are added together, and then 

the digital Fourier transform and the filtering process are used to reproduce the complex amplitude

 and .The expression of superposition intensity distribution is expressed as : 

                       (3) 

The formula shows that if the two temperature fields are different, the interference fringes will 

appear in the reconstructed intensity distribution image.  

The interference fringe is transformed by Fourier. The +1 level spectrum is extracted with the 

design suitable digital low pass filter, and then transformed by inverse Fourier transform, and then 

the unwrapping phase is processed. The true reflection of wave shape deformation can be got. 

If there is the shape of the wavefront deformation by the flow field, the phase change value   

of the measured object wave at certain position can be obtained: 

                                                         (4) 

In the formula (4),the L is the length of the test section, the   is the original refractive index 

distribution to be measured. The
 
is the refractive index distribution of the measured 

temperature field after the phase change. 

By means of mathematical inversion of the formula (4), the refractive index distribution in the 

measured temperature field can be determined . 

To the uniform and transparent media field, It can obtain that the refractive index is a function of 

medium density according to the classical electrodynamics knowledge. That is G-D formula: 

                                                                 (5) 

In the formula (5),the is the medium density, the K is a G-D constant[9]. 

Pressure is generally considered to be constant in the temperature distribution of gas flow field, 

and its density and temperature are similar to the state equation of ideal gas: 

                                                                  (6) 

In the formula (6),the P is the gas pressure, the T is the temperature, the M is the gas molecular 

weight, the R is the gas constant. 

In the temperature distribution test of the gas flow field, the refractive index change of gas 

disturbance is obtained by the interference fringes. The relationship between the refractive index and 

temperature is derived from the formula (6) and formula (7). 

                                                                (7) 

The change between temperature and refractive index can be obtained: 

                                                           (8) 
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The formula (8) reveals the relationship between the refractive index and temperature field, which 

is the theoretical basis for measuring the temperature of the digital holographic interferometry. 

Experimental apparatus and results 

The experimental light path is shown in Figure 1. The laser beam emitted by He-Ne laser, which is 

divided into two beams by the BS1.A beam of light passes through the temperature field to be 

measured, and then the light is projected onto the CCD light sensitive surface by the total reflection 

mirror M1 and the beam splitter mirror BS2.A The other beam is projected on the CCD light sensitive 

surface by the total reflection mirror M2 and the beam splitter mirror BS2 as the reference light. The 

reference light and the object light are adjusted to a certain angle by the beam splitter mirror BS2 to 

form an interference pattern on the CCD photosensitive surface. The CCD resolution is 795 × 596 

array. The pixel size is 0.010 mm×0.0108 mm. 

 
The measured temperature field is an air temperature field which is formed by the hot wire with 

current. In the experiment, the temperature field is kept stable, so the temperature field has axial 

symmetry. A sequence of interference patterns are collected, as shown in Figure 2. This set of 

interference patterns reflects the change of the temperature around the object. The local temperature 

is the same refractive index, and the optical path is the same. So each fringe is an isotherm. The 

distribution of interference fringe pattern is only determined by the phase distribution of the 

temperature change object wave. The phase difference of each point can be directly obtained by using 

the formula (7) and the formula (8).So that the temperature of the each pixel space position in the 

field can be calculated accurately. 

 

Data extraction and verification of interference fringe pattern 

The interference fringe images were transformed by Fourier transform. The +1 spectrum were 

extracted by the suitable digital low-pass filter. The wrapped phase map as shown in Figure 3 can be 

got by the inverse Fourier transform .The wrapped phase is performed by the means of the authors in 

the literature [10], as shown in Figure 4. 
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Fig. 1 Experimental setup for digital holographic interferometry 
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Fig. 2 Experimental results of digital holographic interferometry 

（a）t=10s （b）t=20s （c）t=30s （d）t=40s 
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The laser wavelength is , and the ambient temperature is 18.5 . The temperature 

distribution is obtained by the formula (8) as shown in Figure 5. Because of the frequency domain 

filtering in phase extraction, the speckle noise and other high frequency noises are naturally processed, 

so the method has the ability of anti noise. 

 
In order to verify the correctness of real-time digital holography measurement results, we keep the 

whole experimental device not to move, and return to the initial state of the environment. The 

thermocouples temperature is fixed at the distance of 10 mm from the resistance wire. Respectively, 

at 10 s, 20 s, 30 s, 40 s, the measured results were 23.3 , 29.6 , 40.1 , 52.3 . Consistent 

with the proposed method, the temperature field of digital holography is an effective method. 

Conclusion 

In this paper, the digital holographic interferometry is introduced into the measurement of airflow 

temperature field. The relationship between the phase of the optical field, the refractive index of the 

gas flow field and the temperature of the air flow field is analyzed. The phase distribution of the light 

field is obtained from the interference fringe by Fourier transform, and the temperature distribution 

of the airflow field is obtained quantitatively. The holographic measurement results are in agreement 

with the actual temperature. The method provides an effective means for measuring temperature field. 

The method not only makes the invisible temperature field appear on the computer in the form of 

interference fringe image, but also has the advantages of real-time observability, high measurement 

accuracy, no interference and good development and application prospect. 
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Fig. 3 Wrapped phase distribution 

（d）t=40s 

Fig. 4 Unwrapping phase distribution 
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Fig. 5 Temperature distribution 
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