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We are very grateful for your comments on the manuscript. This is a response letter about “Improvement of pBRDF model for target surface based on diffraction and transmission effects”. We have revised the original manuscript according to your kind advice and detailed suggestions. The manuscript is resubmitted, and we wish it could be reconsidered for publication in “Remote Sensing”.  
Below is the response to the Reviewer’s advice and detailed suggestions. The reviewers’ comments and our replies are listed, respectively. The corrections are red marked and underlined in the revised manuscript for easy check purposes. 
If there are other needs, please feel free to inform us. 
Thank you very much! 

Best regards! 
Yours sincerely, 

First author: Qiang Fu
Corresponding author: Qiang Fu



















1. The manuscript lacks a thorough discussion of the limitations and potential challenges of the proposed pBTDF model.
Response: Thanks for reviewer’s comment. According to reviewer’s suggestion, following comments have been added in Line 487.

The proposed pBTDF model can provide a more accurate theoretical basis for the study of target surface polarisation properties, but it still has limitations and potential challenges. For some strong scatterer materials, the use of a simple single spherical particle scattering superposition does not answer the question of multiple scattering in strong scatterers, and the modelling of multiple scattering effects is still needed for this type of material. Second, the specular reflection part can be accurately represented by Fresnel's formula, but for the non-specular reflection part, that is, the part that cannot be accurately described by Fresnel's formula, only the primary reflection of the specular micro-element is considered; there is no description of the multiple reflection effect. Therefore, it is necessary to model the multiple reflection effect in subsequent research to further improve the accuracy of the model.


2. The statistical significance of the observed reduction in relative intensity errors and DOLP should be further analyzed and presented.
Response: Thanks for reviewer’s comment. According to reviewer’s suggestion, following comments have been added in Line 475.

The study of polarisation characteristics of target surfaces is of great importance in the fields of polarisation detection and polarisation remote sensing. Using the target polarisation characteristic model, the accuracy of polarisation detection can be improved, and it has high application value in scenarios such as military stealth target detection, atmospheric transportation, and computer vision. Compared with the traditional P-G model, both the intensity and the accuracy of the proposed model of DOLP are improved by a large percentage. In practical applications, the model has higher sensitivity to coated materials or materials with strong light transmission, which can provide better discrimination and identification capabilities and a good basis for material detection. The model also provides rigorous theoretical support for the study of target surface polarisation characteristics and can be applied to the software system of target surface polarisation characteristics measurement devices such as ellipsometers.



3. The clarity of the presentation could be improved in certain sections, particularly in explaining the theoretical derivation of the internal intrinsic properties affecting the polarization characteristics.
Response: Thanks for reviewer’s comment. According to reviewer’s suggestion, following theoretical derivation have been added in Line 315.


The improved model based on transmission and diffraction effects mainly consists of three parts: specular reflection, transmission, and diffraction, which are treated separately in the study to obtain the expressions for the intensity part of the pBTDF model as follows:
	
,
	(20)





where ,  and  denote the coefficients of the specular reflection, transmission, and diffraction components, respectively.
Substituting Eq. (7), Eq. (16), and Eq. (18) into Eq. (20), respectively, we get
	
.
	(21)



For the DOLP section:
Because the Mueller matrix is a 4×4 matrix, but the circular polarisation component is small and usually neglected in the study of polarisation properties, the incident light and pBTDF matrix can be downscaled after neglecting the circular polarisation component. Therefore, Eq. (21) can be converted into a 3×3 matrix form with the following expression:
	
.
	(22)


In the case where the incident light is 0° linearly polarised, the incident light is expressed in terms of the Stokes vector as, and the reflected light Stokes vector is obtained with the following expression:
	

	(23)


Then, its simplified expression for DOLP is as follows:
	
.
	(24)


Writing Eq. (25) in Mueller's form, the expression of Eq. (24) becomes:
	
.
	(25)


Substituting the elements of the Müller matrix into Eq. (25), the expression for the DOLP part of the pBTDF model is obtained as follows:
	
.
	(26)






4. Authors should write shorter sentences. As in the case of abstract “In this paper…..”.
Response: Thanks for reviewer’s comment. We have fixed the grammatical errors and typos throughout the article.




5. Introduction must be written in a clearer way.
Response: Thanks for reviewer’s comment. According to reviewer’s suggestion, following comments have been added in Introduction.

1. Introduction
The asymmetry of the vibration direction of light with respect to the propagation direction is called polarisation and is the most obvious marker that distinguishes transverse waves from other longitudinal waves. During the propagation of light, different targets exhibit different polarisation properties according to their different properties [1-3].
The Bidirectional Reflectance Distribution Function (BRDF) describes the distribution of incident light in each of the outgoing directions after reflection from a given surface, and a great deal of BRDF research has been conducted worldwide since the 1980s, with significant progress being made [4-6]. Early studies focused on model simulation software for the polarisation properties [7]. With the accumulation of data and advancement of knowledge, researchers have begun to study incident light in depth, the mechanism of reflected light generation, and inversion studies of target parameters [8,9].
To be able to reflect the polarisation characteristics of the reflection from the surface of the object, the polarised BRDF (pBRDF) model is introduced, which is a more general form of BRDF with expressions similar to BRDF; however, the scalar values in the expressions of BRDF are changed to vector values. Since 2000, scholars have gradually extended and improved the pBRDF model [10-12]. However, there is still a lack of studies to model typical coating materials based on diffraction and transmission effects as the theoretical basis. Priest of the US Naval Laboratory successfully incorporated the traditional Torrance-Sparrow model (T-S model) in the same year after coupling it with Mueller matrix polarisation [13]. 2000's Priest and Germer used the T-S model as the base model and formally published the first strict pBRDF model, the Priest-Germer (P-G) model [14].
The traditional P-G model still has incomplete parts: it is based on the combination of specular micro-elements, which need to have a scale much larger than the wavelength; this means when the scale of the specular surface is smaller or comparable to the wavelength, the phase relationship between photons will change randomly because of the diffraction effect, and this random change of phase will lead to the reduction of Degree of Linear Polarisation (DOLP). The transmission effect is a phenomenon that causes the light to rotate relative to the original specular reflection direction because of the presence of either a curved or convex target surface shape. For the diffused-reflection type photons, each bump on the target surface can be regarded as a combination of numerous mirrors and a rearrangement of mirrors according to the transmission effect. Both effects cause changes in the polarisation characteristics of the target surface; thus, in this study, we aimed to improve the traditional P-G model for diffraction and transmission effects and propose a new model with higher accuracy and better applicability.
The nonlinear least squares method is used to invert the parameters of the target to find the best combination of parameters that minimises the standard deviation between the experimental measurement results and the model simulation results. The best parameters obtained from the inversion are then substituted into the model, and the fitting degree of the measured and simulated data of the traditional P-G model and the improved model are compared. The results show that the relative error of the improved intensity model can be reduced by more than 42.8% compared with the P-G model, and the relative error of the improved DOLP model can be reduced by more than 16.83% compared with the P-G model, which proves that the improved model has higher accuracy. This can provide a theoretical support for analysing the polarisation characteristics of a target surface.



6. Lots of typographical mistakes are preset for, eg. In lines 47 and 114, “the photons and the photons,”.  In line no 119, the end of the sentence is missing
Response: Thanks for reviewer’s comment. We have fixed the grammatical errors and typos throughout the article.





7. What is the significance of E in equation 6, authors must include the term's relevance in the text and how it affects the study.
Response: Thanks for reviewer’s comment. In the pBRDF model, the expression of each effect in the model is the product of the coefficients of that part and the intensity distribution. When the diffraction effect occurs, the intensity distribution on space, i.e., the light field distribution E, is superimposed by each micro-element because the phase relationship between photons changes randomly. Eq. (6) responds to the light field superposition pattern at a point in space, i.e., the intensity distribution. The intensity distribution of the diffraction effect on space can be derived from Eq.(6), and then the model component based on the diffraction effect can be deduced.
  The text does suffer from a lack of clarity in its description. We change the light field distribution to the intensity distribution and the phase superposition of the light field to the phase superposition of the intensity, which can be easily understood.


According to reviewer’s suggestion, following comments have been added in line 166.


At any point in the upper hemisphere space is the effect of a phase-coherent superposition of the light intensity of the undulating surface of the material. Without considering the effect of the phase angle because of the angle of the incident and reflected light, the distribution of the intensity in the upper hemisphere space can be seen as a superposition effect per micro-element [17]; at an observation point  the phase superposition of the intensity is as follows:
	
.
	(6)


In the pBRDF model, the expression of each effect in the model is the product of the coefficients of that part and the intensity distribution. When the diffraction effect occurs, the intensity distribution on space, that is, the light field distribution E, is superimposed by each micro-element because the phase relationship between photons changes randomly. Eq. (6) corresponds to the light field superposition pattern at a point in space, that is, the intensity distribution. The intensity distribution of the diffraction effect on space can be derived from Eq. (6), and then the model component based on the diffraction effect can be deduced.
When the wavelength is 500 nm, the sampling interval is 200 nm, and the maximum peak and valley values of the surface undulation are 50 nm, 500 nm and 2μm, the intensity distribution on the near-surface is shown in Figure 3.
[bookmark: _GoBack]


8. Overall, authors must proofread the complete manuscript to avoid grammatical and typographical mistakes
Response: Thanks for reviewer’s comment. We have fixed the grammatical errors and typos throughout the article.
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