Responses to Planet-2025-11-0001
(Original comments are in frames)
Response to the Editor:
... The manuscript presents the first analysis of the optimization of a multi-laser power transmission station network for future lunar missions, exploring the trade-offs between network coverage and cost. The modelling work is solid, and the use of genetic algorithms is novel in this context. It is a well-written, well-structured, and interesting work. I recommend minor revisions to improve clarity and completeness. The manuscript presents the first analysis of the optimization of a multi-laser power transmission station network for future lunar missions, exploring the trade-offs between network coverage and cost. I suggest the following revisions to improve clarity and completeness of this paper. Here are some specific comments, chronologically: …
[bookmark: _Hlk164695188]Responses: Thank you sincerely for your response. Based on your and the reviewers’ comments, we have carefully revised our manuscript and provided point-by-point responses with highlighted color changes in the revised manuscript (in the following pages).

... 1. In Page 6, Line 12-13:
The definition here “w_0 is the beam waist radius at the transmitter (R=0)” is somewhat confusing.
First, R is not defined here, and I suspect it should be z, as per previous notations.
Second, for a collimated laser beam, the beam waist is most likely very close to the transmitter, but not technically at the transmitter – this is determined by the Raleigh range. To avoid confusion, I suggest rephrasing this sentence.



[bookmark: _Hlk209470583][bookmark: _Hlk137851140][bookmark: MTBlankEqn]Responses: First, regarding the notation, we agree that (propagation distance) is the standard notation and should be used consistently instead of . Second, regarding the beam waist location, we fully agree with the reviewer's physical observation that for a strictly collimated beam, the waist location is determined by the Rayleigh range. However, in long-distance free-space optical links—such as those considered in this lunar power beaming scenario—it is common practice to set the beam waist at the transmitter aperture () under the assumption of output-plane collimation. This simplification is widely adopted in laser link budget analyses because it corresponds to a flat wavefront at launch and facilitates analytical tractability. As discussed in Laser Beam Propagation through Random Media, 2nd ed.(Andrews and Phillips 2005), placing the waist at the transmitter is a standard modeling approach for space-to-surface and terrestrial long-range links.
[bookmark: _Hlk216103997]We have corrected the notation and rephrased the sentence in Section 2.2.2 (“Beam Divergence and Geometric Coupling Efficiency”) to explicitly present this as a modeling assumption (On Page 6, Lines 12~15, in the revised manuscript):





where,  is the beam radius at propagation distance ,  is the laser wavelength, and  is the beam waist radius located at the transmitter aperture . In this study, we assume the beam is collimated at the output, such that the beam waist coincides with the transmitter plane(Andrews and Phillips 2005).

... 2. In Page 6, Line 22-23:
First, are there specific reasons or references supporting the assumption that the pointing errors follow a zero-mean Gaussian distribution? If so, it would be helpful to cite them.
Second, it seems that an implicit assumption is that the laser beam is paraxial. Otherwise, the receiver’s field of view would need to be considered. If a paraxial approximation is indeed assumed, I recommend stating this explicitly at the beginning of the modelling section.
Third, since the authors are discussing jitters and misalignments, there might also be sways or displacements on the receiver plane. It may be worth clarifying whether such effects are included or explaining why they are neglected.
Responses: First, regarding the pointing error distribution, we agree that a citation is necessary to justify this assumption. Modeling pointing errors as a zero-mean Gaussian distribution is the standard approach in free-space optical (FSO) communications to describe random perturbations caused by thermal drifts and mechanical vibrations, as established in foundational works such as (Arnon 2003) and (Farid and Hranilovic 2006). 
Second, regarding the paraxial assumption, we fully accept the reviewer's observation. Our model indeed relies on the paraxial approximation. This is physically justified in our lunar scenario because the transmission distances (kilometers) are orders of magnitude larger than the aperture sizes (meters), resulting in extremely small divergence angles. 

Third, regarding receiver sway, we clarify that the RMS pointing error parameters () in our link budget are defined as composite metrics. They encapsulate the aggregate angular uncertainty from both the transmitter's beam jitter and the receiver's platform vibrations (sway) projected onto the focal plane.
[bookmark: _Hlk216352483]We have revised the text in Section 2.2.3 (“Pointing Loss Factor”) to explicitly state these assumptions and definitions (On Page 6, Lines 24~29, 36~38, in the revised manuscript):
[bookmark: _Hlk216352519]It is implicitly assumed that the laser beam propagation is paraxial, which is a valid approximation for long-distance terrestrial and space-based laser links where the ratio of aperture size to distance is small (Andrews and Phillips 2005). (On Page 6, Lines 24~26, in the revised manuscript)
This model assumes that the pointing error follows a zero-mean Gaussian distribution, which is widely adopted in free-space optical links to represent random perturbations caused by platform vibrations, thermal drifts, and control system noise (Arnon 2003, Farid and Hranilovic 2006). (On Page 6, Lines 26~29, in the revised manuscript)
The RMS values are composite and include contributions from both mechanical platform vibrations (jitter/sway) and static misalignment errors projected onto the receiver plane (Arnon 2003). (On Page 6, Lines 36~38, in the revised manuscript)

... 3. In Page 7, Line 16:
Variables in equation 10 are not defined and should be introduced explicitly.
Responses: We have now provided detailed definitions for all symbols appearing in the Mie scattering coefficient formulas (Equation 10), including the complex refractive index, the size parameter, and the specific Riccati-Bessel functions used in the derivation.
[bookmark: _Hlk216105390]We have inserted the following explanatory text immediately after Equation 10 in the revised manuscript (On Page 7, Lines 25~29, in the revised manuscript):









where,  is the complex refractive index of the lunar dust particles, and  is the dimensionless size parameter. The functions  and  are the Riccati-Bessel functions, defined in terms of the spherical Bessel functions of the first kind  and the spherical Hankel functions of the first kind  as:  and , where  denotes the argument. The primes denote derivatives with respect to the argument.

... 4. In Page 7, Line 32:
The variable α in equation 13 is not defined.





[bookmark: _Hlk216105290]Responses: To accurately capture the lunar dust distribution, our model employs a piecewise function with distinct decay rates for the near-surface and high-altitude regimes. Consequently, the general exponent  is represented by two specific parameters:  (for ) and  (for ). We have inserted the following definition in Section 2.2.4 (“Lunar Dust Attenuation”) of the revised manuscript (On Page 8, Lines 6~7, in the revised manuscript):


where,  and  are the power-law exponents governing the vertical decay rates in the near-surface and high-altitude regimes, respectively.

... 5. In Page 8, Subsection 3.1.1:
Normalization of objectives often plays a critical role in genetic algorithms. Given that here F1 is an integer over 1, while the other two objectives are defined as ratios. It may therefore be meaningful to normalize the objectives to avoid scale-related bias, or to comment on why normalization is not required in this case.

Responses: We thank the reviewer for this insightful observation regarding the scale discrepancy defined in Section 3.1.1 (“Cost and Complexity”).While the objectives are indeed defined with different scales in Section 3.1, the optimization solver used in this study (NSGA-II) handles this discrepancy internally during the evolutionary process. Specifically, the Crowding Distance calculation automatically normalizes the objective values based on the range () of the current population (Deb et al. 2002). This mechanism ensures that the selection pressure is inherently scale-invariant and that the integer-based objective does not bias the diversity preservation. To clarify this mechanism for readers, we have added a strict explanation in Section 3.2.1 (“Genetic Algorithm”) of the revised manuscript (On Page 10, Lines 37~40, in the revised manuscript):
It is important to note that to address the scale differences between objectives (as defined in Section 3.1), the standard NSGA-II procedure implicitly normalizes the objective values by the range of the current front during the crowding distance calculation (Deb et al. 2002).

... 6. In Page 16, Fig 6(a):
In Fig. 6(a), there is a Pareto-optimal solution at (0, 0), corresponding to zero sites and zero coverage. While this point is indeed non-dominated in a mathematical sense, it seems to be a degenerate solution without practical relevance. I would suggest either enforcing a minimum number of sites in the MOGA or filtering out such trivial solutions from the presented Pareto front to avoid confusion.
Responses: The solutions with 0 sites and 0 coverage are mathematically non-dominated but operationally trivial and offers no value to mission planning. Following the reviewer’s suggestion, we have filtered out this degenerate solution from the result visualization to avoid confusion and focus on practical deployment configurations. We have removed the data point corresponding to “0 sites” and “0 coverage” from Fig 6(a) and 6(b) in the revised manuscript. Additionally, we have added a specific explanatory note in Section 4.2.2 (“Analysis of MOGA Optimization Results”) (On Page 17, Lines 9~11, in the revised manuscript):
Note that trivial solutions corresponding to zero deployed sites (zero cost, zero coverage) were filtered from the final Pareto front analysis to focus on operationally viable configurations.



We would like to once again express our sincere gratitude to the editors and reviewers for your valuable comments and suggestions. We hope that these revisions meet the publication requirements of the journal, and we look forward to your final decision.
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