


Fig. A3 shows the visual examples of range space content estimated by our method. The outputs
from SVDeconv exhibit high visual consistency with the ground truth, as highlighted in the green
boxes, in contrast to those from FlatNet. FlatNet alters the original scene’s content and introduces
incorrect high-frequency details. Conversely, our method preserves only the low-frequency content
in the range space, aligning closely with the original ground truth.

C Training Target for the Null-space Diffusion Model

In section 6, we establish that the goal articulated in Eqn. (7) corresponds directly to the optimization
objective described in Eqn. (8) used for diffusion training. We provide a detailed derivation to support
this equivalence.

Diffusion models [32] can be characterized by a signal-to-noise ratio defined by two sequences
()L, and (0y)7_,. Given a data sample X, the forward diffusion process ¢ can be expressed as:

q(x: | x0) = N(x¢ | awxo, 071), (A3)
where A denotes the normal distribution.

The Markov property of the diffusion is given as:
Q(Xt ‘ Xs) = N(Xt | Oét|5X5,0't2|SH), (A4)

for s < t, with:
at 2 2 2 2
a)s = — and 03, = 0p — aj),0%. (AS)
Qs
Given x; = ayXg + o€, and a range space condition ¢ = ATAx, the diffusion output X can be

modeled by X = x¢(x¢, c,t). To ensure reconstruction consistency such that A(X — xg) = 0 in
Eqn. (7), the optimization objective is defined as:

InainExo,t,c,ENN(O,l) [”A(LI}@(Xt, c, t) - XO)H%] . (A6)

Following previous work [12], we employ the reparameterization of the reconstruction term as a
denoising objective:

— t
Eg(Xt,C,t) _ Xt Oétl(;e(XmQ )’ (A7)
t

to minimize:
mein Enull = Exo,t,c,ew./\/((),l) “|A(€9 (Xtv C, t) - 6) H%} ) (AS)

which is exactly the Eqn. (8).

Due to the substantial computational cost associated with simulating the transfer matrix A, an
alternative optimization objective can be employed in practice. Specifically, we can approximate the
goal described in Eqn. (8) using the following optimization formulation:

Inoin £nullapp = IExo,t,(:,sw./\f(O,l) [H(GO(XTH C, t) - E)H%] . (A9)

D Qualitative Results

We present additional qualitative results demonstrating the superior performance of our methods in
Fig. A4 for the PhlatCam dataset and in Fig. A5 for the DiffuserCam dataset.
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Figure AS: Qualitative comparison between our method and others on the DiffuserCam dataset.
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E Broader Impacts

Lensless imaging algorithms represent a significant advancement in camera technology, offering both
promising benefits and potential drawbacks for society. On the positive side, these algorithms facilitate
the development of cameras that are smaller, lighter, and more energy-efficient. This can greatly
expand their applicability in various fields, particularly in medical contexts where the miniaturization
of imaging devices is crucial. For example, tiny lensless cameras could be integrated into endoscopic
tools for less invasive procedures, improving patient outcomes and recovery times. Furthermore, such
compact cameras could be used in wearable technologies to monitor health conditions continuously,
providing real-time data to both patients and healthcare providers.

However, the proliferation of small, lensless cameras also introduces potential negative societal
impacts, particularly concerning privacy. The ease with which these discreet cameras can be incorpo-
rated into everyday environments raises the possibility of misuse, such as unauthorized surveillance
or covert photography. This concern is particularly acute in private spaces where individuals expect a
high level of privacy. As such, while lensless imaging technology promises significant advancements
in fields like healthcare, it also necessitates stringent regulations and ethical guidelines to prevent
invasive use and protect individual privacy rights.
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complete (and correct) proof?

Answer: [NA|
Justification: The paper does not include theoretical results.
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» The answer NA means that the paper does not include theoretical results.

* All the theorems, formulas, and proofs in the paper should be numbered and cross-referenced.

* All assumptions should be clearly stated or referenced in the statement of any theorems.

* The proofs can either appear in the main paper or the supplemental material, but if they appear
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mental results of the paper to the extent that it affects the main claims and/or conclusions of the
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are provided or not.
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their results reproducible or verifiable.

* Depending on the contribution, reproducibility can be accomplished in various ways. For
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(a) If the contribution is primarily a new algorithm, the paper should make it clear how to
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Please see the NeurIPS code and data submission guidelines (https://nips.cc/public/
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method and baselines. If only a subset of experiments are reproducible, they should state which
ones are omitted from the script and why.

* At submission time, to preserve anonymity, the authors should release anonymized versions (if

applicable).

Providing as much information as possible in supplemental material (appended to the paper) is
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» The experimental setting should be presented in the core of the paper to a level of detail that is
necessary to appreciate the results and make sense of them.

* The full details can be provided either with the code, in appendix, or as supplemental material.
. Experiment Statistical Significance

Question: Does the paper report error bars suitably and correctly defined or other appropriate
information about the statistical significance of the experiments?

Answer:

Justification: We report the experiment results using the standard conventions in lensless imaging
research, consistent with previous studies.

Guidelines:

* The answer NA means that the paper does not include experiments.

* The authors should answer "Yes" if the results are accompanied by error bars, confidence
intervals, or statistical significance tests, at least for the experiments that support the main claims
of the paper.

* The factors of variability that the error bars are capturing should be clearly stated (for example,
train/test split, initialization, random drawing of some parameter, or overall run with given
experimental conditions).

* The method for calculating the error bars should be explained (closed form formula, call to a
library function, bootstrap, etc.)

* The assumptions made should be given (e.g., Normally distributed errors).

It should be clear whether the error bar is the standard deviation or the standard error of the

mean.

* It is OK to report 1-sigma error bars, but one should state it. The authors should preferably
report a 2-sigma error bar than state that they have a 96% CI, if the hypothesis of Normality of
errors is not verified.

» For asymmetric distributions, the authors should be careful not to show in tables or figures
symmetric error bars that would yield results that are out of range (e.g. negative error rates).
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into the paper).

9. Code Of Ethics

Question: Does the research conducted in the paper conform, in every respect, with the NeurIPS
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Answer: [Yes]
Justification: We strictly adhere to the NeurIPS Code of Ethics.
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e The answer NA means that the authors have not reviewed the NeurIPS Code of Ethics.

* If the authors answer No, they should explain the special circumstances that require a deviation
from the Code of Ethics.

* The authors should make sure to preserve anonymity (e.g., if there is a special consideration due
to laws or regulations in their jurisdiction).

10. Broader Impacts

Question: Does the paper discuss both potential positive societal impacts and negative societal
impacts of the work performed?

Answer: [Yes]
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» The answer NA means that there is no societal impact of the work performed.
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» If there are negative societal impacts, the authors could also discuss possible mitigation strategies
(e.g., gated release of models, providing defenses in addition to attacks, mechanisms for
monitoring misuse, mechanisms to monitor how a system learns from feedback over time,
improving the efficiency and accessibility of ML).

Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible release of
data or models that have a high risk for misuse (e.g., pretrained language models, image generators,
or scraped datasets)?

Answer: [NA|
Justification: We will not release data or models that have a high risk for misuse.
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describe how they avoided releasing unsafe images.
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Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in the
paper, properly credited and are the license and terms of use explicitly mentioned and properly
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Justification: We cite all original papers and make sure that our usage is legal.
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* The answer NA means that the paper does not use existing assets.
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* The paper should discuss whether and how consent was obtained from people whose asset is
used.
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» At submission time, remember to anonymize your assets (if applicable). You can either create
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