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The article is dedicated to examining how classical film photography techniques can be translated into modern digital 
workflows through layered reconstruction of chromatic behavior, illumination response, and grain structure. The 
relevance of the study arises from the growing demand for digital imaging systems capable of reproducing the expressive 
and material qualities of analog film without relying on superficial filters. The novelty lies in treating film not as a visual 
preset but as a complex interaction of structural components that must be modeled separately before being recombined. 
The work describes multi-frequency architectures, grain-aware generative modules, illumination-driven enhancement 
systems, and diffusion-based pipelines, studying their capacity to replicate analog tonal logic. Special attention is paid 
to how these methods reinterpret film’s material attributes through computational means. The work sets itself the 
goal of systematizing these approaches and identifying the methodological tendencies that shape them. To implement 
this, a combination of comparative analysis and interpretative examination of foundational studies is employed, while 
the concluding part delineates the developmental vector of film emulation technologies—delivering applicable insights 
for digital creators, imaging system engineers, computational photography theorists and researchers engaged at the 
convergence of photographic practice and algorithmic modeling.
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Abstract

INTRODUCTION 
The heightened engagement with analog photography has 
paralleled the swift advancement of computational imaging, 
generating a pressing need for digital processes that replicate 
the tactile richness, tonal variability, and grain behavior 
intrinsic to traditional film—an emergent demand shaped by 
artistic exploration, requirements of archival preservation, 
and a broader movement toward imaging systems that defy 
the homogeneity of standard digital capture technologies.

The purpose of this article is to examine how contemporary 
computational methods reconstruct film-like behavior by 
interpreting it as a layered system of interacting components. 
Three tasks structure the study: 

To identify how current architectures reinterpret the 1)	
mechanisms of analog exposure, grain formation, and 
chromatic response; 

to compare the roles played by multi-frequency 2)	
decomposition, generative modeling, illumination 
frameworks, and attention-based design; 

to determine the conceptual trajectory that unites these 3)	
methods and defines future directions in digital film 
adaptation. 

The novelty of the work lies in synthesizing heterogeneous 
approaches into a coherent analytical framework that 
reflects the functional logic rather than the surface aesthetics 
of film.

METHODS AND MATERIALS 
The materials for this study consist of published research 
representing generative models, multi-frequency analyses, 
illumination-based enhancement, architectural style transfer, 
diffusion pipelines, and broader reviews of computational 
stylization. Each source contributes distinct conceptual or 
technical insights.

The study of Gong et al. [1] explores grain-aware generative 
modeling and the separation of color and noise for analog-
style synthesis. The work of Li et al. [2] introduces a large-
scale film dataset and demonstrates how multi-frequency 
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structures form the basis for stylistic reconstruction. The 
study of Zhou et al. [3] examines illumination modeling 
and its role in low-light enhancement processes. The work 
of Zhu et al. [4] focuses on attention-based architectures 
that preserve geometric structure while applying stylistic 
transformation. The study of Sun and Meng [5] investigates 
diffusion-based reconstruction and multiscale feature 
interaction. The review by Xu et al. [6] traces the development 
of style-transfer methods from traditional machine learning 
to deep learning. The study of Wang et al. [7] considers 
cinematic transfer within neural radiance fields. The work of 
Zeng and Yang [8] analyzes physics-guided rectified flow in 
RAW image enhancement. Finally, the study of Wallmüller [9] 
contextualizes digital reconstruction in relation to classical 
restoration principles.

To complete the article, a combination of analytical, 
comparative, and synthesis-oriented methods was used. The 
section begins by outlining the methodological contributions 
of each author and concludes with an integrated framework 
for interpreting film adaptation as a multi-layered 
computational process.

 RESULTS 
Digital workflows increasingly attempt to emulate classical 
film techniques not through superficial filters but through 
reconstruction of the underlying mechanisms that shaped 
analog imaging. The examined models converge toward 
an understanding of film as a layered interaction between 
chromatic response, grain topology, frequency-dependent 
contrast, and illumination behavior. This shift becomes 
evident in approaches that seek to separate color and 
structural noise before recombining them into a cohesive 
rendering pipeline, creating conditions under which digital 
images begin to exhibit the non-linearities characteristic of 
film stocks [1].

A central component of this evolution lies in the transition 
to multi-frequency image representations. The large-scale 
FilmSet dataset contains 5285 RAW images in each of three 
film styles—Cinema, Classical Negative, and Velvia—forming 
a foundation for systems that need stable high-frequency 
and low-frequency distributions [2]. These distributions 
reveal consistent tonal gradients and grain envelopes that 
modern models reinterpret as hierarchical signals rather 
than artifacts (Table 1).

Table 1. Conceptual distinctions between analog film structure and digital multi-frequency modeling (compiled by the 
author based on [1, 2])

Dimension of Image Formation Classical Film Photography Digital Multi-Frequency Models

Origin of Color Behavior Chemical reactions within layered 
emulsions

Learned chromatic mappings across separate 
frequency bands

Grain / Texture Function Material microstructure shaping 
tonal and spatial variation

Interpreted as a structural signal within high-
frequency channels

Response to Illumination Non-linear exposure curves tied to 
film chemistry

Illumination is modeled as a manipulable variable 
across spatial-frequency layers

Detail Preservation Dependent on emulsion sensitivity 
and grain distribution

Controlled through hierarchical architectures, 
distinguishing fine and coarse features

Tonal Stability Emerges from physical density 
patterns

Emerges from optimized feature conditioning and 
frequency decomposition

The resulting multi-frequency architectures treat detail 
as a textured frequency layer and color as a smooth 
global component, echoing the way chemical emulsions 
responded differently to fine and coarse structures. 
In one of the reconstructed insights from the FilmSet 
experiments, repeated exposure patterns across the dataset 
demonstrated that tonal shifts in Classical Negative exhibit 
stronger coupling with fine-grain structure than with global 
illumination, suggesting that grain carries a structural rather 
than stochastic role [2].

Generative systems deepen this trajectory. The CNE network 
disentangles grain from color, pre-training a noise-separation 
module that yields a noise map and a denoised map, 

enabling the GAN to learn both as independent conditions 
for synthesis [1]. When these elements are recombined, the 
produced frames retain the soft highlight falloff and shadow 
density typical of analog emulsions, even at 200% zoom, 
where grain alignment becomes critical for plausibility. The 
reported perceptual metrics demonstrate that the approach 
surpasses prior stylization methods in visual similarity, 
due to the joint feature conditioning that anchors grain 
size, orientation, and chromatic modulations. One of the 
reconstructed interpretations of these results suggests that 
the network essentially treats grain as a mid-level semantic 
carrier, which helps stabilize color transitions in regions 
where classical chemical processes would have introduced 
microscopic irregularities [1] (Table 2).
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Table 2. Functional roles of grain in analog emulation systems (compiled by the author based on [1, 2, 4])

Role of Grain Manifestation in Film Interpretation in Digital Models

Structural Anchor Governs the density distribution across shadows 
and highlights

Used to stabilize local chromatic transitions and 
maintain tonal coherence

Texture Identity Defines the recognizable look of specific film 
stocks

Modeled as a controllable feature map or noise 
component

Spatial Modulator Softens fine edges or introduces micro-contrast Condition neural networks to preserve or adapt 
local geometry

Semantic Indicator Suggests the “materiality” of a frame Serves as a mid-level representation supporting 
style fidelity

Aesthetic Carrier Contributes to the emotional tone of the image Embedded into generative pipelines as a style-
relevant constraint

Other architectures highlight the role of illumination 
modeling. In low-light pipelines, physics-guided rectified 
flow algorithms reconstruct RAW signals by acknowledging 
that underexposed film negatives often exhibit intensified 
shadow texture and compressed highlight behavior. The low-
light enhancement model demonstrates that reconstruction 
improves significantly when illumination is treated as a 
frequency-dependent variable. This is particularly evident 
in cases where RAW data undergo joint spatial-frequency 
illumination modeling: the LUXFormer model adjusts 
luminance distribution in a way that mirrors the characteristic 
exposure curves of film, allowing detectors to perform with 
higher accuracy after enhancement and preserving detail in 
difficult lighting scenarios [3]. A conceptual reconstruction 
from this line of research indicates that illumination behaves 
more like a structural descriptor than a global modifier, 
similar to how analog exposure produced predictable density 
curves that varied across frequency bands [3].

The adaptive treatment of spatial detail proves especially 
influential in architectural scenes. Systems with attention 
mechanisms adjust their perceptual field to preserve 
geometric precision while applying stylistic transformations. 
The photorealistic attention network retains architectural 
alignment by decoupling content structure from style 
modulation, ensuring that verticals, façade segmentation, 
and fine edge patterns remain stable amidst analog-style 
color shifts [4]. A reconstructed interpretation based on these 
findings suggests that the style encoder effectively mimics 
the selective sensitivity of film to broad tonal masses while 
delegating fine geometry to the content encoder, maintaining 
the integrity of architectural photography [4].

Across these methods, diffusion models contribute a 
complementary layer of analysis. They refine film adaptation 
by applying iterative noise injection and denoising cycles 
that allow color and texture to be aligned progressively. The 
AdaIN-based fusion of content and style features, followed by 

multiscale extraction, supports the reconstruction of analog-
like tonal distributions with a high degree of stratification 
[5]. In one reconstructed conceptualization of these 
mechanisms, the iterative backward diffusion resembles 
controlled chemical development, where contrast and grain 
gradually emerge from repeated interactions rather than 
deterministic mapping [5].

The broader style-transfer field illuminates how these 
specialized film-focused approaches fit into a larger 
methodological landscape. Historical work on physics-
based models and texture synthesis laid early foundations, 
whereas deep-learning-based models now dominate due to 
their ability to unify global structure with local detail [6]. 
Publication trends over the last decade reflect this shift, 
with steep growth in research output and diversification 
of methods [7-9]. One reconstructed synthesis of these 
observations emphasizes that the expansion of style-transfer 
research parallels the increasing computational feasibility 
of modeling film-like nonlinearities at scale, making analog 
reconstruction both technically viable and artistically 
relevant [6].

As a whole, the examined systems reveal a consistent trend: 
the digital adaptation of classical film techniques now relies 
on decomposing the image into multiple interdependent 
layers—color, texture, illumination, geometry—each modeled 
with dedicated components before being recombined into a 
coherent representation. Whether through grain-aware GANs, 
Laplacian pyramids, attention-driven encoders, physics-
guided reconstruction, or diffusion-based fusion, these 
methods replicate analog film not by copying its appearance, 
but by reconstructing the functional relationships that 
defined its visual logic. This convergence suggests that 
future film adaptation pipelines will increasingly operate as 
multi-stage interpretive systems capable of simulating the 
subtle chemical, optical, and structural behaviors that once 
emerged naturally from analog materials (Table 3).
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Table 3. Comparative overview of contemporary digital approaches for film-style reconstruction (compiled by the author 
based on [3–8])

Approach Type Core Mechanism Contribution to Film Adaptation

Multi-Frequency Architecture Decomposes the image into high/low-
frequency components

Recreates the layered tonal behavior of 
analog emulsions

Grain-Aware Generative Systems Separates color and noise to emulate 
grain

Produces film-like microstructure and 
local texture patterns

Illumination Modeling Frameworks Simulates exposure-dependent 
transformations

Restores density curves and shadow-
highlight relationships

Attention-Based Encoders Allocates different perceptual fields 
for content and style

Preserves geometric accuracy during 
stylistic modification

Diffusion-Based Pipelines Iteratively refine content–style 
alignment

Mimic the gradual emergence of contrast 
akin to chemical development

Physics-Guided Enhancement Models Constrain processing using principles 
of light propagation

Improve realism under complex or low-
light conditions

The comparative outline shows that contemporary digital 
approaches do not converge on a single technical pathway but 
rather distribute film-like behavior across complementary 
mechanisms. Each class of models reconstructs a different 
fragment of analog material logic, and only their combined 
functioning yields an image that resonates with the complexity 
of chemical photography. This interplay suggests that future 
workflows will depend not on individual architectures but 
on modular ecosystems capable of replicating exposure 
response, tonal stratification, grain dynamics, and geometric 
stability as interconnected processes.

DISCUSSION

The findings reveal a gradual but decisive shift in how 
digital workflows reinterpret classical film photography. The 
methods examined do not simply borrow visual attributes 
from analog materials; they reinterpret film as a system 
governed by interactions between frequency structure, 
illumination behavior, and non-linear chromatic response. 
This perspective moves the field away from surface emulation 
and toward reconstructive modeling, where the generative 
process becomes an analog of chemical development. Once 
film is treated not as a collection of stylistic markers but 
as a mechanism with its own logic, digital pipelines gain 
the ability to reproduce its behavior rather than merely its 
appearance.

A notable outcome is the convergence of diverse architectural 
choices toward multi-layered representations. Whether 
through Laplacian pyramids, color–noise decomposition, 
diffusion cycles, or spatial–frequency illumination modeling, 
the various systems employ a similar logic: isolate the 
components that matter, interpret them independently, and 
merge them into a coherent whole. This mirrors how film 
emulsions responded differently to fine detail and broad 

tonal masses. It also clarifies why direct LUT-style mappings 
never produced convincing results – they lacked a structural 
interpretation of the image. Once algorithms began to treat 
grain as a functional pattern, not a random disturbance, 
the digital environment opened space for more authentic 
renderings of analog texture.

Another thread running through the results concerns the 
reallocation of responsibility between modules. Instead 
of expecting a single network to understand both global 
color relationships and microstructural features, the recent 
architectures distribute tasks. Some filter out noise before 
any inference is made, while others extract style features 
at multiple receptive fields to accommodate the varied 
spatial behaviors associated with film stock. This division of 
labor produces a workflow far closer to the analog process, 
where exposure, grain clustering, lens aberrations, and 
chemical development contributed in layered, sometimes 
contradictory ways. The digital analog emerges from 
negotiated compromises between modules rather than from 
an all-purpose transformation.

Equally telling is the role of illumination modeling. 
Traditional film was characterized by distinctive exposure 
trajectories that dictated the densification of shadow regions 
and the diffusion of highlights, simultaneously affecting 
color perception in a manner unattainable through native 
sensor responses; by treating illumination as a deliberate 
parameter rather than an incidental outcome of the scene, 
low-light reconstruction frameworks are capable of 
regenerating those nuanced tonal shifts formerly produced 
through photochemical reactions, rendering the image 
less akin to raw sensor data and more comparable to a 
substance shaped by procedural limitations—an approach 
that reasserts material logic within digital imaging and 
signals a conceptual inflection point, where the translation 
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of film qualities increasingly hinges on physically grounded 
interpretations despite the system’s algorithmic foundation.

A noteworthy consequence emerges for fields where 
geometric exactness is paramount—such as architectural 
imaging—given that traditional film inherently introduced 
geometric distortion by diffusing edges through grain 
interaction, modulating contrast along structural axes, 
and subtly redirecting shadow behavior through variable 
exposure layering; contemporary attention-based 
architectures reproduce these phenomena in a targeted 
manner while preserving the structural precision inherent 
to digital acquisition, producing a composite visual mode 
that blends the disciplined sharpness of computational 
tools with the atmospheric pliability long attributed to 
analog workflows, and the sustained integrity of geometric 
features within such methodologies suggests forthcoming 
implementations where rigorous spatial accuracy coexists 
with a deliberately expressive visual syntax.

Diffusion-centered methodologies introduce an additional 
interpretative layer, as their stepwise refinement reshapes 
visual content in a fashion reminiscent of analog darkroom 
workflows—where tonal hierarchies surfaced gradually 
and with a degree of unpredictability—transforming the 
image not through instantaneous conversion but through a 
succession of phases, each one adjusting or amplifying the 
previous, thus enabling a temporal negotiation between 
structure and aesthetic rather than an abrupt merger, and 
this conceptual affinity between iterative noise suppression 
and photochemical emergence expands the theoretical scope 
for subsequent inquiry, advocating for generative systems 
that emulate evolving visual behavior instead of fixed input-
output correlations.

Taken together, these insights reveal that the translation 
of film-specific techniques into digital form has moved 
beyond purely aesthetic considerations, entering zones 
of convergence with algorithmic photography, perceptual 
computation and physically grounded simulation—an 
interdisciplinary synthesis that empowers digital pipelines 
to deliver expressive visual results while preserving both 
structural rigor and informational completeness. It also 
widens the practical applications of film emulation: archival 
restoration, cinematic visualization, digital twins for artistic 
production, and hybrid workflows where analog and digital 
components interact.

Yet several unresolved questions emerge. The first concerns 
generalization across scenes and lighting conditions. 
Despite advances, the fidelity of film-like reconstruction 
still varies with content type and illumination extremes. 
Another uncertainty involves interpretability: as models 
grow more complex, the mechanisms producing film-like 
qualities become harder to trace. There is also a broader 
methodological tension between reproducing specific 
historical film stocks and generating a flexible “film logic” 
applicable to diverse creative contexts. Each direction offers 

distinct benefits but requires different forms of training data, 
evaluation metrics, and architectural design.

Nevertheless, the trajectory observed suggests that future 
systems will likely extend the multi-frequency paradigm 
even further, combining generative modeling with physically 
inspired priors and adaptive attention mechanisms. In 
such systems, film aesthetics would emerge naturally from 
interactions between modules, not from handcrafted rules. 
Digital imaging could then approach the subtlety of analog 
photography not by imitation, but by adopting its internal 
principles—layered, interactive, and materially grounded.

CONCLUSION
The study addressed the tasks set in the introduction by 
showing that contemporary digital workflows reinterpret 
classical film not through fixed visual presets but through 
reconstructive modeling of its core mechanisms. The first 
task—identifying how analog processes are translated 
computationally—revealed that chromatic response, grain 
dynamics, illumination behavior, and tonal layering are 
treated as separate components whose interactions must 
be replicated rather than approximated. The second task—
comparing methodological directions—demonstrated 
that multi-frequency architectures, generative noise–color 
separation, illumination frameworks, attention-driven 
models, and diffusion pipelines collectively form a modular 
ecosystem that reconstructs film’s internal logic. Finally, the 
third task—determining the conceptual trajectory—showed 
that future systems are likely to integrate physically inspired 
reasoning with adaptive neural modeling, producing 
workflows where film aesthetics emerge from dynamic 
interactions among model components.

These findings indicate that digital film adaptation has moved 
beyond stylistic imitation toward a deeper reconstruction 
of analog materiality. The article may be useful for imaging 
researchers, digital artists, software developers, and 
practitioners seeking to incorporate analog qualities into 
contemporary computational photography.
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