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Abstract

In the development process of cosmetic lip products, repeated prototype manufacturing and visual inspection are often required
whenever the formulation ratio changes, resulting in significant inefficiency. To address this issue, this paper proposes an artificial
intelligence-based lip makeup generation system that visually simulates lip color and texture characteristics using quantitative
cosmetic formulation information, including organic pigments, inorganic pigments, waxes, oils, pearlescent agents, and film formers.
Existing machine learning-based approaches have mainly focused on numerical property prediction, making visual verification
difficult, while GAN- and diffusion-based virtual makeup studies have limitations in reflecting quantitative cosmetic formulation
information. To overcome these limitations, formulation ratios were converted into normalized vectors, and a multilayer perceptron
(MLP)-based regression structure was designed to transform formulation information into visual attributes such as color, glossiness,
and opacity.

Furthermore, the predicted color information was converted into a spatial condition map and utilized as an input condition for
ControlNet, enabling generation results that reflect formulation-based color characteristics. In addition, an effective gloss index based
on ingredient characteristics was defined, and the conditioning scale and denoising strength of the generation model were dynamically
adjusted according to the gloss characteristics to improve lip texture representation.

Through quantitative and qualitative experiments, as well as a usability evaluation involving cosmetic industry practitioners, the
proposed system demonstrated the potential to reduce repetitive prototype production processes and support early-stage formulation
design in cosmetic R&D workflows.
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Figure 1. Overall Pipeline of the Proposed System.
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