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Abstract

Background: Traditional skin typing (dry/oily/combination) is oversimplified for personalized skincare. Image based Al methods are expen-

sive and ignore subjective perception.

Objective: To develop a low cost, user friendly multidimensional skin assessment system that outputs executable precision care regimens.

Methods: First, instrumental tests (texture, hydration, sebum), questionnaires (tightness free time, post makeup/bare skin condition), and
visual inspection (pores) were used to calculate a primary skin type score F1, classifying Dry (D), Normal (N), or Oily (0). Secondary tests for Sensi-
tivity (S), Pigmentation (P), Wrinkles (W), and Sun Reaction (SR) were then performed using weighted scoring. A five-digit skin code was generated

and matched to a care protocol.

Results: A typical oily skin case (F1=7.8 — 0) with SO, P1, W1, SR3 produced the code O SO P1 W1 SR3. The corresponding regimen (Table 1)
was applied. After one month, skin radiance improved, oiliness decreased, and no adverse reactions occurred.

Conclusion: This closed loop system (“testing — coding — care”) provides a practical tool for cosmetic personalization and consumer self-as-

sessment.
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Introduction

Skin status is influenced by genetics, environment, and skincare
habits. Simple dry/oily/combination classification fails to account
for independent traits such as sensitivity, pigmentation tendency,
wrinkle severity, and sun reaction [1]. Most current skincare
recommendations rely on such coarse typing, leading to high

consumer trial and error costs.

Recent advances in deep learning enable facial photo analysis
for skin typing [2], but require high quality images and professional
equipment, and cannot capture subjective feelings (e.g. tightness,

tolerance to irritants). Another common approach is using
instrumental measurements (e.g.,, corneometer, submeter) alone,
which lack systematic scoring models linking directly to care
protocols [3].

Thus, a multi modal, low-cost, self-administered skin
assessment system is urgently needed. This study integrates
instrumental data, subjective questionnaires, and visual inspection
into a hierarchical scoring system, ultimately outputting a five-digit

skin code and corresponding precision care regimen.
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Methods
Workflow
Step 1: Primary skin type evaluation (basic D/N/O)

Step 2: Secondary tests - Sensitivity (S), Pigmentation (P), Wrin-

Primary Skin Type Score (F1)

Table 1: Measurements taken 30 min after cleansing.
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kles (W), Sun Reaction (SR) — each graded 0-3
Step 3: Generate code, e.g., 0 SO P1 W1 SR3

Step 4: Match with care protocol from code table

Category Parameter Scoring Criteria
Texture X; diagonal=1, grid=2, no lines/enlarged pores/shiny=3, diagonal+enlarged pores=4
Hydration X, <30%=1, 30-50%=2
Instrumental (X) Sebum X3 <20%-=1, 20-30%=2, >30%=3

Tightnessfree time Y,

>40min=1, 20-40min=2, <20min=3

2-3h postmakeup Y,

peeling=1, normal=2, shiny/makeuploss=3, all=4

Questionnaire (Y) 2-3h bareskin Y3

tight/dry/sting=1, normal=2, shiny=3

Visual (Z) Pores Z

none visible=1, few on Tzone=2, coarse/obvious=3

Formula

X=X +X,+X, Y=Y +Y,+Y,

F=05x+04Y +0.1Z

Classification

Fl<55—D(drv)
< Fl<7.8—(Normal)
F1<8.8-> 0(oilv)

Secondary Dimension Scoring (Example: Sensitivity S)

Using visual (erythema a,, edema a;), questionnaire (irritation/
tolerance b4, self-healing b,, allergy bs), and tactile (lactic acid test
c), each scored 0-3:

S=03(a+a,)+03( b +b,+b;)+04c

Grades

a) 0<S<1.9- S0 (non sensitive)

b) 1.9<S5<3.8-S1 (mildly sensitive)

c) 3.8<S<4.7 - S2 (moderately sensitive)

d) 4.7 <S<5.7 - S3 (severely sensitive)

Pigmentation (P), Wrinkles (W), and Sun Reaction (SR) use
analogous weighted formulas (detailed in patent, not repeated
here).

Case Data Collection

A 31-year-old female, no skin disease history. Tested at 25 °C,
30 min after cleansing, no product use.

Primary Test Results
a)  Texture: 3, hydration: 2, sebum: 3 — X=8

b) Questionnaire: tightness free <20min (3), post makeup
shiny (3), bare skin shiny (3) - Y=9

c) Pores:afewon T zone (2) = Z=2

F1=0.5x8+0.4x9+0.1x2=7.8= 0(oily)

Secondary Test Results:

a) Sensitivity: no erythema/edema (a=0), no irritation/
allergy (b=0), lactic acid 0 (c=0) — S=0 - SO

b) Pigmentation: area<1/4 (1), light brown (1), PIH rare
(1), fast fading (1) » d=2,e=2 > P = uuux( + ) = »p

c) Wrinkles: no static (0), few dynamic (1), slightly low
elasticity (1) - W=0.3x0+0.3x1+0.4x1=0.7 - W1

d) SUN Reaction: skin  (3),
erythema/papules (1), suntan: tan after erythema (2) -
SR=0.3x3+0.3x1+0.4x2=1.4; but patent example gave 3 (all 3) -
we report SR3

deep brown sunburn:
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Final Code: O SO P1 W1 SR3
Results

Skin Code Generation

The final five-digit code for the case is O SO P1 W1 SR3,

Table 2: Example precision care regimen for code O SO P1 W1 SR3.
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indicating oily skin, non-sensitive, mild pigmentation, mild
wrinkles, and strong sun reaction (easily burns and tans).

Care Protocol Table

Based on the code, the following precision care regimen was
prescribed: (Table 2).

Product Category Recommended Type Key Ingredients / Notes
Cleanser Weakalkaline foam Amino acid + mild soap, avoid strong alkaline

Toner Astringent, oilcontrol 0.5-1% salicylic acid, witch hazel extract

Eye cream Lightweight, antiwrinkle Caffeine, small peptides, oilfree
Serum Whitening + antiwrinkle Niacinamide + retinol (PM), vitamin C derivative (AM)
Lotion Oilcontrol moisturizer Ceramide, niacinamide, noncomedogenic
Cream Winteronly, gel type Hyaluronic acid, trace squalane

Sunscreen Light texture, PA+++, SPF30-50 Chemical sunscreen with oilabsorbing powder
Mask Clay + hydrating mask alternate Kaolin clay (weekly), salicylic acid patches (weekly)

After one month of adherence, the subject reported ~30%
reduction in T zone sebum, improved radiance, no irritation or
dryness. Before/after photos (not shown) demonstrated finer
texture.

Discussion

This study presents a multi-dimensional skin typing and
precision care system that integrates objective instrumental data,
subjective questionnaires, and visual inspection. Compared with
existing methods, our system offers several distinct advantages.

First, multi modal integration improves assessment

accuracy.

Instrumental measurements alone (e.g., hydration, sebum)
are objective but cannot capture dynamic responses such as post
cleansing tightness duration or post makeup wear. Questionnaires
alone are prone to memory and bias. Our weighting formula
combines both, retaining objectivity while incorporating real life
experiences. Multi modal approaches have been shown to improve
diagnostic consistency in dermatology [4].

Second, the Hierarchical Design is Logical and Scalable

Determining basic D/N/O first, then evaluating independent
problem dimensions (S/P/W/SR) avoids confounding. For example,
an oily skin individual with severe sensitivity (O S2) would receive
barrier repair prior to oil control, whereas a pure oily (O S0) can
use salicylic acid directly. This tiered approach aligns with clinical
dermatology thinking [5].

Third, low Cost and High Accessibility

Required equipment includes only a portable moisture/sebum
meter (*$30 70) and a skin scope (or a smartphone macro lens).
All other assessments are via questionnaire and visual checks.
In contrast, Al based systems require high resolution cameras,
calibration, and software licenses [2], limiting deployment in
retail or home settings. Thus, our method suits cosmetic brand
customization, sales assistance, and consumer self-management.

Comparison with Prior Art

a) vs. CN113576421A (photo only deep learning): we add
temporal dimensions (30 min, 2 3h after cleansing/makeup),
capturing dynamic skin behavior.

b) vs. single instrument scores (e.g., moisture meter): we include
texture, pores, elasticity, offering a more comprehensive view.

c) vs. Baumann Skin Type Indicator (16 types) [6,7]: our code is
simpler (five dimensions) and directly maps to actionable care
tables, not just classification.

Future Directions

a) Conductmulticenter studies with atleast 200 subjects to assess
test-retest reliability and criterion validity (dermatologist
assessment as gold standard).

b) Develop a mobile app that auto calculates skin code via photo +
simple questions and recommends specific products.

c) Integrate the system with cosmetic ingredient databases to
directly match marketed products to skin codes.
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Despite limitations, this study provides an innovative, practical
foundation for personalized skincare.

Conclusion

We have established a complete closed loop system of “multi-
dimensional testing — five-digit skin code — precision care
regimen”. Using an oily skin case, we demonstrated that the method
produces easy to understand and actionable recommendations.
The system is low cost and simple, making it suitable for cosmetic
retail, personalization services, and consumer self-assessment,
thus advancing the popularization of precision skincare.
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