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Background: Accurate quantification of skin color is essential for dermatologic research and clinical practice. Conventional methods
rely on specialized equipment, trained operators, and high costs. Smartphone-based technologies provide a promising alternative for
accessible skin color assessment.

Objective: To evaluate the reliability and validity of the smartphone-based skin colorimeter application, You Look Good Today
(YLGTD), for facial skin color assessment compared with two validated devices, VISIA and Dermalab Combo.

Methods: A total of 105 Chinese participants with healthy facial skin were enrolled. Cheek skin color measurements were obtained
using YLGTD (user self-assessment and physician measurement modes), VISIA, and Dermalab Combo. Inter-rater reliability between
YLGTD measurement modes was assessed using intraclass correlation coefficients (ICC) and Bland-Altman analysis. Criterion
validity was evaluated using Pearson’s correlation coefficients between YLGTD measurements and the reference devices.

Results: YLGTD demonstrated excellent inter-rater reliability across all parameters (ICC: 0.85-0.95). Bland—Altman analysis showed
small biases between the two measurement modes for the L, a, and b (—0.05, 0.18, and —0.99, respectively). For criterion validity,
YLGTD in user mode showed strong correlations with Dermalab Combo for L* (r = 0.71), individual typology angle (ITA®, r =
—0.81), and chroma (C*, r = 0.78), and moderate correlations for b* (r = 0.59) and hue (h°, r = 0.57). Correlations were consistently
stronger in physician mode (L*: r = 0.77; b*: r = 0.75; C*: r = 0.84; ITA®: r = —0.87). VISIA showed a stronger correlation for a* (r =
0.55) but weaker correlations for L* (r = 0.56) and ITA® (r = —0.68) compared with YLGTD.

Conclusion: The smartphone-based application YLGTD demonstrated excellent reliability and acceptable validity for facial skin
color assessment, particularly for pigmentation-related parameters. Its standardized measurement workflow and integrated algorithms
enable consistent skin color evaluation across devices and real-world conditions, providing a convenient and cost-effective approach
for objective skin color assessment.
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Introduction

Human skin color is a prominent phenotypic characteristic primarily determined by melanin, carotenoids, and hemoglobin.'
Among these, melanin plays a central role in photoprotection against ultraviolet radiation (UVR)." Alterations in skin color
are closely associated with various pathological conditions, including pigmentary disorders (eg., melasma and vitiligo),
inflammatory dermatoses (eg., rosacea), and certain systemic diseases (eg., jaundice).> Quantitative skin color measure-
ment provides objective markers for disease diagnosis and treatment monitoring, while also supporting photodamage
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Smartphone-based facial skin color assessment: reliability and
validity against VISIA and DermalLab Combo

Skin color
parameters

Reliability Validity
assessment assessment

y Y
), o
/ user self- VISIA
assessment mode

L vs. L* (lightness)

avs. a* (red-green axis)

VS. +
YLGTD app \

b vs. b* (yellow-blue axis)
Skin color level vs. ITA®
Skin color temperature vs. C*

Skin color hue vs. h°

(Smartphone) O d:g
D 12
physician

measurement mode DermalLab
Combo

Excellent inter-rater reliability and acceptable validity
across key skin color parameters

* CIELAB color space parameters

evaluation, skin cancer risk prediction, and surgical flap matching.*> Accordingly, objective skin color evaluation is
integral to personalized dermatologic care, aesthetic interventions, and quantitative monitoring of treatment outcomes.

Current approaches for skin color assessment range from administered visual scales to instrument-based colorimetry.®
The Fitzpatrick Skin Type (FST), originally developed to classify UVR responses in Caucasian populations, remains
widely used in clinical practice.” However, its correlation with objective colorimetric parameters is limited.® In contrast,
instrument-based colorimetric devices provide quantitative and reproducible skin color measurements, including tristi-
mulus colorimeters (eg., Colorimeter CL-400) and reflectance spectrophotometers (eg., DermaLab Combo).” These
instruments quantify skin color using L*a*b*and individual typology angle (ITA®) values within the CIELAB color
space standardized by the Commission Internationale de 1’Eclairage (CIE).>'® Despite their accuracy, their widespread
use remains limited by high costs, environmental sensitivity, and reliance on trained personnel.

Recent advances in spectral imaging and artificial intelligence (AI) have spurred innovation in dermatologic tools.'"'?
The VISIA imaging system (Canfield Scientific, USA) is widely used in dermatology and cosmetic research. It enables
comprehensive skin evaluation under standard white light, ultraviolet, and cross-polarized lighting conditions."?
Meanwhile, smartphone-based applications have emerged as promising tools for rapid and cost-effective skin
assessment.'* However, smartphone imaging is susceptible to inter-device hardware variability and environmental
influences. Differences in camera modules, sensor performance, and image signal processing algorithms across smart-
phone models, as well as ambient lighting conditions, may compromise imaging reproducibility, which is critical for
medical image analysis."

“You Look Good Today” (YLGTD; Hangzhou C2H4 Internet Technology Co., China) is a smartphone-based skin
analysis application that integrates Al-driven image processing algorithms. The system is trained on a large-scale skin
image database and incorporates neural network—based color correction and feature recognition. These techniques

mitigate cross-device and environmental variability, enabling stable and quantitative assessment of skin color.
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However, its clinical applicability requires rigorous validation of measurement reproducibility and accuracy against
established reference standards.

This study investigates the reliability and criterion validity of YLGTD for facial skin color assessment. Its perfor-
mance was evaluated under two measurement modes (user self-assessment mode and physician measurement mode) and
compared with two established reference systems: VISIA and Dermalab Combo. By addressing key gaps in the
validation of mobile dermatologic technologies, this study aims to determine whether YLGTD can serve as a scalable,
cost-effective, and user-friendly alternative to conventional colorimetric devices.

Materials and Methods
Study Design and Participants

This was a single-center, cross-sectional study conducted at China-Japan Friendship Hospital from July 2024 to
September 2024. A total of 105 participants were recruited from the dermatology department. The sample size was
determined based on clinical feasibility and practicality. The study was approved by the Clinical Research Ethics
Committee of China-Japan Friendship Hospital (2023-KY-218) and conducted in accordance with the principles of the
Declaration of Helsinki. All participants provided written informed consent and acknowledged the privacy policy of the
YLGTD application. The study was conducted and reported in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.'®

Only individuals with uniform cheek skin tone and without facial skin diseases, such as pigmentary disorders,
rosacea, or other dermatologic diseases, were included. Participants with secondary skin pigmentation abnormalities
caused by conditions such as anemia, jaundice, or renal insufficiency, or those with a history of photosensitivity, were
excluded.

Instruments

YLGTD

Facial images were acquired using the smartphone-based application YLGTD (Hangzhou C2H4 Internet Technology Co.,
Ltd., China) in two modes: user self-assessment and physician measurement. Smartphones were required to have high-
resolution rear cameras (>2448x3264 pixels) to minimize hardware-related variability. Participants were positioned in
uniformly illuminated environments without direct sunlight. Facial images were captured using the rear camera under
application-guided voice instructions, with facial coverage exceeding 80% of the frame and maintained through real-time
adjustments of distance and angle. The smartphone light-emitting diode (LED) flash was automatically activated to
standardize illumination.

Post-acquisition processing included color restoration, facial feature localization, and quantitative analysis. A neural
network—based iterative color correction algorithm incorporated device-specific parameters, including smartphone model
and exposure settings, to reduce cross-device variability and reconstruct the original skin tone. After color normalization,
the cheek region was automatically segmented while excluding spots, moles, and acne lesions.

Skin color analysis was performed using a three-step image-processing pipeline. First, mean pixel values within the
region of interest were calculated in the red—green—blue (RGB) color space. These values were then converted into the
CIELAB color space using OpenCV (version 3.4.20) and encoded in an 8-bit integer format (L: 0-255; a: 0-255; b:
0-255). Finally, a machine learning—based parameterization model derived three quantitative indices representing skin
lightness, chromaticity, and hue: skin color level (0—1000), skin color temperature (0—1000), and skin color hue (0°-90°).

VISIA

Facial images were obtained using the VISIA imaging analysis system (Canfield Scientific, USA) under standardized
illumination conditions. Image acquisition was conducted in a light-controlled darkroom to eliminate ambient inter-
ference. The system utilizes a 15-megapixel camera equipped with automated focusing and white-balance functions.
Acquired images were subsequently processed using the YLGTD embedded algorithm for skin color quantification.
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Dermalab Combo

The Dermalab Combo system (Cortex Technology, Denmark) employs reflectance spectrophotometry to quantify skin
color parameters. Reflected optical signals are transformed into CIELAB parameters, including L* (lightness), a* (red-
green axis), and b* (yellow-blue axis). In dermatologic research, L* reflects skin lightness, a* is associated with
erythema, and b* reflects pigmentation and tanning.'® Based on these parameters, three composite indices are derived:
ITA®, an objective indicator of melanin-related skin tone; chroma (C*), representing color saturation; and hue angle (h°),
representing color tone.'®!” The asterisk (*) denotes parameters in the CIELAB color space.'®

Measurement Protocol
Skin color measurements were performed using YLGTD, VISIA, and Dermalab Combo under controlled clinical
conditions and real-world user settings. The measurement protocol comprised three stages: (1) Preprocessing:
Participants underwent facial cleansing followed by a 15-minute acclimatization period under controlled environmental
conditions (22 + 2 °C; 50 £+ 10% relative humidity; windowless room without daylight). (2) Professional measurements:
Physicians sequentially acquired facial images using YLGTD (iPhone 15 Pro) and the VISIA system. Contact measure-
ments were subsequently performed using the Dermal.ab Combo color probe at four predefined sites on each cheek. The
mean value was calculated while avoiding pigmented nevi, acne lesions, scars, and uneven pigmentation. (3) User self-
assessment: Participants captured facial images using YLGTD on their personal smartphones in real-world environments.
Data collection was supervised by trained researchers. FST classification was conducted through clinician-guided
assessment according to the method of Eilers et al'® Demographic characteristics (age, sex, ethnicity) and smartphone
models used for self-assessment were recorded.

Statistical Analysis

Statistical analyses were performed using SPSS (version 27.0) and GraphPad Prism (version 10), with p < 0.05
considered statistically significant. Reliability between the two YLGTD measurement modes (user self-assessment and
physician measurement) was assessed using intraclass correlation coefficients (ICC), interpreted as > 0.75 (excellent),
0.40-0.75 (good), and < 0.40 (poor).'"® Normality of paired differences was examined using the Shapiro-Wilk test.
Agreement between measurement methods was evaluated using Bland—Altman analysis. Validity between devices was
assessed using Pearson’s correlation coefficients (r), interpreted as |r| > 0.70 (strong), 0.50—0.69 (moderate), and < 0.50
(weak).”® Subgroup analyses were performed stratified by smartphone platform (iPhone and Android).

Results

Participants and Descriptive Statistics

The demographic and clinical characteristics of the participants are summarized in Table 1. A total of 105 participants
were enrolled, including 85 females (80.95%) and 20 males (19.05%), with an age range of 18—50 years (mean + SD:
25.8 £ 3.7 years). The majority were of Han Chinese ethnicity (95.24%). Fitzpatrick skin types were distributed as
follows: type II (19.05%), type III (58.10%), and type IV (22.86%). Smartphone brand distribution for self-assessment
was as follows: iPhone (53.33%), Huawei (19.05%), Xiaomi (12.38%), and vivo (9.52%), with other brands comprising
the remaining proportion.

Inter-Rater Reliability of YLGTD: User Vs. Physician Measurements

Inter-rater reliability between YLGTD user self-assessment (user mode) and physician measurement (physician mode)
was assessed (Table 2 and Figure 1). ICC values for the six skin color parameters ranged from 0.85 to 0.95, indicating
excellent reliability. Bland-Altman analysis showed small biases for L, a, and b parameters (—0.05, 0.18, and —0.99,
respectively), with relatively narrow 95% Limits of Agreement (LoA) (L: —5.34 to 5.24; a: —2.64 to 3.00; b: —3.95 to
1.97). Larger absolute biases were observed for skin color level and skin color temperature (—7.71 and —41.21,
respectively). Across all parameters, 92.38%-97.14% of differences fell within the 95% LoA, indicating good agreement
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Table | Demographic and Clinical
Characteristics of the Participants

(n = 105)
Characteristic No. (%)
Age (years)
Mean (SD) 25.8 (3.7)
Min.-max. 18-50
Sex
Female 85 (80.95%)
Male 20 (19.05%)
Ethnicity
Han Chinese 100 (95.24%)

Other ethnicities 5 (4.76%)
Fitzpatrick skin type
I 20 (19.05%)
n 61 (58.10%)
v 24 (22.86%)

Smartphone Brands

iPhone 56 (53.33%)
Huawei 20 (19.05%)
Xiaomi 13 (12.38%)
vivo 10 (9.52%)
Other brands 6 (5.71%)

Abbreviation: SD, standard deviation.

Table 2 Inter-Rater Reliability of YLGTD for Skin Color Assessment: User vs. Physician Measurements

Parameter User mode Physician mode ICC (95% CI) Bland-Altman

(mean £ SD) (mean £ SD) R .

Bias SD 95% LoA Proportion

within LoA
L 176.94 + 8.55 176.99 + 7.81 0.95 (0.92-0.96) —0.05 2.70 —5.34 to 5.24 97.14%
a 145.89 + 3.03 145.71 + 2.26 0.85 (0.79-0.90) 0.18 1.44 —2.64 to 3.00 96.19%
b 150.30 + 4.26 151.29 + 3.87 0.93 (0.90-0.95) —0.99 1.51 —3.95 to 1.97 92.38%
Skin color level 296.38 + 58.40 304.09 + 57.75 0.95 (0.93-0.97) -7.71 18.66 —44.28 to 28.86 95.24%
Skin color temperature | 710.46 + 147.36 751.67 £ 148.65 0.92 (0.88-0.94) | —41.21 60.71 —160.20 to 77.79 97.14%
Skin color hue 51.05 + 5.31 52.48 £ 4.90 0.89 (0.84-0.92) —1.44 2.39 —6.12 to 3.25 97.14%

Abbreviations: L, lightness; a, red-green axis; b, yellow-blue axis. Skin color level, skin color temperature, and skin color hue represent skin lightness, color saturation, and
hue, respectively. SD, standard deviation; ICC, intraclass correlation coefficient; Cl, confidence interval; LoA, limits of agreement.

between the two measurement modes. Subgroup analyses stratified by smartphone platform showed comparable ICC
values and mean biases across iPhone and Android devices (Supplementary Table S1).

Agreement Between YLGTD and VISIA
Skin images were acquired using YLGTD (Figure 2A) and VISIA (Figure 2B). Agreement between the two systems is

summarized in Table 3. In the user self-assessment mode, ICC values ranged from 0.15 for the a parameter (poor
agreement) to 0.78 for skin color level (excellent agreement). The remaining parameters showed good agreement,
including L (ICC = 0.56), b (ICC = 0.50), skin color temperature (ICC = 0.69), and skin color hue (ICC = 0.54). In
the physician measurement mode, ICC values ranged from 0.24 for the a parameter (poor agreement) to 0.74 for skin
color level (good agreement). Agreement improved for several parameters, including b (ICC = 0.60) and skin color hue

(ICC = 0.59), while other parameters showed levels of agreement comparable to those in the user mode.

Clinical, Cosmetic and Investigational Dermatology 2026:19 https: 5


https://www.dovepress.com/article/supplementary_file/589014/589014%20Supplementary%20Material.docx

Ouyang et al

G L@ G

§ ] $ ] +96sD £ |

£ ] o 908D (B 10 & 2 +1.96 SD

& 44 e 00 00 o 5.24 & 24 eccccce o 1.97

g. el . . a a o 000 0

i - .. L] S ......n L] .: Moa b= - LB L L Mgan a o_ 00 000000000 Y ma

g 0 ® 000 e 00 000 o -002 £ 07 bl 0.18 £ -09;

3 e .‘-. .o..c- : 8 g e o eevvcee 3 -2 00 000000 0 09 i

§ 4~ . o.-a *. 1.96 SD § 2 eccee 1.96 SD g 4 o~ et -1.96 SD

g - O 534 g g eee -2.64 g S e 3.95

e 8 L) T T T 1 C] -4 I L] T 1 o 6 L] 1 L] 1

150 160 170 180 190 200 135 140 145 150 155 130 140 150 160 170
Mean of L parameter Mean of a parameter Mean of b parameter

< D E ° F

3 o © g () s 0

5 40 o O +1.96sD 8 07 _'g 4- 2 +1.96 SD

S 204 R O 28.86 E 100 o: +1.96SD O 3.25

< s0- 55 RO o 77.79 £

£ . Mean s o o¢ 0 * e o % x*

» 2.7 g o0 o %= e NRos, o Mean

£ ' S o Sty Aeteds o Mean £ -1.44

§ 1.96 SD -% 2 SRS o. .. ..O. 4 2 : D) K -41.21 g

S .60- 4428 01901 o fy W3W LT o 2 1.96 SD
® 8 -150- S . +196SD &

€ o 2 . ST16020 = 642

o % I P SN AN S AN S | © 200 —Y o —T T

100 200 300 400 500 £ 300 400 500 600 700 800 900 1000 30 40 50 60 70
Mean of skin color level = Mean of skin color temperature Mean of skin color hue

Figure | Bland—Altman plots showing agreement between YLGTD user self-assessment and physician measurements (n = 105). Panels (A—F) correspond to the parameters
L, a, b, skin color level, skin color temperature, and skin color hue, respectively. The y-axis represents the difference between user and physician measurements (user —
physician), and the x-axis represents their mean. The central dotted line indicates the mean bias, and the dashed lines indicate the upper and lower 95% limits of agreement.
Some points overlap due to identical values.

(A) (B)

Figure 2 Facial images captured by YLGTD (A) and VISIA (B).

Bland—Altman analysis showed varying mean biases across parameters. In the user mode, bias values ranged from
—10.90 to 94.52, while in the physician mode they ranged from —3.25 to 136.60. Correspondingly, relatively wide 95%
LoA were observed. Nevertheless, the proportions of differences within the LoA remained high, ranging from 92.08% to
97.03%.

Criterion Validity of YLGTD and VISIA Compared with Dermalab Combo

Criterion validity relative to Dermal.ab Combo is summarized in Table 4. In the user self-assessment mode, YLGTD showed
strong correlations with DermaLab Combo for L* (r = 0.71) and chroma (C*, r = 0.78), and moderate correlations for b* (r =
0.59) and hue (h°, r = 0.57). Skin color level showed a strong negative correlation with ITA® (r = —0.81), whereas the
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Table 3 Agreement Between YLGTD and VISIA for Skin Color Assessment

YLGTD Measurement Mode Parameter ICC (95% CI) Bland-Altman

Bias SD 95% LoA Proportion
Within LoA

User mode L 0.56 (0.41-0.68) 7.33 7.12 —6.63 to 21.29 94.06%

a 0.15 (-0.05-0.33) 0.21 3.1 —5.89 to 6.30 94.06%

b 0.50 (0.34-0.63) 4.14 342 —2.57 to 10.84 96.04%

Skin color level 0.78 (0.69-0.84) —-10.90 36.05 —81.57 to 59.76 97.03%

Skin color temperature 0.69 (0.58-0.78) 94.52 95.79 —93.22 to 282.30 95.05%

Skin color hue 0.54 (0.39-0.67) 5.31 4.17 —2.86 to 13.49 92.08%

Physician mode L 0.56 (0.41-0.68) 7.37 6.69 —5.74 to 20.47 94.06%

a 0.24 (0.05-0.42) —0.02 238 —4.67 to 4.64 94.06%

b 0.60 (0.45-0.71) 5.12 2.85 —0.46 to 10.70 96.04%

Skin color level 0.74 (0.64-0.82) -3.25 38.50 —78.82 to 72.21 97.03%

Skin color temperature 0.67 (0.54-0.76) 136.60 100.1 —59.62 to 332.8 95.05%

Skin color hue 0.59 (0.45-0.70) 6.82 3.73 —0.48 to 14.12 92.08%

Notes: Four VISIA images were unavailable; analyses were conducted on |01 participants. L, lightness; a, red-green axis; b, yellow-blue axis. Skin color level, skin color
temperature, and skin color hue represent skin lightness, color saturation, and hue, respectively.
Abbreviations: ICC, intraclass correlation coefficient; Cl, confidence interval; SD, standard deviation; LoA, limits of agreement.

Table 4 Criterion Validity of YLGTD and VISIA Compared with DermalLab Combo for Skin Color Assessment

Parameter Comparison YLGTD (user Mode) YLGTD (Physician Mode) VISIA
r (95% CI) P r (95% CI) p r (95% CI) p

L vs. L* 0.71 (0.60-0.79) < 0.0001 0.77 (0.68-0.84) < 0.0001 0.56 (0.41-0.68) < 0.0001
avs. a* 0.21 (0.02-0.39) 0.0313 0.28 (0.10-0.45) 0.0029 0.55 (0.40-0.67) < 0.0001
b vs. b* 0.59 (0.45-0.71) < 0.0001 0.75 (0.65-0.82) < 0.0001 0.79 (0.70-0.85) < 0.0001
Skin color level vs. ITA® —0.81 (-0.87--0.73) | <0.000! | —0.87 (—0.91--0.81) | < 0.0001 | —0.68 (-0.77-—0.56) | < 0.0001
Skin color temperature vs. C* 0.78 (0.70-0.85) < 0.0001 0.84 (0.77-0.89) < 0.0001 0.74 (0.63-0.81) < 0.0001
Skin color hue vs. h° 0.57 (0.43-0.69) < 0.0001 0.65 (0.52-0.75) < 0.0001 0.74 (0.63-0.81) < 0.0001

Notes: YLGTD analyses were based on 105 participants; VISIA-based analyses were based on [0l participants. The asterisk (¥) denotes parameters in the
CIELAB color space. L*, lightness; a*, red-green axis; b*, yellow-blue axis; ITA®, individual typology angle; C*, chroma; h°, hue. L, a, and b correspond to analogous
parameters measured by YLGTD. Skin color level, skin color temperature, and skin color hue represent skin lightness, color saturation, and hue, respectively.
Abbreviations: r, Pearson’s correlation coefficient; Cl, confidence interval.

correlation between a and a* was weak (r = 0.21). In the physician measurement mode, correlations with Dermal.ab Combo
were generally stronger, with strong correlations for L* (r=0.77), b* (r=0.75), ITA® (r =—0.87), and chroma (C*, r = 0.84),
moderate correlation for hue (h°, r = 0.65), and weak correlation for a* (r = 0.28). Compared with both YLGTD modes,
VISIA showed a moderate correlation for a* (r = 0.55) but weaker correlations for L* (r = 0.56) and ITA® (r = —0.68).

Discussion

This study evaluated the reliability and validity of the smartphone-based application YLGTD for facial skin color
assessment compared with two reference devices: the VISIA imaging system and the Dermalab Combo
spectrophotometer.

Using ICC and Bland—Altman analyses, our findings indicated that YLGTD achieved excellent reliability (ICC:
0.85-0.95) in both user self-assessment and physician measurement modes, with small biases in the L, a, and
b parameters. The dual-mode design allowed evaluation of measurement consistency under different usage conditions.
Images in physician mode were captured using a uniform device under controlled settings, whereas participants in user
mode used personal smartphones from multiple brands in everyday environments. Subgroup analyses stratified by

smartphone platform also showed comparable reliability between iPhone and Android devices. Together, these results
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suggested that the standardized workflow and integrated correction algorithm may reduce measurement variability across
devices and usage conditions. These findings were consistent with previous studies reporting reliable performance of
smartphone-based dermatologic assessment tools in heterogeneous real-world settings.?!

Among the evaluated parameters, the a parameter (ICC = 0.85) showed slightly lower inter-rater reliability than
L (ICC = 0.95) and b (ICC = 0.93), although all parameters still demonstrated excellent reliability. Similar observations
have been reported in previous DermalLab studies of erythema assessment.”? This discrepancy may reflect the greater
sensitivity of erythema-related signals to subtle physiological fluctuations and environmental illumination. These findings
emphasized the importance of standardized image acquisition protocols and appropriate user guidance when assessing
erythema-related parameters.

In addition to the basic color parameters, the derived composite indices—skin color level, skin color temperature, and
skin color hue—also exhibited excellent reliability (ICC: 0.89-0.95). Although skin color level and temperature showed
relatively larger absolute biases due to their broader measurement ranges, more than 92% of observations remained
within the 95% limits of agreement. By transforming conventional CIELAB metrics into more intuitive representations,
these indices may enhance interpretability and improve accessibility for non-specialist users.

VISIA is a widely used facial imaging system in dermatology and cosmetic research that provides standardized
images for precise skin assessment. Previous studies have shown that VISIA-derived indicators, such as brown spots,
correlate with melanin levels, whereas red areas reflect erythema severity.'*?® In the present study, agreement between
YLGTD and VISIA ranged from poor to excellent across parameters, with poor agreement observed for the a parameter
and good-to-excellent agreement for most other skin color parameters. Systematic biases were observed, which may
reflect hardware-related differences between VISIA and smartphone cameras. VISIA uses a standardized illuminant,
whereas smartphone imaging relies on flash LEDs with different spectral power distributions and lower color rendering
indices.>*** Smartphone flash LEDs typically exhibit blue-dominant spectra, which may influence skin color appearance
and contribute to measurement discrepancies.”**> Despite these differences, the results suggested that smartphone-based
skin tone assessment may provide comparable information for several melanin-related parameters, particularly L and
chroma, which are commonly used indicators of pigmentation.

Dermalab Combo is a specialized skin analysis instrument primarily used in cosmetic research. Its color probe
employs reflectance spectrophotometry to quantify melanin and erythema within the CIELAB color space, providing
objective and standardized skin color measurements.”® Previous studies have reported excellent inter-rater reliability
(ICC: 0.94-0.98) for Dermal.ab measurements, supporting its role as a reference device for quantitative skin color
assessment.”?

In comparison with DermalLab Combo, YLGTD demonstrated strong correlations for L* (lightness) and C* (chroma)
parameters, particularly in the physician mode, indicating high consistency with spectrophotometric measurements. The
pronounced negative correlation between skin color level and ITA® further supported the capability of YLGTD in
characterizing pigmentation gradients. These findings suggested that smartphone-based tools may provide a practical
approach for skin tone classification in non-specialized settings. However, weak correlations were observed for the
erythema-related a* parameters, which also showed lower agreement in the VISIA comparison. This limitation may be
partly related to spectral constraints of smartphone flash LEDs, particularly the insufficient red spectral components that
are important for accurate erythema detection.”’

Objective skin color assessment plays an important role in dermatologic practice, particularly for pigmentation
evaluation, treatment monitoring, and photodamage assessment. As an accessible and cost-effective approach, smart-
phone-based skin color quantification may facilitate large-scale screening, longitudinal monitoring, teledermatology
consultations, and objective evaluation of cosmetic or laser treatment outcomes. These applications may be particularly
valuable in primary care settings and resource-limited regions where professional imaging devices are unavailable.
Overall, YLGTD provides a practical and economical option for precision skin color assessment in real-world settings.

This study has several limitations that should be acknowledged. First, the single-center design, relatively small
sample size, and recruitment of participants from a relatively homogeneous Chinese population may limit the general-
izability of the findings. Second, erythema-related measurements remain more susceptible to hardware and illumination
constraints. Third, only participants with normal facial skin were included, and applicability to pathological skin
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conditions requires further investigation. Future studies should include larger multi-center populations, optimize imaging
techniques, and evaluate performance in pathological skin conditions.

Conclusion

Overall, the smartphone-based application YLGTD demonstrated excellent reliability and acceptable validity with
established reference devices, particularly for pigmentation-related parameters including lightness and chroma.
Through standardized image acquisition and algorithm-based color correction, YLGTD enables consistent skin color
evaluation across different devices and diverse real-world conditions. As a convenient, cost-effective, and user-friendly
tool, it offers an accessible approach for objective skin color assessment, with potential applications in longitudinal skin
monitoring and personalized skincare evaluation. Further validation in larger multi-center populations and continued
optimization of erythema-related algorithms are warranted.
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