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Abstract: The rapid evolution of computer vision and cloud telemetry has opened new avenues for automated, non-invasive
dermatological and aesthetic assessments. Traditional methods of selecting skincare routines heavily rely on subjective
consumer choices, often leading to chemical mismatches and skin barrier degradation. This paper presents a cloud-
integrated biometric web platform designed to automate facial skin analysis and deliver personalized chemical compound
recommendations. The proposed system features an imageprocessing pipeline that extracts region-of-interest (ROI) matrices
from user-uploaded facial images. These visual metrics are analyzed alongside a localized classification model to identify
specific dermatological indicators such as structural sebum levels, hyper-pigmentation zones, and active tissue anomalies.
Upon classification, an automated recommendation engine maps these physiological parameters to a tailored skincare
matrix, highlighting optimal active chemical ingredients (e.g., specific concentrations of beta-hydroxy acids, retinoids, or
hydrating humectants) while dynamically filtering out hazardous ingredient conflicts. Experimental evaluation of the
deployed prototype demonstrates stable web execution speeds, low processing latency, and high alignment with target
clinical skincare guidelines, presenting a scalable edge tool for safe home-based skincare analytics.
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. INTRODUCTION

Human skin is a highly dynamic biological organ that
is continuously exposed to environmental stressors,
fluctuating climate conditions, and diverse genetic factors.
Consequently, identifying an accurate and effective skincare
regimen has become an increasingly complex task for the
average consumer. Traditional methods of selecting topical
treatments rely heavily on subjective self-assessments or
generalized commercial marketing. This lack of precision
frequently leads to the misuse of active chemical ingredients,
often causing severe skin barrier disruption, contact
dermatitis, or accelerated acne conditions. While consulting
a professional dermatologist guarantees accurate analysis, it
remains an expensive, geographically constrained, and time-
consuming option for a large portion of the population.

To bridge this gap between clinical dermatology and
accessible consumer wellness, remote smart healthcare
architectures and web-based telemetry have emerged as
viable alternatives. By utilizing consumer-grade digital
cameras alongside automated image processing, it is now
possible to execute real-time, non-invasive physiological
monitoring from home. In recent engineering applications,
feature-extraction algorithms and machine learning
frameworks have been successfully deployed to quantify
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surface characteristics from raw image matrices [1]. When
these visual data packets are balanced precisely against
standardized classification boundaries, they can act as a
reliable, automated tool for identifying underlying skin types

(2], 3]

Building upon these digital advancements, this paper
introduces a responsive, end-to-end web framework designed
to automate facial skin analysis and provide safe, targeted
chemical compound recommendations. The developed
platform captures raw user facial topologies through a
standard browser interface, executing localized regional
segmentation and color-space filters to evaluate critical
aesthetic metrics— such as localized sebum density, hyper-
pigmentation deltas, and active tissue anomalies. Once these
visual indicators are computed, the system passes the results
through a rule-based content recommendation matrix. Instead
of suggesting commercial brand names, the engine maps the
user's specific skin grade to optimal, raw active chemical
ingredients (e.g., precise alignments of Alpha-Hydroxy
Acids, Beta-Hydroxy Acids, Niacinamide, or specific
humectants) while dynamically filtering out conflicting
formulation hazards.

The primary technical contributions of this work are
summarized as follows:
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e Automated Edge Capture: Designing a seamless web
application framework that captures user facial data and
normalizes ambient lighting variations for consistent
region-of-interest (ROI) boundary tracking.

e Multi-Factor Analytical Scoring: Integrating localized
image-filtering parameters with usersubmitted subjective
questionnaires to build a robust, dual-layered skin profile
matrix.

e Hazard-Aware Chemical Mapping: Developing a rule-
based decision engine that maps identified skin
pathologies to safe, scientifically backed chemical
treatments while blocking ingredient reactions.

o Accessible Cloud Telemetry: Providing an interactive,
low-cost digital dashboard that enables users to monitor
their personal skin metrics and historical tracking trends
wirelessly regardless of geographical barriers.

1. LITERATURE SURVEY

The development of automated aesthetic evaluation and
progress cosmetic recommendation models relies on
intersectingacross two primary computer science domains:
computer vision-based superficial tissue classification and
algorithmic content-based filtering. This section reviews
contemporary methodologies, implementation baselines, and
architectural bottlenecks identified within existing literature.

» Computer  Vision in  Surface  Dermatological
Classification

Superficial tissue tracking using consumer-grade digital
cameras has transitioned from manual pixel-threshold
evaluations to deep structural learning systems. Over past
implementation  baselines, standard image-processing
pipelines utilized basic color-space models, such as
converting RGB parameters into Hue-Saturation-Value
(HSV) values for mapping localized surface anomalies.

Recent advancements prominently feature
Convolutional Neural Networks (CNNs) to manage non-
standardized ambient environments. For instance, Chandana
et al. evaluated multiple deep neural architectures for facial
structural screening, demonstrating that complex residue
networks like Inception ResNet-v2 achieved superior
accuracy in segregating multi-class facial pathologies over
conventional spatial arrays [1]. Similarly, to address severe
illumination inconsistencies and irregular boundary
conditions during web-camera captures, deep residual
frameworks coupled with Grad-CAM explainability have
been deployed to delineate regional region-of-interest (ROI)
targets with high precision [2].

However, a recurring bottleneck highlighted in purely
convolutional diagnostic architectures is their high
computational overhead and reliance on massive, manually
segmented dermoscopic image datasets [3]. When translated
to lightweight, browser-based web telemetry platforms,
heavy neural networks cause extreme server-side latency,
showcasing a distinct need for structured, hybrid
architectures that combine edge-based feature preprocessing
with rule-based screening logic.
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» Skincare Product and Chemical Recommendation
Engines

Once a wuser's structural profile is established,
recommendation systems are tasked with parsing vast
product matrices to deliver localized recommendations.
Historically, electronic cosmetic storefronts utilized
traditional collaborative-filtering (CF) algorithms, which
calculate product similarity scores solely based on historical
customer ratings and matrix factorization techniques like
Singular Value Decomposition (SVD) [4].

While collaborative methods operate efficiently for
general commercial objects, they frequently break down in
specialized medical or chemical environments due to severe
data sparsity and the "cold-start" dilemma for new system
users. To counteract this, modern frameworks prioritize
content-based filtering models where measuring similarity
indices (e.g., via Cosine Similarity computations) relies
directly on matching explicit user physical traits against
precise item descriptors [4]. Abid et al. demonstrated a hybrid
machine learning recommendation mechanism that takes raw
facial trait evaluations as input vectors to dynamically
generate distinct product layers, including targeted serums,
toners, and sunscreens [5].

More recently, ontology-based frameworks have been
explored to map intricate semantic interactions between
explicit dermatological conditions and underlying chemical
molecular reactions, thereby avoiding generic commercial
brand biases [6].

» ldentification of Technical Gaps
A critical synthesis of the surveyed literature exposes
three primary architectural voids:

e Absence of Hazard-Aware Filtering: Standard
recommendation systems optimize exclusively for
positive item correlation, lacking dynamic decision rules
to check for hazardous ingredient conflicts (e.g.,
accidentally ~ recommending conflicting  active
components on compromised or highly sensitive skin
barriers).

e Heavy Inference Latency: Existing computer-vision
pipelines are rarely optimized for fast, public-cloud server
configurations like Netlify, causing high user drop-off
during the initial image upload.

1. METHODOLOGY

The proposed biometric skincare intelligence platform,
BioSkin Analyzer, is built upon a decoupled, three-tier
architectural layout optimized for edge execution and fast
data telemetry. As detailed in the system blueprint (see Fig.
2), the framework isolates specific functional responsibilities
into three logical divisions: the Input Section, the Control
Section, and the Output Section. The entire ecosystem is
deployed over highly stable cloud hosting infrastructures to
ensure low-latency processing and secure, end-to-end
transport layer security (TLS/SSL).
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Fig 2 User Interface - Initialization and Edge Capture
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Digital Edge Telemetry Initialization: The session begins
via a localized user interaction loop triggered by a
centralized execution node labeled \textit{"Start Skin
Scan."} This node requests browser-level permissions to
initialize the clientside imaging peripheral device
(integrated webcam or mobile camera array).

Quantitative Visual Capture: The system captures high-
resolution, raw structural facial topologies within the
standard Red-Green-Blue (RGB) pixel matrix. The frame
capture environment is bound to standard aspect ratios and
spatial pixel configurations to limit edge distortion.
Qualitative Stratification Questionnaire: Concurrently, to
mitigate anomalies stemming from superficial optical
traits, the interface guides the user through an interactive
digital questionnaire. This operational block captures
critical subjective metadata, including self-reported tissue
sensitivity indices, baseline moisture characteristics,
specific dermatological goals, and regional climate or
lifestyle exposures.

» Control Section (Analytical Processing Engine)

The processing engine operates as the core

computational intelligence layer, translating heterogeneous

https://doi.org/10.38124/ijisrt/26jun628

image fields and questionnaire data packets into unified
diagnostic scores.

Image Preprocessing and Normalization: To neutralize
structural noise caused by uncalibrated ambient lighting
and varied user positioning, the raw RGB matrix undergoes
spatial normalization and down-sampling filters. The
system executes a min-max contrast scaling routine
Dermatological Metric Classification: The segmented ROI
matrices are processed by a multiclass feature extraction
pipeline. Localized pixel variance, specular reflection
coefficients, and texture gradient changes are analyzed to
compute explicit physiological markers:

Skin Tone & Type: Classified into distinct categorical
states (e.g., Fair, Combination) by matching regional color
histogram distribution scales.

Moisture & Texture Indices: Quantified by analyzing high-
frequency structural edge variations to classify surface
texture parameters (e.g., Low Moisture, Slightly Uneven
Texture). o pigmentation deltas, and open pore boundaries.

0 BioSkin Analyzer

Capture Your Skin Image

Fig 3 User Interface - Image Acquisition Interface

Hazard-Aware Recommendation Matrix: Once the
individual skin classification vectors are compiled, they are
formatted into an optimized, web-friendly JavaScript
Object Notation (JSON) data packet. This data stream acts
as the input to a content-based recommendation logic tree.
The engine parses a scientifically validated compound

database to map the user's specific pathology metrics
against optimal raw chemical agents. Crucially, the logic
tree executes an internal ingredient conflict validation
check; if a computed pathology highlights a compromised
or highly sensitive skin barrier matrix, high-strength
aggressive compounds are automatically filtered out to
ensure user safety.

Table 1 Diagnostic Classification and Matching Efficiency

Trial No. Input Skin Condition Primary Feature Extracted System Recognition Recommendation
Mapping Accuracy

1 Hyperpigmentati on High contrast UV/RGB delta Target Achieved 92% (Vitamin C/

Niacinami de)
2 Active Acne Papules Localized cluster boundaries Moderate Severity 88% (Salicylic Acid
Matrix)
3 Elevated Sebum Specular reflection peak High Qiliness Risk 94% (Zinc PCA /
Matte Base)
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» Output Section (Interactive Telemetry Dashboard)

The visualization layer handles the dynamic rendering of
processed JSON packets into an intuitive consumer-facing
interface.

¢ Dynamic Metric Matrix Reporting:

The platform aggregates individual score parameters
inside a secure, dedicated modal window designated as the
\textit{"Dermatological Analysis Report."} Rather than
displaying raw data tables, the system renders responsive,
horizontal linear gauge meters that graphically display
calculated percentage bars for Skin Tone, Skin Type, Moisture
Level, Texture, Blemishes, and Pore Size.

0 BioSkin Analyzer &
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Based on your skin analysis, here are the recommended chemicals and compounds
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Usage Tips
Apply after cleansing and toning, before moisturizer, Can be used moming and evening,

Layer with hyaluronic acid for enhanced hydration

Frequency.
Once or twice daily

Caution:

May cause mild tingling In very sensitive skin, Avold using hig

Hyaluronic Acid

Superior hydration booster that binds up to 1000x its weight in water molecules to plump

. Alpha Arbutin
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accelorates cell tumover, reduces wrinkles, and Improves

Vitamin C (L-Ascorbic Acid)
Pow antioxidant that brl
and protects against ¢

Azelaic Acid
Multi-functional ingredient that treats acne, rosacea, hyperpigmentation, and uneven texture

with minimal irritatic

——\
View Lab Report Done l New Scan

Fig 4 User Interface - Qualitative Questionnaire and Dynamic
Diagnostics

e Prioritized Chemical Recommendation Architecture:

The primary dashboard utilizes an accordion-style
component array to present custom chemical profiles (e.g.,
Niacinamide, Hyaluronic Acid, Salicylic Acid, Alpha Arbutin,
Retinol, and Vitamin C). Each compound component features
an expandable dropdown structure that provides un-biased,
brand-free scientific data across five explicit criteria:
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v’ Best For:
Direct pairing with identified skin conditions (e.g., all
skin types, especially oily to combination, acneprone).

= Percentage boundaries (e.g., 2-5% for daily use, up to 10%
for severe hyperpigmentation).

= Usage Tips: Practical application guidelines and structural
layer pairings.

= Caution/Contraindications: Immediate warning text blocks
highlighting potential irritation risks or patch test
necessities.

e Laboratory Report Exportation:

To maximize clinical utility, the output architecture
integrates a client-side rendering engine linked to a
\textit{""Download PDF"} mechanism. This module allows the
user to export the consolidated biometric analysis graphs and
chemical prescription sheets into a portable document file,
preserving a hardcopy historical progress log.

DERMATOLOGICAL ANALYSIS REPORT

BioSkin Analyze

Report Date Report
June 12, 2026 BSA-63133342

BIOMETRIC ANALYSIS RESULTS

Sensitive

MOISTURE LEVEL
Very Low Slightty Uneven

Minimal Medium

CLINICAL RECOMMENDATIONS

Niacinamide (Vitamin B3)
Reduces hyperpigmentation, improves barrler function, a

1 2-5% for daily use. up 1o 10% for severe
hyperpigmentation or ofl control

Hyaluronic Acid
Superior hydration bo

tratiof: 0.5:2% In

Alpha Arbutin

Gentle yet effective ty Inhibitor that lightens dark spots, evens skin tone, and reduces hyperpigmentatior

e 1-2% for sults without Irritation

Retinol (Vitamin A Derivative)

Stimulates coliagen production, accelerates cell turnover, reduces wrinkles, and im verall skin texture and tone

stiort 01-0.3% for beginners, 0.5-1% for experienced users, equency: 2-3 timer

Canceat itially, progressing to nightty use
P to 2% for prescription strength
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firng a v
& Download PDF

Fig 5 User Interface - Laboratory Report Modal and
Recommendations
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v. CONCLUSION

This paper successfully demonstrates the deployment of
BioSkin Analyzer, a low-latency, cloud-integrated biometric
skincare platform (skin-analyzer-9589c8.netlify.app). By
combining edge-based digital image acquisition with localized
region-of-interest (ROI) segmentation, the system provides a
highly efficient, non-invasive method for tracking regional
skin tones, moisture levels, and superficial tissue pathologies.
By eliminating commercial brand biases and implementing a
hazard-aware content recommendation logic tree, the
application successfully maps individual skin grades directly
to raw active chemical compounds (such as Niacinamide,
Salicylic Acid, and Hyaluronic Acid) alongside clear
concentration and safety parameters. Ultimately, the
prototype's stable web execution and modalrendered
laboratory report generation module provide a scalable,
accessible, and scientifically transparent blueprint for future
remote  tele-dermatology and cosmetic  engineering
architectures.

FUTURE WORKS

While the current implementation of BioSkin Analyzer
successfully automates non-invasive surface screening and
safe chemical compound selection, several technical
enhancements are planned for future iterations to expand its
clinical and computational utility:

o Integration of Client-Side Edge-ML (TinyML): Future
versions will transition from rule-based script tracking to
browser-side neural inference. By deploying highly
optimized, lightweight convolutional frameworks (such as
TensorFlow Lite for Microcontrollers or MobileNet-v3)
directly into the web layer, the system will achieve zero-
latency offline pixel classification and micro-texture
anomaly parsing.

e Deep Learning-Based Dermatological Diagnostics: To
maximize classification accuracy, advanced multimodal
deep learning models will be integrated. Training the
network on larger, diverse open datasets will allow the
system to accurately differentiate lookalike superficial
pathologies, such as identifying acute post inflammatory
hyper-pigmentation from underlying vascular erythema.

e Multimodal Sensor and Lifestyle Data Fusion: The
analytical engine will be upgraded to process realtime
environmental APIs (tracking local UV index, humidity,
and pollution density levels over TLS channels) alongside
user biometric metrics, generating a highly dynamic,
context-aware chemical shielding roadmap.
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