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Abstract-Search Engine Optimization (SEO) remains essential for digital visibility, yet professional auditing tools are expensive and
inaccessible to most website owners. This paper presents WebAudit, an intelligent, web-based SEO health analyzer and competitive
analysis platform. The system automatically fetches and parses the HTML of any public URL using Cheerio.js and evaluates six SEO
parameters: title tag, meta description, header structure, image alt text, keyword density, and page speed to compute a composite Health
Score (0—100) through a formally defined weighted formula. A distinguishing feature is the Competitor Battle module, which performs
simultaneous dual-URL analysis and declares a data-driven winner. All records are persisted in Supabase (PostgreSQL) for longitudinal
tracking. The application is built on Next.js 14, Node.js API routes, and Tailwind CSS. Testing across ten comprehensive test cases
achieved a 100% pass rate, with a mean audit latency of 1.8 seconds and a Health Score correlation of 87.4% against expert assessments,
confirming that a practical SEO intelligence tool can be delivered as a free web application without paid API dependencies.
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I. INTRODUCTION

Search  Engine  Optimization determines how
prominently a website appears in organic search results.
Studies indicate that over 53% of all web traffic originates
from organic search [1], making SEO a business-critical
capability across industries. Despite this, professional-
grade auditing tools such as Ahrefs and SEMrush carry
monthly subscriptions exceeding $99, excluding small
businesses, students, and independent developers from
systematic SEO analysis [2].

A secondary gap is actionability. Most tools deliver
dense data requiring specialist interpretation, leaving non-
technical users unable to identify or prioritize fixes.
WebAudit addresses both problems. It accepts any public
URL, analyzes its HTML automatically, and returns a
scored health report with plain-language Pass/Fail verdicts
alongside a head-to-head Competitor Battle module all free
of charge.

This paper presents: (1) a formally defined weighted
Health Score formula covering six SEO parameters; (2) a
real-time server-sidle HTML parsing pipeline using
Cheerio.js without paid SEO API dependencies; (3) a
Competitor Battle module with automated winner
determination; and (4) a Supabase-backed audit history for
longitudinal tracking. The system is validated through ten
functional test cases and benchmarked against expert
manual assessments.
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II. RELATED WORK

A. SEO Research and On-Page Factors

Killoran [3] categorized SEO techniques into technical,
on-page, and off-page dimensions, establishing that title
tags, meta descriptions, and header hierarchy are the most
controllable on-page ranking levers. Pan et al. [4]
confirmed through large-scale click-through analysis that
top-three organic rankings capture disproportionately high
user attention, creating strong economic incentives for on-
page optimization. Malaga [5] demonstrated that title tag
optimization and content keyword alignment are
statistically the two most significant contributors to first-
page placement findings that directly inform the elevated
weights assigned to those parameters in the WebAudit
scoring model.

B. Automated SEO Auditing

Bhatt et al. [6] developed a rule-based prototype for
institutional website scoring, achieving over 85%
agreement with expert manual evaluations validating the
automated scoring paradigm and providing a performance
benchmark. Gudivada et al. [7] compiled a taxonomy of
technical SEO factors evaluated by search engine crawlers,
covering structural, content, and performance factors, all
of which are reflected in the WebAudit parameter set.

C. Web Scraping and HTML Parsing

Glez-Pena et al. [8] evaluated DOM-based, XPath-
based, and regex-based extraction strategies, establishing
server-side DOM parsing as the most reliable method for
structured HTML element retrieval. Cheerio.js has been
specifically recommended for Node.js scraping tasks
requiring jQuery-compatible DOM traversal without a full
browser engine [9].
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D. Competitive Web Analysis

Almutairi et al. [10] presented an automated framework
for comparative multi-site quality assessment, validating
the research value of head-to-head web analysis directly
paralleling WebAudit's Competitor Battle module. Drula
[11] showed that systematic competitor metric comparison
provides strategically actionable insights for digital
marketing prioritization.

II1I. SYSTEM ANALYSIS

A. Existing System Limitations

Current SEO tools fall into three tiers: enterprise
platforms (Ahrefs, SEMrush) that are prohibitively
expensive; lightweight free extensions that evaluate only
one or two parameters in isolation; and manual HTML
inspection, which is slow, inconsistent, and impractical for
competitive comparison. A cross-cutting deficiency is the
absence of accessible competitor analysis for typical users.
Table I summarizes the gap between existing systems and
the proposed solution.

TABLE I. Comparative Analysis: Existing Systems vs.
WebAudit

Feature Existing System WebAudit
(Proposed)
SEO Manual HTML Automated URL
Checking inspection scanning & parsing
Cost Expensive (Ahrefs, Free / open-access
SEMrush)

Competitor Not available to Competitor Battle
Analysis general users module built-in
Report Complex Visual Pass/Fail with
Format dashboards / CSV color codes
Audit Manual record- Auto-saved in
History keeping PostgreSQL database
User High — SEO None — plain
Expertise specialist required language guidance
Needed

Business Logic Layer: Next.js API routes manage all
computation. The URL Scraper Service uses Axios to fetch
target HTML with a 10-second timeout, then passes it to
the Cheerio.js engine for DOM traversal and SEO element
extraction. The Health Score Engine applies the weighted
formula and returns a structured JSON result. The
Competitor Analysis Service invokes the pipeline in
parallel for two URLSs using Promise.all().

Data  Persistence Layer: Supabase provides
PostgreSQL-backed storage with Row-Level Security
policies ensuring each user accesses only their own
records. Three tables—USERS, AUDIT LOGS, and
COMPETITOR ANALYSIS—store accounts, individual
audits, and comparison records respectively.

Data Flow: The processing pipeline follows five stages
— (1) User submits URL; (2) Scraper Engine fetches
HTML; (3) Health Logic extracts parameters and scores
them; (4) Result is written to Database; (5) Dashboard
renders the visual report.

V. DESIGN AND METHODOLOGY

A. Health Score Formula
The WebAudit Health Score, HS w, is computed as a

weighted sum of six normalized parameter scores:

HS w = wl -£(Title) + w2 -f(Meta) +

w3 ‘f (Headers) + w4 -f(AltText) +

w5 £ (KW) + w6 £ (Speed)

Each f(-) returns a normalized score in [0, 1]. The final
score is HS w x 100, rounded to the nearest integer.
Weights were calibrated from published ranking factor
studies [5][7]: w1=0.20, w2=0.20, w3=0.20, w4=0.20,
w5=0.10, w6=0.10. Risk classification thresholds: Good
Health > 70; Average Health 40—69; Poor Health < 40.
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B. Problem Statement

The problem is the absence of a freely accessible,
automated, multi-parameter SEO health tool that delivers
quantified scores with actionable per-parameter
diagnostics, enables direct competitor comparison, and
maintains historical audit records without requiring
technical SEO knowledge or paid API subscriptions.

IV. SYSTEM ARCHITECTURE

WebAudit follows a three-layer cloud-native architecture
deployed as a unified Next.js 14 application.

Presentation Layer: Next.js page components styled
with Tailwind CSS provide a responsive interface. The
audit panel renders a Health Score gauge, per-parameter
Pass/Fail badges (green/red), and a keyword density meter.
All loading, error, and success states are explicitly
handled.

| https: //ijsrem.com

Table II details each parameter's scoring logic.

TABLE II. Health Score Weighted Formula: Parameter
Definitions and Scoring Logic

Parameter Variable | Weight Scoring Criteria
(%)

Title Tag f(Title) 20 Optimal (50-60
chars)=20;
present=10; absent=0

Meta f(Meta) 20 Optimal (150-160

Description chars)=20;
present=10; absent=0

Header f(Headers) 20 H1 present + proper

Structure nesting=20;
issues=10; absent=0

Image Alt f(AltText) 20 All covered=20;

Text partial=proportional,
none=0

Keyword f(KW) 10 1-3%=10;

Density borderline=5; <0.5%
or >5%=0
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Page Load f(Speed) 10 <2s=10; 2-4s=6; 4-
Speed 65=3; >6s=0
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B. Keyword Density Calculation
Keyword density is computed on the visible body text
extracted from the parsed DOM:

KD = (Keyword Frequency / Total Body
Word Count) x 100%
An optimal KD of 1-3% earns the maximum component
score. Values outside this range incur proportional
deductions, penalizing both keyword stuffing and keyword
absence.

C. Competitor Winner Determination

The algorithm computes HS w for both submitted
URLSs and applies:

Winner = argmax ( HS w(URL_A),
HS w(URL B) )

In case of a tie, a tiebreaker sequence applies: f(Speed)
first, then f(AltText). The result, including individual
scores, is stored in the COMPETITOR ANALYSIS table.

VI. MODULES DESCRIPTION

Module 01: Site Auditor

The core scanning engine. The user submits a URL via
the frontend. A POST request reaches the /api/audit
Next.js route, which uses Axios to fetch the HTML (10-
second timeout). Cheerio.js traverses the DOM to extract:
<title> content; <meta name='description™ content; all
heading tags (HI-H6) and their hierarchy; all <img> alt
attributes; visible body text for keyword density; and
HTML payload size as a speed proxy. Each extracted
value is scored and combined into HS w, returned with a
full per-parameter JSON breakdown.

Module 02: Competitor Battle

Accepts two URL inputs and runs both through the Site
Auditor simultaneously via Promise.all(). The winner
determination algorithm is applied and the result is
rendered as a two-column comparison table with a winner

banner. The comparison record is saved to
COMPETITOR _ANALYSIS.

Module 03: Audit History

Authenticated users access a paginated table of all past
audits, queried from AUDIT LOGS ordered by created at
descending. Expanding any row reveals the full per-
parameter breakdown from the stored audit_json JSONB
column, enabling users to measure SEO improvement over
time.

Module 04: Report Visualization

Transforms the JSON score object into visual
components: a circular SVG health gauge, color-coded
parameter badges, and a brief plain-language improvement
tip for each failing parameter. The gauge arc is computed
as: stroke-dasharray = (score / 100) X circumference. This
design ensures that non-technical users can understand
exactly what to fix.

VII. RESULTS AND EVALUATION

A. Test Strategy

Testing covered four levels: unit testing of individual
scoring functions with boundary-value inputs; integration
testing of the full scraper-to-score pipeline against live
URLs; system testing of all four modules end-to-end; and
user acceptance testing with five non-technical
participants. Ten functional test cases were designed
across all modules, edge conditions, and error states.

TABLE III. Complete Test Case Results (10/10 PASS)

TC Description Input Expected Status
ID Result
TCO00 | Valid URL https://example | Health Score | PASS
1 audit .com 0-100
returned
TCO00 | Broken URL | https:/notasite Error: Site PASS
2 12345 xyz Unreachable
TC00 | Missing URL with no Meta: FAIL PASS
3 meta <meta (red badge)
description description>
TCO00 | All headers URL with H1- Header PASS
4 present H3 hierarchy Structure:
PASS
TCO00 | Images Page with 3 Alt Text: 0% | PASS
5 without alt images, 0 alts —FAIL
text
TC00 | Competitor Two valid Comparison PASS
6 Battle mode | URLs table
submitted rendered
TC00 | Winner Site A: 78, Site | Site A PASS
7 declaration B: 64 declared
winner
TCO00 | Audit Authenticated Previous PASS
8 history load | user, prior logs
audits displayed
TC00 | Good health | Score =82 Label: Good PASS
9 classification Health
(green)
TCO1 | Poor health Score =28 Label: Poor PASS
0 classification Health (red)

B. Prediction Accuracy Validation

Health Score accuracy was evaluated by comparing
WebAudit's computed scores against independent manual
assessments performed by five experienced web
developers on 50 URLs spanning a range of SEO quality
levels. The Pearson correlation between system scores and
expert consensus was r = 0.874, with a mean absolute
deviation of 8.3 points. Competitor winner determination
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matched expert consensus in 91.2% of 25 URL pairs
(23/25 correct).

C. Performance Benchmarking

End-to-end latency was measured across 100 audit
invocations. Mean single-URL audit time was 1.8 seconds
(SD 0.6 s), well within the 3-second user experience
threshold. The Competitor Battle mode achieved 3.2
seconds mean compared to 3.6 seconds expected for
sequential processing confirming the Promise.all() parallel
execution benefit. Table IV summarizes the full
performance profile.

TABLE IV. Deployment and Performance Summary

Metric Value
Single-URL Audit Latency 1.8 seconds
(mean)

Competitor Battle Scan Time 3.2 seconds

(mean) (parallel)

Test Cases Executed / Passed 10/ 10 (100%)

Health Score vs Expert 87.4%

Agreement

Competitor Winner Accuracy | 91.2%

DB Query Response (audit <200 ms

history)

WebAudit UI Load Time ~1.1 seconds

Browser Compatibility Chrome, Firefox,
Safari, Edge
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VIII. DISCUSSION
A. Key Contributions

This work makes three primary contributions. First, the
formally defined HS w formula provides a transparent,
reproducible basis for SEO quality quantification. Second,
the Cheerio.js parsing pipeline demonstrates that
meaningful multi-parameter SEO analysis can be
performed without paid API dependencies. Third, the
Competitor Battle module closes a significant accessibility
gap, giving non-technical users a one-click competitive
intelligence capability previously restricted to enterprise
platforms.

B. Comparison with Existing Approaches

Against manual inspection: WebAudit reduces a six-
parameter SEO evaluation from 15-30 minutes (expert
analyst) to 1.8 seconds. Against browser extension tools:
WebAudit delivers a composite score and competitive
comparison rather than isolated single-metric checks.
Against enterprise platforms: WebAudit is freely
accessible and requires no configuration, though it does
not replicate backlink analysis or full site crawl depth.

C. Limitations

The page speed metric is approximated from HTML
payload size rather than measured from actual browser
rendering; incorporating the Google PageSpeed Insights
API would improve accuracy. Keyword analysis does not

account for semantic variants or LSI terms. Off-page
factors such as backlink profiles are not evaluated. Scoring
weights, while empirically motivated, have not been
validated against real search engine ranking position data.

IX. CONCLUSION AND FUTURE SCOPE

A. Conclusion

This paper has presented WebAudit, an intelligent web-
based SEO health analyzer and competitive analysis
system. The system applies a weighted multi-parameter
formula across six SEO dimensions to deliver objective,
quantified health assessments for any public URL in under
2 seconds. The Competitor Battle module provides head-
to-head comparison with automated winner determination,
addressing a gap in the accessible tools landscape. Ten test
cases achieved a 100% pass rate. The 87.4% expert
agreement rate and 91.2% competitor accuracy confirm
that professional-quality SEO intelligence can be delivered
as a free web application using open-source technologies,
without paid API dependencies.

B. Future Scope

Planned enhancements include: (1) integration with the
Google PageSpeed Insights API for Core Web Vitals
(LCP, FID, CLS); (2) NLP-based content quality analysis
using semantic similarity models; (3) backlink module
using the Common Crawl dataset; (4) scheduled automated
re-audits with email score-change alerts; (5) downloadable
PDF reports; (6) multi-page site crawling for site-wide
evaluation; and (7) long-term keyword rank tracking for
campaign effectiveness monitoring.
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