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Abstract- The proliferation of additive manufacturing
technology has created demand for accessible online
platforms enabling end-users to order customized 3D
printed products. However, existing solutions lack
integrated workflows combining user-uploaded image
processing, automated 3D reconstruction, interactive
visualization, and secure transaction capabilities. This
research presents a novel web-based e-commerce platform
that employs photogrammetry algorithms to transform
multi-angle user photographs into printable 3D models
while providing comprehensive
functionalities including product cataloging, real-time 3D
visualization, secure  payment integration, and

e-commerce

administrative  order  management. The  system
architecture integrates React.js frontend framework with
Tailwind CSS styling, Three.js-based 3D rendering
engines, photogrammetry reconstruction pipelines, and
secure payment gateway APIs. Implementation results
demonstrate successful reconstruction of 3D models from
image sets with appropriate feature detection accuracy,
mesh optimization for manufacturability, and seamless
user experience across the complete workflow from image
upload through product delivery. Performance evaluation
indicates average construction time of 2-5 minutes for 30-
60 image datasets and successful generation of STL files
compatible with standard FDM printing workflows. The
platform addresses market gaps in accessible custom 3D
printing services while maintaining production quality
standards and user-fiiendly interfaces suitable for non-
technical audiences including hobbyists, students, and
small enterprises.

Keywords: 3D Printing, Additive Manufacturing, E-
Commerce Platform, Photogrammetry, React Web
Application, STL File Generation

L INTRODUCTION

Additive manufacturing, commonly referred to as 3D
printing, has revolutionized prototyping, small-scale
production, and customized manufacturing across
multiple industrial sectors [1]. The technology
enables layer-by-layer material deposition to create
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three-dimensional objects directly from digital
models, eliminating  traditional subtractive
manufacturing constraints and enabling complex
geometries previously impractical with conventional
methods [2]. Market analysis indicates global 3D
printing industry valuation exceeding $18 billion in
2024 with projected compound annual growth rates
of 21-24% through 2030, driven primarily by
increased accessibility, material diversity, and
declining equipment costs [3].

Despite widespread adoption in industrial and
educational contexts, significant barriers persist
preventing mainstream consumer engagement with
custom 3D printing services. Primary obstacles
include technical complexity of 3D modeling
software requiring specialized CAD training, limited
awareness of service availability, absence of
integrated online platforms combining model creation
with manufacturing services, and concerns regarding
product quality and transaction security [4].
Traditional workflows necessitate users possessing
pre-existing 3D model files in appropriate formats,
excluding potential customers lacking technical
modeling expertise.

Photogrammetry presents a viable solution for
democratizing 3D model creation by reconstructing
three-dimensional geometry from two-dimensional
image sequences [5]. The technique employs
computer vision algorithms including feature
detection, correspondence matching, and structure-
from-motion reconstruction to derive spatial
information from multiple viewing angles.
Contemporary photogrammetry software achieves
reconstruction accuracy within 1-2mm for objects
under controlled imaging conditions, providing
sufficient precision for consumer-grade 3D printing
applications [6].
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E-commerce integration with manufacturing services
requires ~ comprehensive  system  architectures
addressing product presentation, customization
interfaces, secure transaction processing, and order
fulfillment tracking. Modern web technologies
including component-based JavaScript frameworks,
real-time 3D rendering libraries, and API-driven
payment  systems enable development of
sophisticated online platforms comparable to
traditional retail experiences [7]. However, existing
3D printing service platforms predominantly focus on
pre-designed product catalogs or require users to
upload pre-existing 3D files, limiting accessibility for
non-technical audiences.

1.1 Research Objectives

This research addresses identified gaps through
development and implementation of an integrated e-
commerce platform incorporating the following
capabilities:

* User-friendly web interface enabling image
upload, 3D model reconstruction, and product
ordering workflows accessible to non-
technical users

e Automated photogrammetry pipeline
processing multi-angle photographs into
printable 3D mesh models with minimal user
intervention

» Interactive 3D visualization system allowing
real-time model preview, rotation, and
verification before purchase confirmation

* Comprehensive e-commerce functionality
including product cataloging, shopping cart
management, secure payment processing, and
order tracking

* Administrative dashboard enabling service
providers to monitor reconstruction processes,
manage print queues, and update fulfillment
status

* Scalable architecture supporting multiple
material options, pricing calculations based on
model dimensions and complexity, and
delivery coordination

The primary contribution of this work lies in the

integration of previously disparate technologies into a
cohesive platform specifically optimized for

IRE 1719484

consumer accessibility while maintaining production
quality standards necessary for commercial 3D
printing operations.

1.2 Paper Organization

The remainder of this paper is structured as follows:
Section 2 reviews related literature examining
existing 3D printing platforms, photogrammetry
techniques, and e-commerce system architectures.
Section 3 details the proposed system methodology
including architectural design, technology selection
rationale, and implementation specifications. Section
4  presents experimental results including
reconstruction performance metrics, user interface
evaluation, and system scalability analysis. Section 5
discusses findings, limitations, and practical
implications. Section 6 concludes with summary
contributions and future research directions.

II. LITERATURE REVIEW

2.1 Existing 3D Printing E-Commerce Platforms
Several commercial platforms provide online 3D
printing services with varying approaches to user
interaction and model acquisition. Shape ways,
established in 2007, operates as a marketplace
connecting designers with consumers through pre-
uploaded model catalogs, offering multiple material
options and automated pricing algorithms based on
bounding volume calculations [8]. However, the
platform requires users to either purchase existing
designs or upload pre-created 3D files in standard
formats including STL, OBJ, or VRML, limiting
accessibility for customers lacking modeling
expertise.

Sculpteo  implements  similar  catalog-based
approaches while providing basic online modeling
tools for simple geometric shapes including boxes,
cylinders, and text extrusions [9]. While these tools
reduce technical barriers for elementary designs, they
remain insufficient for capturing complex organic
forms or replicating real-world objects. immaterialize
employs comparable business models focused
primarily on designer-to-consumer transactions rather
than custom object replication from user imagery
[10].

ICONIC RESEARCH AND ENGINEERING JOURNALS 412



© JUL 2026 | IRE Journals | Volume 10 Issue 1 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV1011-1719484

Research by Martinez et al. (2023) analyzed user
experience barriers in existing 3D printing platforms,
identifying model creation complexity as the primary
deterrent for 85% of potential customers interested in
custom printing services but lacking CAD
proficiency [11]. The study recommended integration
of automated reconstruction technologies to bridge
the technical skill gap between interested consumers
and service accessibility.

2.2 Photogrammetry and 3D Reconstruction
Techniques

Photogrammetry has evolved from traditional
surveying applications to become viable for
consumer-level 3D digitization through advances in
computer vision algorithms and computational
processing capabilities. Structure-from-Motion (SfM)
represents the fundamental algorithmic approach,
employing feature detection methods including
Scale-Invariant Feature Transform (SIFT) or
Oriented FAST and Rotated BRIEF (ORB) to
identify corresponding points across image sequences
[12].

Schonberger and Frahm (2016) developed COLMAP,
an open-source SfM pipeline achieving state-of-the-
art reconstruction accuracy through incremental
bundle adjustment and global optimization
techniques [13]. The software demonstrated
successful reconstruction of objects from 15-50
images with average geometric accuracy within 2mm
for objects sized 10-30cm under controlled lighting
conditions. However, COLMAP requires significant
computational resources with processing times
ranging from 5-30 minutes depending on image count
and hardware specifications.

Recent developments in neural reconstruction
techniques including Neural Radiance Fields (NeRF)
have demonstrated improved reconstruction quality
from fewer input images [14]. Mildenhall et al.
(2020) showed NeRF approaches can generate
photorealistic 3D representations from 20-30 images
with superior handling of specular surfaces and
complex  lighting compared to traditional
photogrammetry. However, NeRF implementations
currently require specialized GPU hardware and
extended training periods (2-6 hours per model),

IRE 1719484

making them less suitable for real-time commercial
applications requiring rapid turnaround [15].

2.3 Web-Based 3D Visualization Technologies
Interactive 3D visualization within web browsers has
advanced significantly through development of
WebGL-based  rendering  libraries.  Threejs,
introduced in 2010, provides JavaScript abstractions
over WebGL APIs enabling developers to implement
complex 3D graphics without low-level shader
programming [16]. The library supports standard 3D
model formats including OBJ, FBX, and GLTF/GLB,
material systems with physically-based rendering,
and camera controls for interactive object inspection.
Performance optimization for web-based 3D
rendering requires careful consideration of polygon
count, texture resolution, and rendering techniques.
Research by Cozzi and Ring (2024) demonstrated
that models optimized below 50,000 triangles
maintain acceptable visual quality while ensuring
smooth interaction on consumer-grade hardware
including mobile devices [17]. Progressive loading
techniques and level-of-detail systems further
improve initial load times and runtime performance
for complex models.

Recent studies examining user experience in 3D e-
commerce contexts found that interactive 3D product
visualization increases purchase confidence by 40-
60% compared to static photography and reduces
return rates by 25-35% through improved product
understanding before purchase [18].

2.4 Secure Payment Integration in E-Commerce
Systems

Online transaction security remains paramount for e-
commerce platform viability, requiring compliance
with Payment Card Industry Data Security Standards
(PCI-DSS) and implementation of secure payment
gateway integration [19]. Modern approaches employ
tokenization strategies where sensitive payment
information never reaches merchant servers, instead
being processed directly by certified payment service
providers.

Stripe and PayPal represent leading payment gateway
solutions providing comprehensive APIs for
transaction processing, refund management, and
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compliance handling. Integration patterns typically
involve client-side payment form submission directly
to gateway servers, returning secure tokens to
merchant applications for order completion without
exposing sensitive cardholder data [20]. This
architecture significantly reduces PCI compliance
burden on merchant platforms while maintaining
transaction security.

2.5 Research Gap Analysis

Examination of existing literature reveals several
unexplored areas at the intersection of 3D printing
services, automated reconstruction, and e-commerce
platforms:

* Limited integration of photogrammetry
workflows within commercial 3D printing
platforms, with most services requiring pre-
existing 3D files

e Absence of  comprehensive systems
combining image upload, automated
reconstruction, interactive preview, and
seamless e-commerce functionality in unified
interfaces

» Insufficient attention to user experience design
for non-technical audiences in existing 3D
printing service implementations

* Lack of performance optimization strategies
specifically addressing
reconstruction requirements for commercial
web platforms

real-time

The complete system comprises five primary
subsystems:

1. Frontend Web Application: React-based
single-page application handling user interface
rendering, interaction management, 3D
visualization, and client-side state
management

2. Backend API Server: RESTful service layer
managing authentication, order processing,
file handling, and coordination of
reconstruction pipelines

3. Photogrammetry Processing Pipeline:
Automated workflow executing feature
detection, image matching, 3D reconstruction,
mesh optimization, and STL export

4. Database Management System: Persistent
storage layer maintaining user accounts,
product catalogs, order records, and
processing status information

5. External Service Integration: Third-party APIs
including payment gateways, cloud storage
services, and notification systems

3.2 Technology Stack Selection
Technology  selection  prioritized  open-source
solutions, active community support, documentation
quality, and proven scalability in production
environments. The following technologies were
selected based on these criteria:

This research addresses these gaps through Component Technology Justification
development of an integrated platform
specifically  designed for accessibility, Component
automation, and commercial viability. Frontend : reusability,
Framework Reactjs 18.2 virtual DOM
1L METHODOLOGY performance
Utility-first
3.1 System Architecture Overview approach,
The proposed platform employs a client-server Styling Tailwind CSS 3.3 responsive
architecture separating frontend presentation and design
interaction logic from backend processing and data support
Tnanagement. Tbls archltectur.al pattern enables WebGL
independent scaling of user-facing components and abstraction,
computationally intensive reconstruction services 3D Rendering Three.js r157 extensive
while maintaining clear separation of concern model format
support
IRE 1719484 ICONIC RESEARCH AND ENGINEERING JOURNALS 414




© JUL 2026 | IRE Journals | Volume 10 Issue 1 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV1011-1719484

Declarative
routing, code
splitting
capabilities

Routing React Router 6

Predictable

tat
State Redux Toolkit state up'dates’
debugging

tools

Management

JavaScript

Backend . ist >
ac 'en Node.js 20 LTS consistency
Runtime npm

ecosystem

Lightweight,
middleware
extensibility

API

E js 4.1
Framework xpress js 4.18

Document
Supabase(PostgreSQ flexibility,
L) horizontal

scalability

Database

Accuracy,
Photogrammet Y

ry

COLMAP 3.8 open-source

availability

Decimation,
smoothing,
export
capabilities

Mesh Create 3D
MeshL
eshL.ab models, Edit

models,
Blender Blender Design

Processing

products,
Add textures,
Export .glb
or .gltf for
Three.js.

Security
compliance,

Payment comprehensi

Gat Stripe API
ateway ve
documentatio

n

Table 1: Technology stack components and selection
rationale
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3.3 Frontend Implementation

The frontend application implements a component-
based architecture organizing functionality into
reusable React components following atomic design
principles. Major component categories include:

Layout Components: Navigation bars, footers, page
containers establishing consistent visual structure
across application views.

Product Components: Product cards displaying
catalog items with thumbnail images, specifications,
pricing, and add-to-cart functionality. Interactive 3D
viewers implemented using Three.js rendering
imported GLB models with orbit controls enabling
user rotation and zoom.

Upload Components: Multi-file image upload
interfaces with drag-and-drop support, preview
thumbnail generation, and progress indication during
transmission to backend services.

Cart and Checkout Components: Shopping cart
summaries, quantity adjustment controls, subtotal
calculations, and multi-step checkout workflows
integrating shipping information collection and
payment processing.

Dashboard Components: Administrative interfaces
displaying order lists, reconstruction  status
monitoring, file download options, and status update
controls.

The 3D visualization system initializes Three.js
scenes with perspective cameras, directional lighting,
and HDR environment maps for realistic material
rendering. Model loading employs GLTFLoader for
efficient binary format parsing, with automatic
camera positioning based on model bounding box
calculations to ensure complete object visibility upon
initial render.

3.4 Photogrammetry Processing Pipeline

The reconstruction pipeline executes seven sequential
stages transforming uploaded image collections into
printable 3D models:
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Stage 1 - Image Preprocessing: Uploaded images
undergo quality assessment checking resolution, blur
detection, and exposure validation. Images failing
quality  thresholds  generate user  warnings
recommending recapture with improved technique.

Stage 2 - Feature Detection: SIFT algorithm
identifies distinctive keypoints across all input
images, computing 128-dimensional descriptors
capturing local gradient distributions around each
keypoint. Typical images yield 2,000-5,000 features
depending on surface texture complexity.

Stage 3 - Feature Matching: Pairwise descriptor
matching employs nearest-neighbor search with
Lowe's ratio test filtering ambiguous
correspondences. RANSAC-based geometric
verification eliminates outlier matches incompatible
with epipolar geometry constraints.

Stage 4 - Structure from Motion: Incremental SfM
reconstructs camera poses and sparse 3D point clouds
through bundle adjustment optimization minimizing
reprojection errors across all observations. Initial
reconstruction seeds from image pairs exhibiting
maximum parallax, progressively incorporating
additional views.

Stage 5 - Dense Reconstruction: Multi-view stereo
algorithms densify sparse point clouds through patch-
based matching, generating point densities of
100,000-500,000 points depending on image
resolution and surface detail. Poisson surface
reconstruction converts point clouds into watertight
triangle meshes.

Stage 6 - Mesh Optimization: Automated cleaning
removes disconnected components, fills small holes,
and smooths surfaces while preserving significant
geometric features. Quadric edge collapse decimation
reduces polygon counts to 20,000-50,000 triangles
suitable for web visualization and FDM printing
resolution.

Stage 7 - Export and Validation: Optimized meshes
export to STL format after validation confirming
manifold properties, closed surfaces, and proper face
orientation  necessary  for  slicing  software
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compatibility. Simultaneously, lower-resolution GLB
exports generate for web preview integration.

3.5 Backend API Design
The backend implements RESTful API endpoints
following standard HTTP methods and status codes.

Key endpoint categories include:

Authentication Endpoints:

* POST /api/auth/register - User account
creation

* POST /api/auth/login - Authentication token
generation

» POST /api/auth/logout - Session invalidation

Product Endpoints:
* GET /api/products - Catalog listing with
pagination
* GET /api/products/:id - Individual product
details
» POST /api/products - Admin product creation
» /api/reconstruct/:jobld/status -  Processing
status polling
Order Endpoints:

+ POST /api/orders - Order creation and
payment processing

* GET /api/orders/:userld - User order history

* PATCH /api/orders/:orderld/status - Admin
status updates

Payment Integration:
* POST /api/payment/create-intent - Stripe
payment intent generation
+ POST /api/payment/confirm - Payment
confirmation webhook

Authentication employs JSON Web Tokens (JWT)
with 24-hour expiration, transmitted via HTTP
Authorization headers using Bearer schema. Admin
endpoints require additional role verification
extracted from token payloads.

3.6 Database Schema Design

import { pgTable, text, serial, integer, boolean, jsonb
} from "drizzle-orm/pg-core";

import { createlnsertSchema } from "drizzle-zod";
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import { z } from "zod";
export const products = pgTable("products", {
id: serial("id").primaryKey(),
name: text("name").notNull(),
description: text("description").notNull(),
price: integer("price").notNull(), // in cents
image: text("image").notNull(),
category: text("category").notNull(),
features:
jsonb("features").$type<string[]>().default([]),
1)
export const cartltems = pgTable("cart_items", {
id: serial("id").primaryKey(),
productld: integer("product id").notNull(),
quantity: integer("quantity").notNull().default(1),
sessionld: text("session_id").notNull(), // For guest
checkout
1s
export const orders = pgTable("orders", {
id: serial("id").primaryKey(),
customerName: text("customer_name").notNull(),
customerEmail: text("customer_email").notNull(),
total: integer("total").notNull(),
status: text("status").notNull().default("pending"),
items: jsonb("items").$type<{productld: number,
quantity: number, price: number}[]>().notNull(),

1)s

export const insertProductSchema =
createlnsertSchema(products).omit({ id: true });
export const insertCartltemSchema =
createlnsertSchema(cartItems).omit({ id: true });
export const insertOrderSchema =

createlnsertSchema(orders).omit({ id: true, status:
true });

export type Product = typeof products.$inferSelect;
export type Cartltem = typeof cartltems.$inferSelect;
export type Order = typeof orders.$inferSelect;

export type InsertOrder =  z.infer<typeof
insertOrderSchema>;

3.7 Security Implementation

Security measures implement multiple defensive
layers:

Input Validation: All user-submitted data undergoes
strict validation using Joi schema validation library,
rejecting malformed requests before processing.
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Authentication: Berypt password hashing with 12 salt
rounds prevents credential compromise from
database breaches. JWT tokens include cryptographic
signatures preventing tampering.

Authorization: Role-based access control (RBAC)
restricts administrative endpoints to verified admin
accounts. Middleware functions verify token validity
and role permissions before executing endpoint logic.
File Upload Security: Uploaded files undergo MIME
type verification, size limitations (maximum 10MB
per image), and storage in isolated directories with
randomized filenames preventing directory traversal
attacks.

SQL Injection Prevention: MongoDB parameterized
queries prevent injection attacks. Input sanitization
removes special characters from user-supplied search
terms.

Cross-Site  Scripting (XSS) Prevention: React's
automatic output escaping prevents injection of
malicious scripts. Content Security Policy headers
restrict inline script execution.

Payment Security: PCI-DSS compliance achieved
through Stripe integration avoiding direct handling of
credit card information. Payment data transmission
occurs over HTTPS with TLS 1.3 encryption.

IV. RESULTS AND DISCUSSION

4.1 Implementation Results

Complete  platform  implementation achieved
functional integration of all specified subsystems.
Deployment occurred on cloud infrastructure using
containerization for consistency across development
and production environments.

Frontend Deployment: React application builds to
static assets served via Nginx web server with zip
compression reducing bundle sizes by 65-70%. Total
initial bundle size: 428KB (zipped), with code
splitting reducing initial load to 156KB and lazy-
loading additional routes on demand.

Backend  Deployment: Node.js application
containerized with Docker, deployed on Ubuntu
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22.04 LTS servers with PM2 process management
ensuring automatic restart on failures. Average API
response times: authentication 45ms, product listing
78ms, order creation 234ms.

Database Performance: MongoDB Atlas deployment
with 3-node replica set providing automatic failover.
Indexed queries on frequently accessed fields (userld,
orderld, email) achieve sub-10ms response times for
95th percentile requests.

4.2 Photogrammetry Performance Evaluation
Reconstruction pipeline testing employed datasets of
common consumer objects including toys,
mechanical parts, and decorative items. Testing
conditions specified:

* Image count: 20-40 photographs per object
* Image resolution: 12 megapixels (4000x3000

reconstructed model dimensions in MeshLab. Results
demonstrate sufficient precision for consumer-grade
FDM printing with typical layer heights of 0.2mm,
where geometric accuracy within 2mm represents
acceptable tolerances.

Processing times scale approximately linearly with
image count, with average processing duration of 2-5
minutes meeting commercial viability requirements
for user tolerance. Parallel processing optimizations
utilizing multi-core CPUs reduce times by
approximately 40% compared to single-threaded
execution.

4.3 3D Visualization Performance
Web-based 3D viewer performance testing employed
various model complexities across different devices:

Device Cateeo Triangle Frame Load

Vi oty Count Rate Time
Desktop  (RTX
3050) 50,000 60 fps 0.8s
Desktop

50,000 45 1.2

(Integrated GPU) ’ fps s
Tablet (iPad 11) 50,000 58 fps 1.5s
Mobile (iPhone 50,000 52 fps 1.8s
14)
Mobile (Budget
Android) 50,000 28 fps 2.4s

pixels)
e Hardware: Intel i7-12700K, 32GB RAM,
NVIDIA RTX 3070
* Lighting: Diffuse natural lighting or LED
panels
Imag Triangl
Object e Processi . 8 Accurac
T C Ti
ype (1un ng Time Count y
Toy Car 24 2m34s | 38420 | 1.2mm
(10cm)
Mechanic 32 3m18s | 45680 | 0.8mm
al Part
Vase 28 2mS6s | 42,150 | 1.5mm
(15cm)
Action 36 4am12s | 51230 | 1.1mm
Figure
Decoratiy 20 2mo08s | 28940 | 1.8mm
e Box

Table 2: Reconstruction performance metrics across
object categories

Accuracy  measurements employed caliper
measurements of physical objects compared against
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Table 3: 3D viewer performance across device
categories

Results indicate target polygon counts of 40,000-
50,000 triangles maintain acceptable performance
across all tested devices. Progressive loading
techniques display low-resolution previews within
300-500ms while higher-resolution models stream in
background, improving perceived performance.

Orbit controls respond smoothly to touch and mouse
inputs with negligible latency. Automated camera
framing ensures complete model visibility upon
initial load regardless of object dimensions or aspect
ratios.
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4.4 User Experience Evaluation

Preliminary user testing involved 24 participants (8
hobbyists, 8 students, 8 small business owners)
completing task scenarios including:

1. Browsing product catalog and adding items to
cart

Uploading images for custom reconstruction
Previewing reconstructed 3D models
Completing checkout process

Tracking order status

A

Participants completed System Usability Scale (SUS)
questionnaires yielding average score of 78.4,
indicating "good" to "excellent" wusability. Task
completion rates: browsing/cart (100%), image
upload (96%), 3D preview (100%), checkout (92%),
order tracking (100%).

Qualitative feedback highlighted positive aspects
including intuitive navigation, responsive 3D
visualization, and clear progress indication during
reconstruction. Improvement suggestions included
desire for real-time reconstruction progress updates
and ability to request re-processing if initial results
unsatisfactory.

4.5 Discussion of Findings

Implementation results validate technical feasibility
of integrating photogrammetry-based reconstruction
within  commercial e-commerce  platforms.
Processing times of 2-5 minutes represent acceptable
durations for asynchronous workflows where users
receive email notifications upon completion rather
than synchronous waiting.

Reconstruction accuracy of 0.8-1.8mm sufficiently
supports FDM printing applications where layer
resolution (0.1-0.3mm) and material shrinkage (1-
3%) introduce comparable dimensional variations.
Applications requiring higher precision (injection
molding, engineering fits) would necessitate
enhanced reconstruction algorithms or professional
scanning equipment.

Platform  architecture = successfully = maintains

separation  between computationally intensive
reconstruction processes and user-facing interactive
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components, enabling independent horizontal scaling.
Reconstruction jobs queue in background processing
systems allowing multiple simultaneous users
without degrading interactive responsiveness.

Security implementation follows industry best
practices for authentication, authorization, and
payment processing. PCI-DSS compliance achieved
through delegation of sensitive payment data
handling to certified third-party providers eliminates
significant compliance burden and risk exposure.

4.6 Limitations

Several limitations warrant acknowledgment:

Image Quality Dependency: Reconstruction quality
depends heavily on input image characteristics. Poor
lighting, insufficient overlap, or excessive motion
blur degrade results. Current implementation lacks
real-time feedback during capture to guide users
toward optimal imaging practices.

Object Type Constraints: Highly reflective,
transparent, or featureless objects challenge
photogrammetry algorithms. Textureless surfaces
lack distinctive features for correspondence
matching, while specular reflections violate
appearance consistency assumptions. Advanced
techniques including structured light projection or
spray-on temporary texture coating could address
these limitations but increase system complexity.

Scalability Considerations: Current architecture
processes reconstruction jobs sequentially on
dedicated hardware. Scaling to hundreds of
concurrent users requires distributed processing
infrastructure with job queuing systems and cluster
management frameworks.

Material and Printing Parameter Optimization:
Platform currently offers fixed material options
(PLA, ABS, PETG) with standard printing
parameters. Advanced users may desire custom infill
percentages, layer heights, or support configurations
currently unavailable through the interface.
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V. CONCLUSION

This  research  successfully developed and
implemented an integrated e-commerce platform
combining photogrammetry-based 3D reconstruction
with comprehensive online shopping functionality
specifically designed for 3D printing services. The
system achieves primary objectives including:

* Accessible user interface enabling non-
technical users to order custom 3D printed
objects from photographs without CAD
expertise

* Automated reconstruction pipeline processing
20-40 images into printable STL files within
2-5 minutes with 0.8-1.8mm geometric
accuracy

* Interactive web-based 3D visualization
maintaining 45-60 fps performance across
desktop and mobile devices

* Complete e-commerce workflow integrating
product catalogs, shopping cart, secure
payment processing, and order tracking

* Administrative dashboard supporting order
management and production coordination

Implementation results validate technical feasibility
and commercial viability of the integrated approach.
User experience evaluation indicates positive
reception with 78.4 average SUS score and high task
completion rates across key user journeys.

The platform addresses identified gaps in existing 3D
printing services by eliminating technical barriers
associated with 3D modeling software while
maintaining production quality standards necessary
for commercial manufacturing. Integration of
multiple previously disparate technologies into
cohesive user workflows represents the primary
contribution of this work.

5.1 Future Work
Several enhancement opportunities exist for future
development:

achieve optimal coverage, lighting, and focus for
successful reconstruction.

Advanced Material Simulation: Physics-based
material property simulations could visualize final
product appearance under different material
selections, improving customer understanding before
purchase.

Al-Enhanced Reconstruction: Machine learning
approaches including neural radiance fields or
transformer-based models may improve
reconstruction quality from fewer images while
handling challenging surface properties.

Distributed Processing Infrastructure: Kubernetes-
based container orchestration could enable elastic
scaling of reconstruction workers matching demand
fluctuations while optimizing compute resource
utilization.

Quality Prediction Models: Computer vision models
analyzing  uploaded images could predict
reconstruction success probability before processing,
alerting users to capture additional images if
insufficient coverage detected.

Multi-Material Printing Support: Integration with
multi-material 3D printers would enable complex
products with varying material properties, colors, or
functional characteristics within single prints.
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