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ABSTRACT

This paper presents the development of efficient
algorithms to convert two-dimensional (2D) architectural
plans and sketches into three-dimensional (3D) models for
use in augmented reality (AR) and virtual reality (VR)
environments. The motivation stems from the growing
need for rapid prototyping and immersive visualization in
architecture, gaming, and simulation. Our approach
integrates advanced image processing, machine learning
for feature extraction, and geometric reconstruction
techniques. Comparative analysis with existing methods
demonstrates a significant improvement in both
conversion accuracy and processing speed. The results
indicate that the proposed algorithms not only reduce
computational overhead but also provide robust handling
of noisy and incomplete inputs. Our work has
implications for real-time rendering applications and
offers a scalable solution for future AR/VR development

platforms.
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Figure-1. The processing flow of 2D to 3D conversion, Source[l]
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INTRODUCTION

The rapid evolution of AR and VR technologies has led to
increased interest in the conversion of 2D plans—often the
earliest design artifacts—into immersive 3D models.
Traditionally, architects and designers have relied on manual
conversion processes that are both time-consuming and prone
to error. With the surge of computational power and
sophisticated algorithms, there is now an opportunity to
automate this process, enabling real-time visualization and

interactive design modifications.

The primary challenge addressed in this study is the
development of algorithms that are both efficient and robust
enough to convert diverse 2D inputs (ranging from technical
blueprints to hand-drawn sketches) into accurate 3D
representations. Efficiency in this context refers to the
minimization of processing time and computational resources
while preserving the fidelity of the original design.
Robustness is equally critical, ensuring that the algorithms
can handle variations in line quality, noise, and incomplete
data—a common occurrence in scanned documents or user-

generated sketches.

Our research is driven by three core objectives:

1. Algorithmic Efficiency: Developing methods that
significantly reduce computation time while
maintaining or improving conversion accuracy.

2. Feature Extraction Robustness: Enhancing image
processing techniques to accurately extract features
even under challenging conditions.

3. Scalability: Creating a solution that can be easily
integrated into AR/VR platforms, supporting real-

time rendering and interaction.

In the following sections, we review the relevant literature,
outline the statistical analysis conducted, describe the
methodology in detail, present the experimental results, and

finally discuss conclusions and potential future work.
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LITERATURE REVIEW

The transformation of 2D designs into 3D models has been
an area of active research for decades, with early approaches
focusing on basic edge detection and line segmentation
methods. Traditional techniques relied heavily on manually
crafted rules to interpret architectural symbols and geometric
relationships. However, these methods often struggled with
ambiguity in input data and did not scale well to more

complex designs.

Recent advances have seen the incorporation of machine
learning and deep learning techniques into the conversion
pipeline. Convolutional neural networks (CNNs) have been
particularly successful in extracting hierarchical features
from images, allowing for more robust recognition of
architectural elements. Studies such as those by Zhang et al.
(2018) and Kumar and Patel (2020) have demonstrated the
potential of CNNs to handle noisy data and varying input
styles. These works underscore the importance of robust

feature extraction as a precursor to geometric reconstruction.

Geometric reconstruction itself has also evolved. Classical
techniques such as voxel carving and polygonal mesh

generation have been complemented by modern approaches
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that leverage optimization algorithms and probabilistic
models to better capture complex geometries. For example,
the integration of graph-based methods with optimization
frameworks has allowed for the simultaneous reconstruction
of multiple surfaces, providing a more holistic 3D

representation.

While several studies have reported on improvements in
either accuracy or efficiency, few have tackled both
simultaneously. This gap is particularly evident in real-time
AR/VR applications, where processing speed is as critical as
model fidelity. Our study builds on this body of work by
proposing a hybrid approach that combines advanced image
processing with optimization-based reconstruction, all within

an efficient computational framework.

Another significant area of related research involves the use
of synthetic training data to improve model robustness. By
generating large datasets of 2D-3D pairs through simulation,
researchers have managed to train models that generalize well
across diverse input types. However, the synthesis of training
data remains a challenge due to the inherent complexity of

accurately modeling architectural variability.

The literature suggests that while there is no one-size-fits-all
solution, a multi-faceted approach that leverages the strengths
of different methods can offer significant improvements. Our
work contributes to this discussion by presenting an algorithm
that not only automates the conversion process but also adapts

dynamically to the quality and type of input data.

STATISTICAL ANALYSIS

A critical part of our research involves the statistical analysis
of algorithm performance. We conducted a series of
experiments comparing our proposed method with two
baseline approaches: a traditional rule-based system and a
standard CNN-based conversion model. The performance
metrics include processing time (in milliseconds), conversion

accuracy (percentage of correctly identified architectural

elements), and model fidelity (a composite score reflecting

the closeness of the generated 3D model to the ground truth).

Table 1 summarizes the comparative performance metrics
across different datasets, including high-quality technical

blueprints and lower-quality scanned hand-drawn sketches.

Table 1: Comparison of Performance Metrics (Data

collected from 100 test cases per dataset).

Metric Rule- Standard Proposed
based CNN Algorithm
System Model
Average 1500 800 500
Processing
Time (ms)
Conversion 65 80 90
Accuracy (%)
Model 0.6 0.8 0.9
Fidelity
(Score)
Metric
1600 1500
1400
1200
1000 300
800
600 500
400
200 658090 560809
0 -
Average Conversion Model Fidelity
Processing  Accuracy (%) (Score)
Time (ms)

M Rule-based System  ® Standard CNN Model

Proposed Algorithm

Figure-3. Comparison of Performance Metrics

The table shows that our proposed algorithm outperforms the
baselines in terms of processing time, conversion accuracy,

and model fidelity. The results demonstrate a reduction of
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nearly 37.5% in processing time compared to the standard
CNN model, while improving accuracy by 10 percentage
points. The fidelity score further reinforces the robustness of

our approach in generating high-quality 3D models.

METHODOLOGY

Our methodology integrates several advanced techniques to
ensure both efficiency and robustness in the conversion
process. The framework can be broken down into the

following key stages:

1. Preprocessing

Input Standardization:

Before processing, the 2D input is standardized. This involves
image normalization, noise reduction using adaptive filters,
and contrast enhancement to ensure that the subsequent

feature extraction stage receives a high-quality input.

Edge and Line Detection:

We employ a modified Canny edge detector followed by
Hough Transform techniques to identify lines and edges.
These methods have been fine-tuned with dynamic thresholds

to accommodate variations in input quality.

2. Feature Extraction

Deep Learning-based Segmentation:

A CNN model trained on a diverse dataset of architectural
plans is used to segment different components of the plan.
The network is optimized using data augmentation techniques
to improve its robustness against varying input conditions.
Layers of the network are designed to extract features at
multiple scales, ensuring that both macro-structures (walls,
doors) and micro-details (windows, fixtures) are accurately

identified.

Symbol Recognition:
In addition to structural elements, the algorithm incorporates

a secondary classifier to recognize common architectural

symbols. This classifier is built using a support vector
machine (SVM) and is trained on a curated dataset of
annotated symbols. The combination of CNN for structural
segmentation and SVM for symbol recognition allows for a

detailed interpretation of the plan.

3. Geometric Reconstruction

2D to 3D Mapping:

Once the features are extracted, a geometric mapping module
converts 2D contours into 3D elements. This is achieved
through a combination of extrusion techniques for walls and
planar mapping for floors and ceilings. The algorithm applies
a depth assignment heuristic based on the spatial relationship

of elements in the 2D plane.

Optimization and Refinement:

To address inconsistencies and refine the model, an iterative
optimization process is employed. This step uses gradient
descent methods to minimize the error between the projected
3D model and the original 2D plan features. The error
function incorporates both structural alignment and surface
continuity, ensuring that the final model is both accurate and

visually coherent.

4. Integration into AR/VR Platforms

Real-time Rendering:

The reconstructed 3D model is optimized for real-time
rendering using polygon reduction techniques and dynamic
level-of-detail (LOD) management. This ensures that the
model can be seamlessly integrated into AR/VR

environments without sacrificing performance.

User Interaction and Feedback:

A feedback loop allows users to interact with the model in
real time. This interaction data is fed back into the system for
further refinement, enabling continuous learning and

improvement of the conversion algorithm.
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RESULTS

The experimental results were evaluated using a combination
of quantitative metrics and qualitative assessments. In
controlled tests, the proposed algorithm demonstrated marked
improvements in efficiency and accuracy over existing

methods.

Quantitative Results

As summarized in Table 1, the processing time was
significantly reduced with our algorithm. On average, our
method completed the conversion in 500 ms—a 37.5%
improvement compared to the 800 ms observed with a
standard CNN model. Conversion accuracy improved from
80% to 90%, indicating that the algorithm more reliably
recognized architectural features even in lower-quality
inputs. The model fidelity score, which represents the
geometric accuracy of the reconstructed 3D model, also

showed a substantial improvement.

Qualitative Results

Qualitative analysis involved expert reviews from architects
and AR/VR developers. Feedback was overwhelmingly

positive regarding:

e Visual Coherence: The 3D models maintained a
high degree of fidelity to the original 2D plans, with
well-aligned edges and smooth surfaces.

e Error Resilience: The algorithm demonstrated
strong performance even when the input contained
noise or incomplete data. In several test cases, minor
corrections by the user were all that was needed to
achieve a perfect model.

e Real-time Performance: The efficient processing
allowed for near-instantaneous conversion, making
the algorithm suitable for interactive design

applications.

Figures (not included here) from our study showed side-by-
side comparisons of original 2D plans and the corresponding
3D reconstructions. These visual comparisons further
validated the robustness of the approach, particularly in

handling complex architectural details.

DiSCUSSION

The improvement in conversion accuracy and processing
speed can be attributed to several key innovations in our

algorithm:

e Hybrid Feature Extraction: By combining deep
learning with classical image processing techniques,
the algorithm benefits from the strengths of both
approaches. The CNN effectively handles complex,
noisy inputs, while the edge detection and line
segmentation methods ensure precise structural
delineation.

e [Iterative Optimization: The use of iterative
refinement allows the system to progressively
minimize errors in the reconstructed model. This
step is critical in ensuring that minor misalignments
do not propagate into significant geometric
inaccuracies.

e  Adaptive Techniques: Dynamic thresholding in the
preprocessing and segmentation stages enables the
algorithm to adjust to different input qualities

without manual intervention.

Despite these successes, several challenges remain. The
algorithm’s performance can be further enhanced by
incorporating a larger and more diverse training dataset,
particularly for architectural symbols that vary significantly
across regions and design standards. Moreover, while the
current method handles static images well, dynamic 2D
inputs (such as real-time sketches) may require additional

adaptation in the preprocessing pipeline.
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CONCLUSION

In summary, this study presents an innovative approach to
converting 2D architectural plans into 3D models for AR/VR
applications. The developed algorithm combines robust
feature extraction, geometric reconstruction, and iterative
optimization to deliver superior performance in both speed
and accuracy. Our experiments, backed by quantitative
metrics and qualitative reviews, confirm that the proposed
method significantly outperforms traditional rule-based

systems and standard CNN approaches.

Key contributions of this work include:

e A novel hybrid approach that integrates deep
learning with classical image processing.

e An efficient algorithm capable of real-time
processing, making it suitable for interactive AR/VR
environments.

e A detailed statistical analysis that validates
improvements in processing time, conversion

accuracy, and model fidelity.

These contributions have far-reaching implications,
particularly for industries where rapid prototyping and
immersive visualization are crucial. By bridging the gap
between 2D design and 3D visualization, our work opens new
avenues for interactive design, simulation, and education in

architecture and beyond.

FUTURE SCOPE OF STUDY

While the current results are promising, several directions for
future research can further enhance the utility and robustness

of the proposed algorithms:

1. Expansion of Training Data and Deep Learning Models

Future work should focus on creating larger and more diverse
datasets that capture a wide range of architectural styles and

design intricacies. This could include:

e Crowdsourced Datasets: Engaging architectural
professionals and enthusiasts to contribute varied
samples of 2D plans.

e Synthetic Data  Generation:  Leveraging
procedural generation techniques to create realistic
2D-3D paired data, which can be used to train and
validate models under different conditions.

e Transfer Learning: Exploring advanced deep
learning architectures and pre-trained models to

improve feature extraction, particularly for complex

or non-standard symbols.

2. Enhanced Preprocessing Techniques

Preprocessing is crucial for ensuring that the input data is of
high quality before conversion. Future research could

explore:

e Advanced Noise Reduction: Implementing more
sophisticated noise filtering and adaptive
thresholding methods to better handle extremely
degraded or inconsistent inputs.

e Automatic Correction: Developing algorithms that
not only detect but automatically correct skewed or
distorted 2D plans before they undergo further

processing.

3. Integration with Real-time User Feedback

While the current system incorporates a basic feedback loop,
future iterations could integrate more advanced user

interaction mechanisms:

e Interactive Correction Tools: Tools that allow
users to directly manipulate the 3D model in real
time, with corrections fed back into the learning
algorithm for continuous improvement.

e Augmented Annotation: Allowing users to

annotate arecas where the algorithm has struggled,
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which can then be used to further train and fine-tune

the system.

4. Extension to Dynamic and 3D Sketching

Beyond static images, the system could be extended to handle

dynamic 2D inputs such as live sketches or video feeds:

o Real-time Sketch Recognition: Adapting the
algorithm for use with tablets or digital whiteboards
where sketches evolve in real time.

e Motion-based Data Acquisition: Incorporating
temporal information from video inputs to improve

the continuity and accuracy of 3D reconstructions.

5. Cross-Domain Applications

While our focus has been on architectural plans, the
underlying methodology has potential applications in other

domains:

e  Medical Imaging: Converting 2D scans (such as X-
rays or MRI slices) into 3D models for better
diagnosis and treatment planning.

e Geospatial Mapping: Using satellite imagery or
topographic maps to generate 3D representations of
landscapes for urban planning and environmental
monitoring.

e Gaming and Simulation: Enabling rapid
prototyping of game environments by converting
concept art and sketches into fully navigable 3D

worlds.

6. Optimization and Scalability

Finally, further work can address the scalability of the system

for industrial use:

e Parallel Processing: Exploring GPU-based and
parallel computing techniques to further reduce

processing times.

e Cloud Integration: Developing cloud-based
solutions that can handle high volumes of
conversions simultaneously, making the technology
accessible for large-scale applications.

e Algorithmic Refinements: Continuous refinement
of the optimization algorithms to improve both the
speed and accuracy of the 3D reconstruction

process.
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