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ABSTRACT 

The rapid advancement of Artificial Intelligence 
(AI), Computer Vision, and smart home 
technologies has transformed the way 
individuals interact with their living 
environments. Modern smart living spaces 
increasingly rely on intelligent systems capable 
of understanding, analyzing, and optimizing 
indoor environments to improve comfort, 
functionality, and aesthetics. Computer Vision, a 
specialized field of artificial intelligence that 
enables machines to interpret and process visual 
information, has emerged as a powerful 
technology for enhancing interior design 
processes. By utilizing image recognition, object 
detection, scene understanding, and deep 
learning algorithms, computer vision systems 
can automatically analyze room layouts, 
furniture arrangements, lighting conditions, 
color schemes, and spatial utilization patterns. 
These capabilities enable intelligent 
recommendations that enhance the overall 
design and functionality of residential and 
commercial interiors. 
This study explores the application of computer 
vision technologies in interior design 
enhancement for smart living spaces. The 
research examines how image processing 
techniques, machine learning models, and deep 
neural networks contribute to automated interior 
analysis and personalized design 
recommendations. The study highlights the role 
of computer vision in identifying design 
inconsistencies, optimizing furniture placement, 
improving space utilization, and supporting real-
time visualization of interior modifications. 
Furthermore, the integration of computer vision 
with Internet of Things (IoT) devices and smart 

home ecosystems enables adaptive environments 
that respond dynamically to user preferences and 
behavioral patterns. 
The findings indicate that computer vision-based 
interior design systems significantly improve 
design accuracy, reduce manual effort, and 
enhance user satisfaction. These systems provide 
efficient solutions for homeowners, architects, 
interior designers, and real estate professionals 
by enabling data-driven design decisions and 
automated customization. However, challenges 
such as image quality variations, privacy 
concerns, computational complexity, and model 
interpretability remain critical considerations. 
The study concludes that computer vision 
technologies have substantial potential to 
revolutionize smart living environments by 
creating intelligent, aesthetically pleasing, and 
highly functional spaces. Future advancements 
in augmented reality, virtual reality, and deep 
learning are expected to further expand the 
capabilities and adoption of computer vision-

based interior design solutions in next-
generation smart homes. 
Keywords: Computer Vision, Smart Living 
Spaces, Interior Design Enhancement, Artificial 
Intelligence, Deep Learning, Image Processing, 
Smart Homes, Object Detection. 
I. Introduction 

The concept of smart living spaces has gained 
significant attention in recent years due to rapid 
advancements in artificial intelligence, Internet 
of Things (IoT), and intelligent automation 
technologies. Modern homes are increasingly 
being designed to provide enhanced comfort, 
convenience, security, and energy efficiency 
through the integration of smart systems. Among 
the various technologies driving this 
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transformation, computer vision has emerged as 
a critical enabler for intelligent environment 
analysis and automated decision-making. 
Computer vision allows machines to understand 
visual information from images and videos, 
enabling smart systems to perceive indoor 
environments similarly to human observers. As a 
result, it has become an important tool for 
improving interior design processes and creating 
personalized living experiences. 
Interior design plays a crucial role in 
determining the functionality, aesthetics, and 
comfort of residential and commercial spaces. 
Traditional interior design processes often 
require extensive manual planning, expert 
consultation, and repeated modifications to 
achieve desired outcomes. These approaches can 
be time-consuming, costly, and highly dependent 
on subjective judgments. Computer vision 
technologies address these limitations by 
providing automated analysis of room structures, 
furniture arrangements, lighting conditions, and 
decorative elements. Through advanced image 
recognition techniques, intelligent systems can 
evaluate design quality and generate 
recommendations that enhance both visual 
appeal and practical usability. 
The growing availability of high-resolution 
cameras, powerful computing resources, and 
deep learning algorithms has accelerated the 
adoption of computer vision in interior design 
applications. Modern vision systems can identify 
furniture categories, recognize room layouts, 
estimate dimensions, and analyze color 
harmonies with remarkable accuracy. These 
capabilities enable homeowners and designers to 
visualize potential modifications before 
implementation, reducing uncertainty and 
improving decision-making. Furthermore, 
automated design recommendations help users 
optimize available space while maintaining 
aesthetic consistency and functionality. 
Another important factor contributing to the 
popularity of computer vision-based interior 

design is the increasing demand for personalized 
living environments. Consumers today seek 
customized solutions that reflect their lifestyles, 
preferences, and individual needs. Intelligent 
vision systems can analyze user behavior, room 
usage patterns, and environmental conditions to 
provide tailored design suggestions. By 
integrating machine learning techniques, these 
systems continuously learn from user 
interactions and improve recommendation 
accuracy over time. Such personalization 
contributes significantly to user satisfaction and 
overall living quality. 
Despite its numerous advantages, the 
implementation of computer vision in smart 
interior design presents several technical and 
ethical challenges. Variations in lighting 
conditions, object occlusions, image quality, and 
environmental complexity can affect system 
performance and accuracy. Additionally, privacy 
concerns arise when cameras continuously 
monitor indoor environments to collect visual 
data. Ensuring secure data management, 
transparency, and responsible use of AI 
technologies is therefore essential for 
maintaining user trust and promoting widespread 
adoption of intelligent design systems. 
Given the increasing significance of smart 
homes and intelligent automation, understanding 
the role of computer vision in interior design 
enhancement has become increasingly 
important. This study investigates the 
application of computer vision technologies for 
improving interior spaces and explores their 
impact on functionality, aesthetics, and user 
experience. By examining technological 
frameworks, design methodologies, and 
practical implementation strategies, the research 
aims to provide valuable insights into the future 
of intelligent interior design and smart living 
environments. 
II. Literature Review 

Szeliski (2010) conducted extensive research on 
computer vision algorithms and image 
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processing techniques. The study highlighted the 
importance of feature extraction, image 
segmentation, and object recognition in enabling 
intelligent visual analysis systems. The findings 
established a strong foundation for computer 
vision applications in environmental 
understanding and spatial analysis. 
Forsyth and Ponce (2012) explored modern 
computer vision methodologies and emphasized 
the role of image interpretation in scene 
recognition. Their research demonstrated that 
computer vision systems could effectively 
identify objects and spatial relationships within 
indoor environments, supporting automated 
design and planning applications. 
Goodfellow, Bengio, and Courville (2016) 
examined deep learning architectures for visual 
recognition tasks. Their findings revealed that 
convolutional neural networks significantly 
improve object detection accuracy and visual 
feature extraction, making them highly suitable 
for interior design analysis and smart home 
applications. 
Redmon et al. (2016) introduced the YOLO 
(You Only Look Once) object detection 
framework and demonstrated its effectiveness in 
real-time visual recognition. The study showed 
that rapid object identification could support 
intelligent indoor environment monitoring and 
automated design recommendations. 
He et al. (2017) proposed Mask R-CNN for 
object segmentation and image understanding. 
Their findings indicated that advanced 
segmentation techniques enable precise 
identification of furniture, decorative elements, 
and architectural features within interior spaces, 
thereby improving design analysis accuracy. 
Howard et al. (2019) investigated lightweight 
deep learning models for mobile computer 
vision applications. The study found that 
efficient vision algorithms could be deployed in 
smart home devices, enabling real-time interior 
monitoring and intelligent automation without 
requiring extensive computational resources. 

Zhang and Ding (2020) analyzed the 
integration of artificial intelligence and interior 
design systems. Their research demonstrated 
that AI-powered visual analysis enhances design 
decision-making by providing objective 
assessments of spatial organization, furniture 
placement, and aesthetic harmony. 
Li et al. (2021) explored computer vision 
applications in smart home environments. The 
findings revealed that vision-based monitoring 
systems significantly improve environmental 
awareness and user interaction by continuously 
analyzing indoor activities and spatial 
configurations. 
Wang et al. (2022) examined deep learning 
techniques for indoor scene understanding. Their 
study found that semantic segmentation and 
object recognition technologies contribute to 
more accurate room classification and automated 
interior optimization, supporting intelligent 
design enhancement systems. 
Chen and Liu (2023) investigated personalized 
interior design recommendation systems using 
machine learning and computer vision. The 
research highlighted that AI-driven 
recommendations improve user satisfaction by 
aligning design suggestions with individual 
preferences, lifestyle requirements, and 
behavioral patterns. 
Kumar et al. (2023) studied the application of 
computer vision in smart building management. 
Their findings demonstrated that visual analytics 
can enhance space utilization, energy efficiency, 
and environmental comfort, thereby contributing 
to more sustainable and intelligent living 
environments. 
Patel and Sharma (2024) analyzed recent 
advancements in AI-powered interior design 
platforms. The study concluded that computer 
vision, combined with augmented reality and 
deep learning technologies, offers significant 
opportunities for creating adaptive, personalized, 
and highly efficient smart living spaces. 
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III. Computer Vision Technologies for Smart 
Interior Design 

Computer vision has emerged as a 
transformative technology in the field of smart 
interior design by enabling automated 
understanding and interpretation of indoor 
environments. Through advanced image 
processing and artificial intelligence techniques, 
computer vision systems can analyze room 
structures, furniture arrangements, wall textures, 
lighting conditions, and decorative elements 
with remarkable precision. Unlike traditional 
interior design methods that rely heavily on 
human observation and manual measurements, 
computer vision systems provide objective 
assessments based on visual data. This capability 
allows designers and homeowners to make 
informed decisions regarding space utilization, 
furniture placement, and aesthetic 
improvements. The integration of computer 
vision into interior design processes contributes 
to greater efficiency, reduced design costs, and 
enhanced user satisfaction. 
Image processing forms the foundation of 
computer vision-based interior analysis systems. 
Digital images captured through cameras or 
mobile devices undergo preprocessing 
operations such as noise reduction, image 
enhancement, edge detection, and color 
correction. These processes improve image 
quality and enable accurate extraction of visual 
features from indoor spaces. Advanced image 
segmentation techniques further divide images 
into meaningful regions, allowing systems to 
distinguish between walls, floors, ceilings, 
furniture, windows, and decorative objects. Such 
detailed visual understanding is essential for 
generating accurate representations of interior 
environments and supporting automated design 
recommendations. 
Object detection and recognition technologies 
play a crucial role in smart interior design 
enhancement. Deep learning algorithms such as 
Convolutional Neural Networks (CNNs), 

YOLO, and Faster R-CNN are widely used to 
identify and classify furniture items, appliances, 
lighting fixtures, and other interior components. 
These technologies enable intelligent systems to 
create comprehensive inventories of room 
contents and evaluate spatial relationships 
among objects. By understanding the location, 
size, and orientation of furniture elements, 
computer vision systems can recommend 
optimized layouts that improve accessibility, 
comfort, and visual harmony. Furthermore, 
automated object recognition significantly 
reduces the time required for manual interior 
assessment. 
Deep learning techniques have substantially 
improved the accuracy and capabilities of 
computer vision systems in interior design 
applications. Neural network architectures 
trained on large image datasets can recognize 
complex visual patterns, detect design 
inconsistencies, and evaluate aesthetic qualities. 
These models can analyze color schemes, 
furniture styles, room themes, and lighting 
arrangements to generate personalized 
recommendations based on user preferences. 
Additionally, deep learning algorithms 
continuously improve through training and 
adaptation, allowing smart interior systems to 
provide increasingly accurate and context-aware 
suggestions. Such capabilities support dynamic 
and customized design experiences that align 
with evolving user requirements. 
The integration of computer vision with smart 
home technologies further enhances its 
effectiveness in interior design applications. 
Vision-based systems can collaborate with IoT 
sensors, smart lighting devices, climate control 
systems, and home automation platforms to 
create intelligent living environments. By 
continuously monitoring room conditions and 
user interactions, these systems can 
automatically adjust lighting, furniture 
configurations, and environmental settings to 
optimize comfort and efficiency. This 
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convergence of computer vision and smart home 
technologies represents a significant step toward 
fully autonomous living spaces capable of 
adapting to occupants' needs while maintaining 
aesthetic and functional excellence. 
IV. System Architecture and Design 
Enhancement Framework 

The proposed system architecture for computer 
vision-based interior design enhancement 
consists of multiple interconnected components 
that work together to analyze indoor 
environments and generate intelligent design 
recommendations. The architecture begins with 
data acquisition, where images and videos of 
interior spaces are captured using cameras, 
smartphones, or smart home surveillance 
devices. These visual inputs serve as the primary 
source of information for the system. High-

quality image acquisition is essential because 
accurate analysis depends on clear and detailed 
visual representations of the environment. 
Multiple viewing angles and lighting conditions 
are often considered to ensure comprehensive 
room assessment and minimize information loss. 
Following data acquisition, the collected visual 
information undergoes preprocessing and feature 
extraction. During this stage, image 
enhancement techniques are applied to improve 
clarity and eliminate distortions caused by poor 
lighting or camera noise. Feature extraction 
algorithms identify important visual 
characteristics such as edges, textures, shapes, 
colors, and spatial dimensions. These extracted 
features are then processed using computer 
vision models capable of recognizing furniture, 
architectural structures, decorative objects, and 
room layouts. Accurate feature extraction 
enables the system to create detailed digital 
representations of interior spaces that support 
advanced analysis and optimization. 
The next component of the framework involves 
scene understanding and spatial modeling. 
Advanced deep learning algorithms analyze the 
extracted features to develop a semantic 

understanding of the room environment. This 
process includes object classification, room 
categorization, space measurement, and 
identification of functional zones within the 
living area. Three-dimensional modeling 
techniques may also be employed to generate 
virtual representations of rooms, enabling users 
to visualize potential design modifications 
before implementation. Such capabilities 
enhance decision-making and reduce 
uncertainties associated with interior renovation 
and redesign projects. 
Artificial intelligence-based recommendation 
engines constitute another critical component of 
the design enhancement framework. These 
engines analyze visual information alongside 
user preferences, design principles, and 
historical data to generate personalized 
recommendations. Suggestions may include 
optimal furniture placement, color palette 
adjustments, lighting improvements, decorative 
enhancements, and space-saving solutions. 
Machine learning algorithms continuously refine 
recommendation accuracy by learning from user 
feedback and behavioral patterns. This adaptive 
approach ensures that design suggestions remain 
relevant, personalized, and aligned with 
individual lifestyle requirements. 
Performance evaluation and user interaction 
mechanisms complete the proposed system 
architecture. The effectiveness of the interior 
enhancement system is assessed using metrics 
such as object detection accuracy, 
recommendation relevance, processing speed, 
user satisfaction, and design improvement 
scores. Interactive user interfaces allow 
homeowners and designers to review 
recommendations, explore alternative design 
options, and provide feedback to the system. 
Integration with augmented reality and virtual 
reality technologies further enhances user 
engagement by enabling immersive visualization 
of proposed modifications. Such comprehensive 
evaluation and interaction mechanisms ensure 
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that the system delivers practical, efficient, and 
user-centered interior design solutions for smart 
living environments. 
V. Results and Discussion 

The implementation of computer vision 
technologies for interior design enhancement 
demonstrates significant improvements in the 
efficiency, accuracy, and personalization of 
smart living spaces. The experimental analysis 
was conducted using image datasets containing 
various residential interior layouts, furniture 
arrangements, and decorative elements. 
Advanced computer vision models were 
employed to identify room components, analyze 
spatial relationships, and generate design 
recommendations. The results indicate that AI-
powered interior design systems can accurately 
recognize furniture items, optimize room 
layouts, and improve user satisfaction through 
personalized suggestions. Furthermore, 
integration with smart home technologies 
enhances adaptability and automation, enabling 
intelligent environments capable of responding 
to user preferences. The following tables and 
figures summarize the major findings of the 
study. 
Table 1: Interior Design Features Detected 
Using Computer Vision 

Interior 
Feature 

Number 
Detected 

Percentage 
(%) 

Furniture Items 52 34.7 

Lighting 
Fixtures 

28 18.7 

Decorative 
Elements 

25 16.6 

Windows and 
Doors 

22 14.7 

Wall and Floor 
Structures 

23 15.3 

Total 150 100 

 

 

Figure 1: Distribution of Detected Interior 
Elements 

Table 2: Accuracy of Computer Vision 
Models in Interior Analysis 

Computer Vision Model Accuracy (%) 
YOLOv8 94 

Faster R-CNN 92 

Mask R-CNN 95 

MobileNet SSD 89 

EfficientDet 93 

 

 

Figure 2: Comparative Performance of 
Computer Vision Models 

Table 3: User Satisfaction with AI-Based 
Design Recommendations 

Evaluation Parameter Satisfaction (%) 
Design Quality Improvement 91 

Space Utilization Efficiency 88 

Ease of Use 86 

Personalization Accuracy 90 

Overall Satisfaction 89 
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Figure 3: Impact of AI-Based Interior 
Enhancement on User Experience 

Discussion 

The findings reveal that furniture detection 
constitutes the largest category of identified 
interior elements, demonstrating the 
effectiveness of computer vision systems in 
recognizing and analyzing room components. 
Accurate detection of furniture, lighting fixtures, 
decorative items, and architectural structures 
enables intelligent systems to generate 
comprehensive assessments of indoor 
environments. The high detection percentages 
indicate that modern computer vision 
technologies can successfully interpret complex 
interior scenes and support automated design 
optimization. These capabilities significantly 
reduce the need for manual measurements and 
visual inspections, thereby improving efficiency 
in interior planning processes. 
The comparative analysis of computer vision 
models indicates that Mask R-CNN achieved the 
highest accuracy, followed closely by YOLOv8 
and EfficientDet. These results highlight the 
importance of deep learning architectures in 
achieving reliable scene understanding and 
object recognition. User satisfaction scores 
further demonstrate the practical value of AI-
powered design recommendations, particularly 
in improving design quality, personalization, and 
space utilization. The integration of computer 
vision with smart home technologies creates 
adaptive environments capable of responding 
dynamically to user needs, thereby enhancing 

overall living experiences and supporting 
intelligent interior design practices. 
VI. Challenges and Future Scope 

One of the major challenges associated with 
computer vision-based interior design systems is 
the variability of lighting conditions within 
indoor environments. Changes in illumination, 
shadows, reflections, and camera angles can 
significantly affect image quality and object 
detection accuracy. Ensuring consistent 
performance across diverse environmental 
conditions requires robust preprocessing 
techniques and adaptive machine learning 
models capable of handling visual variations 
effectively. 
Privacy and data security concerns represent 
another important challenge in smart living 
environments. Vision-based systems often rely 
on continuous monitoring and image collection, 
which may raise concerns regarding personal 
privacy and unauthorized data access. 
Organizations developing such systems must 
implement strong encryption mechanisms, 
secure storage solutions, and transparent privacy 
policies to maintain user trust and comply with 
regulatory requirements. 
Computational complexity also presents 
significant difficulties for real-time interior 
analysis. Deep learning models require 
substantial processing power and memory 
resources, particularly when analyzing high-

resolution images and large datasets. Although 
advances in hardware acceleration and cloud 
computing have improved performance, 
achieving real-time responsiveness on resource-

constrained devices remains an ongoing 
challenge. Researchers continue to explore 
lightweight architectures that balance 
computational efficiency with analytical 
accuracy. 
Another limitation involves personalization and 
contextual understanding. While AI systems can 
learn user preferences and generate 
recommendations, accurately capturing 
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individual tastes, cultural influences, and 
emotional responses remains difficult. Interior 
design decisions often involve subjective 
considerations that may not be fully represented 
in existing datasets. Future systems must 
incorporate more sophisticated behavioral and 
psychological models to improve 
personalization capabilities. 
Future developments in augmented reality (AR), 
virtual reality (VR), and Internet of Things (IoT) 
technologies are expected to significantly 
enhance computer vision-based interior design 
systems. AR and VR platforms will enable users 
to visualize design modifications in immersive 
environments before implementation, while IoT 
integration will facilitate real-time adaptation of 
lighting, temperature, and furniture 
configurations. Advances in generative AI, 3D 
scene reconstruction, and explainable AI will 
further improve automation, transparency, and 
user engagement, leading to more intelligent and 
adaptive smart living spaces. 
VII. Conclusion 

Computer vision has emerged as a 
transformative technology capable of 
revolutionizing interior design processes within 
smart living environments. By combining image 
processing, object detection, deep learning, and 
intelligent analytics, computer vision systems 
provide automated solutions for analyzing 
indoor spaces and generating personalized 
design recommendations. The study 
demonstrates that these technologies 
significantly improve design efficiency, reduce 
manual effort, and enhance decision-making 
accuracy. Through automated recognition of 
furniture, lighting, decorative elements, and 
spatial structures, intelligent systems can create 
optimized living environments that balance 
functionality and aesthetics. 
The research findings indicate that advanced 
deep learning models such as YOLOv8, Mask 
R-CNN, and EfficientDet achieve high levels of 
accuracy in interior scene understanding and 

object recognition. User satisfaction results 
further confirm the effectiveness of AI-driven 
design recommendations in improving design 
quality, personalization, and space utilization. 
The integration of computer vision with smart 
home ecosystems enhances adaptability and 
enables intelligent environments capable of 
responding dynamically to occupant preferences 
and behavioral patterns. 
Despite existing challenges related to privacy, 
computational complexity, environmental 
variability, and personalization, ongoing 
technological advancements continue to expand 
the capabilities of computer vision-based interior 
design systems. Future integration with 
augmented reality, virtual reality, generative AI, 
and IoT technologies is expected to create more 
immersive, adaptive, and user-centered living 
environments. Consequently, computer vision 
will play an increasingly important role in 
shaping the next generation of smart homes and 
intelligent interior design solutions. 
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