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Introduction: This article investigates the revolutionary influence of artificial intelligence (AI) on interior design, with an emphasis on the incorporation of machine learning ML techniques. The advent of AI has resulted in a paradigm change in design methods, prompting a thorough review of research gaps and the potential for ML applications in a variety of areas of interior design.Methods: A systematic review process was implemented to fill these gaps, consisting of an in-depth evaluation of 28 research publications from Scopus databases categorized into eight themes. The investigation sought to address a pair of primary inquiries: what opportunities exist for using ML in interior design conditions, and what challenges limit its effective implementation.Result: The study discovered a significant gap in the existing literature, demanding a full assessment to highlight challenges in ML implementation and the potential for applied ML development throughout the whole spectrum of interior design.Discussion: The findings are intended to provide researchers and enthusiasts with an extensive understanding of ML-based gaps in interior design conditions and to provide various solutions for filling these gaps. This understanding may assist in the development of intelligent ML-driven apps, promoting interior contexts that improve user well-being and psychological comfort.Keywords: machine learning, interior design, artificial intelligence, interior-environment, smart technology, sustainability
1 INTRODUCTION
Interior design, an encompassing field that combines creative innovation, architectural principles, and utilitarian imperatives, constantly relies on designer evaluations and intuition. However, the intricate nature of interior design has increased in response to rising requirements of resource efficiency, personalization, and environmental sustainability. Machine learning technologies can play. A significant role in enhancing efficiency and sustainability. For resource management optimization, and environmental sustainability (Arabasy et al., 2024). In this transformational context, the emergence of Artificial Intelligence (AI), an aspect of Machine Learning (ML), has provided a compelling paradigm change (Edla et al., 2018). Significantly, in the twenty-first-century environment, ML and interior design integration has emerged as a revolutionary force (Goodfellow et al., 2016) providing unique opportunities to redefine the idea, construction, and utilization of interior spaces. ML appears as a component of AI encompassing algorithms and computational models that permit autonomous learning from data, pattern recognition, and predictive decision-making processes, despite the need for explicit programming (Sepasgozar et al., 2020) Its domain applications span a wide range of industries including healthcare, finance, transportation, and interior design.
Incorporating ML techniques into interior design practices has ushered in an era of creativity, efficiency, and customization. The varied contribution of ML to interior design is highlighted by its proficiency in space optimization, individualized design creation, eco-conscious material selection, exact cost calculation, forecasting developments, immersive visualization, and sustainability enhancement (Sepasgozar et al., 2019). Interior designers possess the ability to construct places that captivate not exclusively aesthetically but also function with efficiency, sensitivity regarding the environment, and customized adaptation to the specific tastes and desires of occupants through the analytical capability inherent in ML algorithms.
At the fundamental level, smart technology enables individuals to switch electronic devices on and off, and researchers in additional areas such as medical services or architecture utilize a range of actuators and sensors for a range of objectives. However, there is a need to learn from diverse techniques and combine them to use the same system, while also analyzing data obtained from devices used for different interior environment management. With regard to the context of the rapid expansion of ML applications in interior design, it is necessary to initiate an extensive review of existing research, assess the present state-of-the-art, and evaluate the technical capacities at work in the sector. In this context (Ringel et al., 2019), demonstrated how an intelligent residence can assist in achieving energy conservation goals while improving occupant wellbeing. Building automation techniques and intelligent residence assistance systems can improve users’ quality of life, while also allowing AI to evaluate their behavior (Nguyen and Aiello, 2013). The system can employ behavioral analysis to forecast user demand and optimize the utilization of technologies and resources (Tao et al., 2018).
According to (Gonçalves et al., 2019) the management of the user’s perspective or demand estimate is crucial and challenging, and consequently, must be handled using smart interior environments and smart grid technologies. A viable solution is the combination of algorithms and source optimization, which will contribute to the development of an efficient interior space supervision system. Smart technology has recently grown rapidly, and new applications are being investigated and supplied by academics and practitioners. According to reports, there will be a substantial increase in the number of wirelessly linked technological devices (Silverio-Fernández et al., 2018). As a result, there is a pressing need to examine prior efforts, analyze the latest research and technological possibilities, and evaluate the effectiveness of their implementation.
Despite the growing interest in ML in interior design, this study is unique due to how it conducted an exhaustive investigation of the obstacles and possibilities associated with using machine learning (ML) approaches through all aspects of interior design. The existing literature frequently lacks an in-depth investigation of particular ML-based uses that involve inner-built environment efficiency, customized design development, eco-conscious selection of materials, accurate estimation of costs, forecasting of trends, deep visualization, and sustainability improvement in interior design contexts. This research aims to fill this gap and provide a more nuanced knowledge of these challenges and possibilities, paving the way for the creation of tailored ML strategies that meet the diverse and developing demands of current interior design practices.
2 METHODOLOGY AND LOGIC
Wrigh (2020) demonstrated to identify the missing segments in any study or program analysis by literature review gap analysis to achieve our aims, a systematic review was conducted to identify journal papers addressing. Scopus database was chosen because of the ease of discovery of peer-reviewed research, and the proper development. The chronological sequence to review the literature from March 1991 to September 2023, 48 studies have been dedicated. 27 studies were employed for inclusion in the current study based on publications in peer-reviewed journals related to machine learning applications in interior design, with the provision of experimental data or detailed cases. Studies that concentrated on theoretical elements and generic artificial intelligence applications were eliminated. Without regard for internal design, duplicate research, or research presented at conferences, to ensure the selection of high-quality studies that contribute to creating an excellent basis for analysis and objective results, The search workflow is depicted in Figure 1. The following query string is used “TITLE-ABS-KEY ((“interior design” AND ( “machine learning” OR “ml”)))”.
[image: Figure 1]FIGURE 1 | Research design.
After the collection of related articles, we conducted a scientometric analysis to measure the progress of the scientific production of ML in interior design (Mooghali et al., 2011). Furthermore, in this study, the “VOSviewer” software (Van Eck and Waltman, 2010) was applied to create and show bibliometric networks based on the evaluated literature. We map the relationships between the applications of ML in interior design and the density of each application. We also identified the main theme of each article.
All of the following bibliometric variables were analyzed: article title, relevant journal name, SJR rank, period of publication, name of the writer, number of citations, and reference keywords. Figure 1 provides a general overview of the work done in this study. Subsequently, the research implemented gap analysis by first, identifying the main themes through the techniques of scanning and skimming to sort the relevant articles (Machi and McEvoy, 2016). Then, all studies were critically analyzed to highlight the aim of the study and method limitations.
2.1 Scientometric analysis
The progress of the scientific production in the applications of ML in interior design is shown in Figure 1. As shown in Figure 2 it can be seen that the first paper on the application of ML in interior design was published in 2006. However, it started to increase steadily increasing from 2021. This is an indication of the significant attention that machine learning applications with interior design received over the last 3 years.
[image: Figure 2]FIGURE 2 | The progress of machine learning with interior design publications per year.
VOSviewer has strong features for discovering links between concepts and displaying complicated networks in a straightforward easy-to-understand format. The program was used to assess the relationships between various articles and important concepts, and the findings are shown in Figures 3, 4. Figure 3 shows the network analysis of (m = 45) papers, it can be seen from Figure 4 that there are specific usages of integrating machine learning interior design, namely, interiors of buildings, interior design and furnishing, color psychology, lighting in interior Environment, Human Behaviour Wellbeing and safety of the structure. Figure 4 presents the density of the mentioned applications of analyzing (n = 45) papers, it is obvious that machine learning technology is highly used in integration with FRP applications to provide a wide range of workable solutions.
[image: Figure 3]FIGURE 3 | Network analysis of ML applications in interior design. This figure was created using VOSviewer software (Van Eck and Waltman, 2010).
[image: Figure 4]FIGURE 4 | Density analysis of ML applications in interior design. This figure was created using VOSviewer software (Van Eck and Waltman, 2010).
3 APPLICATION OF MACHINE LEARNING IN INTERIOR DESIGN
Table 1 includes the major research on object and information-detection-based machine learning. Articles were classified into eight main categories, namely, Color Psychology, Interior Environment and Human Behavior Wellbeing, Medical Interior Environment, Residential Design, Lighting in Interior Design, Furniture Factor, Models Measured and Analyze Data, Rendering Image, and Interior Structural Elements. Figures 5, 6 shows that the majority of articles about object detection focus on using machine learning to analyze interior layouts, inspecting the accuracy of spatial arrangements, especially for large furniture elements, and detecting detailed design aspects in medical and residential spaces. The bulk of articles on information detection focus on capturing data on occupant behaviors and equipment usage within interior spaces during everyday interactions.
[image: Figure 5]FIGURE 5 | The articles about object detection focus on using machine learning.
[image: Figure 6]FIGURE 6 | Reports the number of research for each category.
TABLE 1 | Indicated to the data collections and its categories.
[image: Table 1]3.1 Color psychology
Color plays a fundamental role in interior design, not only for providing aesthetic value to spaces but also as a crucial element in maintaining psychological equilibrium for the wellbeing of space users. It serves as a central axis in the field of visual perception, and colors act as potent emotional stimuli. This highlights the psychology of color, a scientific discipline that explores the ability of color to evoke feelings of excitement, tranquility, or mystery, among others. In addition, it encompasses aspects of individual aesthetic preferences in interior spaces, going beyond its connection to the reception of electromagnetic waves by the human brain and significantly influencing human behavior (Jain and Nayak, 2023) Color psychology has been a hotspot in interior design for decades. To improve the performance of the inner spaces, two studies have proposed the use of ML to enhance color psychology and interaction with the users based on pictures and solutions for color detection systems in interior design, (Yu and Egger, 2021). Applied the analysis of sequential images and data given pictures with various highlights utilizing ML approaches which uncovered the connection between color and users and gave rules to advertisers to upgrade the travel industry exercises through moving from aesthetic philosophy to the field of color psychology limitation. Another study by (Dewingong et al., 2022) used ML methods to improve color solutions and interior design operations. This study proposes a method for teaching color detection systems in interior design to recognize colors in the RGB space and predict their names and values using machine learning. OpenCV, an open-source computer vision system, was used for image handling and variety identification. However, the limitations of applications that interact with users through Instagram social media will result in an incomplete depiction of the intricate nature of real-world architectural events and may limit the scope of the study.
3.2 Interior environment and human behaviour wellbeing
Several studies have been undertaken in the field of ML research to investigate various aspects of the built environment. ML has been used in five studies of the built environment and its interaction with human behavior in interior design (Deng and Chen, 2021). The study expanded into the field of indoor behavior adjustment, concentrating on thermo-stats and clothing level changes. For this objective, they built a policy-based reinforcement learning (RL) model and used Q-learning as the training mechanism in MATLAB. Even though they successfully verified their RL model using acquired data, it is crucial to highlight that their research was limited to this specific RL technique and the use of transfer learning within workplace and residential buildings. Moreover (Abdel-Razek et al., 2022), took on the endeavor of room utilization identification, intending to improve accuracy by considering various environmental parameters such as light, CO2, and humidity. Their research included the use of ML ability to interpret approaches such as K-nearest neighbors (KNN), hybrid Adam optimizer-artificial neural network-back-propagation network (AO-ANN (BP)), and decision trees (DT). However, it is important to note that their study was mostly limited to classification models and focused only on indoor environmental quality in relation to energy efficiency. For (Kim, 2021). The study had a distinct focus, concentrating on understanding the relationships between affordances and interior elements within the built environment from the perspective of users. To achieve this, they conducted an ethnographic case study, relying on unobtrusive observations through various multimedia methods, including video recordings, voice recordings, and photographs. However, the study’s limitation lies in its exclusive reliance on qualitative ethnographic data, neglecting quantitative aspects and alternative analytical methods. Consequently (Winter et al., 2022), investigated the implementation of lightweight ML models for human posture valuation and gesticulate categorization through the lens of interactive interior design predictions. The main focus of the study was to improve the involvement of visitors. An empirical evaluation of lightweight ML models is included in the research. Nonetheless, it is crucial to note that the research was limited to the specific use of these models at museums and neglected to investigate possibly additional ML approaches or more general uses. Finally (Bouazizi et al., 2023), study monitored the behaviors of older adults living alone, with a special focus on identifying dangerous incidents, such as falls. The study suggests a unique approach: putting a 2D LIDAR onto a robotic vacuum, using its mobility to constantly gather distance information and identify humans on the ground after a fall, even after a certain amount of time has passed. A convolutional long short-term memory (LSTM) neural network is used to process, interpolate, and evaluate the acquired data. Simulations show high accuracy rates of 81.2% and 99%, outperforming traditional static LIDAR systems (69.4% and 88.6%, respectively). However, the limitations are centered on simulations, and practical problem deployment may provide practical issues that were not anticipated, necessitating additional validation for actual implementation.
3.3 Medical interior environment
The irrefutable truth of global warming has far-reaching consequences for the healthcare sector, which both contributes to and is affected by environmental issues. Most scientific investigations focus on the importance of understanding architecturally justified techniques for lighting internal spaces in healthcare facilities, with extra attention on greenhouse executives, the use of sustainable interior components, and landscaping. According to studies, healthcare facilities, due to their resource-intensive nature, require significant amounts of electricity, water, and building materials to provide the highest level of care. Additionally, the implementation of green measures in healthcare facilities has the potential to drastically reduce their environmental effect while improving the wellbeing of healthcare employees and encouraging patient recovery (Danilov et al., 2020), in the context, of two separate studies investigated the influence of design features in healthcare environments on patient wellbeing in the field of scientific investigation (Jung et al., 2023). investigated biophilic design by examining its impacts in a virtual reality (VR) hospital patient room and its impact on emotional and brain responses. Their research involved a comprehensive examination of interactive emotions using electroencephalogram (EEG) and virtual reality (VR) technologies. They employed ML and statistical analysis to distinguish emotional changes caused by biophilic design, with a specific focus on lowering tension in medical environments. Their work, however, has several limitations, such as the controlled experimental environment, which does not always entirely reflect practical applications in medical situations. In a related vein (Schreuder et al., 2016), focused on the effect of design features (DCs) within patient rooms on self-reported patient wellbeing. Their study included measuring the interior and exterior characteristics of patient rooms across several medical facilities, as well as patient ratings of room design and its relevance to their wellbeing. They attempted to create connections between the physical elements of patient rooms and patient wellbeing using ML techniques and regression analysis. However, their study has limitations. It relies on self-reported ratings, which may be sensitive and affected depending on individual perspectives.
3.4 Residential design
Mengyao and Yu, (2023) Use ML techniques to conduct an investigation centered on art design. Their primary goal is to simulate an intelligent placement method that will match the actual categorization outcomes from samples tested with network values for output while maintaining accuracy standards. Nonetheless, potential limitations involve the dataset’s availability and representativeness for the development and evaluation of the algorithm. Furthermore (He et al., 2023), investigate online booking systems, with a focus on the context of pictures provided in search results. Their research looks at how visual characteristics of interior aspects like the bedroom, living room, and interior aesthetic features and additionally the clarity, illumination, and contrast of background photos impact booking rates during a 16-night end-of-year holiday period. Their strategy entails the creation of a complete model that encompasses visual data, property features, and host traits. They also address endogeneity problems by calculating propensity scores and constructing instrumental factors in two marketplaces (New York City and San Francisco). The study may, however, have limits in terms of the ability to generalize its outcomes to other historical periods or geographical areas, as the applicable case (New York City and San Francisco). Nevertheless (Zhao et al., 2022), in their publication present Home-Monitor, a device event monitoring system. During training, their major concentration is regarding the unique identification of device activities utilizing network packet size and direction. They want to see how successful the system is in monitoring and analyzing device events. The study’s limitations might include possible difficulties in dealing with varied network settings and the necessity for practical application validation to determine Home-Monitor’s practical value and accuracy.
3.5 Lighting in interior design
The application of ML plays an essential role in interior design lighting due to the optimization of illuminating schemes following consumer preferences, time of day, and daylight factors. ML algorithms can adapt and optimize lighting systems to increase the effectiveness of energy and generate a personalized atmosphere, integrating a combination of aesthetics and functionality in interior environments (Chen et al., 2023). ML has been used in two studies of lighting in interior design (Cadusch et al., 2019), The study concentrated on the experimenting verification of an improved nanostructured silicon-based photodetector machine with adjustable sensitivity via geometric parameter modifications. The study effectively utilized “fishnet pixels” to build a mini spectrometer chip and proved the reconstructed version of four trial spectra employing a two-stage supervised machine-learning-based reconstruction technique. Furthermore, the study developed a novel doping profile featuring vertically stacked, consecutively photodiode areas, thereby increasing the variety of detectors in a given on-chip footprint. Nevertheless, the limitation of the application of this unique design outside the individual experiments shown could potentially be restricted, especially in handling contemporary difficulties (Parsaee et al., 2022). study, on the other hand, demonstrated the compilation of eight massive imaging datasets totaling around 12,000 photos organized into 1,220 sets. The data were painstakingly recorded within a model of architecture to investigate the effect of shade panels on photo-biological illumination parameters. The studies featured varied shade panel configurations in an artificial sky room under a variety of outdoor overcast daylighting circumstances, comprising different color temperatures and levels of light. These datasets, which comprise bracketed low dynamic range (LDR) photos, allow for the creation of high dynamic range (HDR) photographs for photobiological lighting assessments. The study’s limitations, however, stem from the supervised experimentation environment within an architectural model, resulting in probably not completely depicting the intricate nature of real-world architectural events and may limit the study’s scope.
3.6 Furniture factor
In the realm of ML implementations in furniture factor (Tautkute et al., 2019). presented Deep-Style, a novel multimodal search engine designed to address the challenge of retrieving items from a multimedia database based on aesthetic similarity to the query, this approach cleverly used visual and linguistic indications to aid retrieval, notably in the sector of fashion products, which includes apparel and furnishings. This study, while intriguing, has limitations. Deep-Style’s capacity to function successfully in real-world circumstances may be hampered by a lack of broad and thorough datasets for training. Furthermore, the study’s focus on fashion merchandise retrieval raises concerns about its applicability to other fields, and a full investigation of the evaluation measures used is required. Moreover, a study by (Ştefan et al., 2019) conducted in the field of Augmented Reality (AR) and AI combination, to improve AR processes using ML techniques. The study introduces “FURNITURE,” an intelligent AR mobile application that capitalizes on AI and AR cooperation to create a class of applications for AR with two pivotal functionalities: (a) using an ML-trained model to evaluate the originality of images of the furniture, categorizing them into specified styles, and (b) enhancing furniture pieces under actual conditions in a historical context and a representative 3D model corresponding to their originality style. However, the research limitation highlights the idea of the virtual reality application and its capability advantages; however, its actual performance and effectiveness may be altered by practical problems and adoption among users.
In an equivalent vein (Zhao and Hao, 2021). Embarked on a robotics research project in order to solve prevalent challenges plaguing table tennis robot systems. To improve the system’s precision and efficiency, they developed a target trajectory tracking algorithm that used machine vision and the Scaled Conjugate Gradient (SCG) approach. The evidence of their research was using tracking algorithm characteristics as input data for a deep neural network, followed by normalization, to create a robust deep neural network algorithm model. Nonetheless, there are several limitations to the study. The algorithm’s performance is dependent on the amount and variety of the training dataset, which may restrict its generalizability to other techniques and circumstances, the study also lacks extensive real-world testing and validation in a variety of conditions.
Racec et al. (2016) explored the challenges of computer-based optimization in design, highlighting computational intelligence within a wider architectural context and interior design. Despite its value, the fundamental limitation of the suggested commercial solution for autonomous furniture arrangement is the lack of specific details regarding its execution. Moreover (Park et al., 2021), underlined the importance of furniture and color combinations in home design. They provided a data-driven strategy that uses ML along with network analysis to analyze 14,111 interior design in-stances from an Internet-based platform. However, this study is largely concerned with pattern recognition and requires practical applicability. Along with context, a study by (Nishikawa et al., 2019) introduces a revolutionary search engine that proposes customized furniture pairings to customers’ tastes based on picture attributes. The suggested technique analyzes user-selected photos to generate a rule-based combination of furniture pieces adapted to individual tastes, taking form and color into account. The implementation in reality and user satisfaction with the suggested system, on the other hand, limitations are susceptible to conditions in the real world and require further refining to improve its performance.
Finally (Tanasra et al., 2023), uses ML to automate and improve interior design processes. They generated furniture layouts using conditional generative adversarial networks and a collection of designated floor plans. Furthermore, they presented assessment criteria that integrate architectural design principles with computer vision features. While the study effectively exhibits architectural standards adherence and highlights BicycleGAN as the best-performing model, the limitation lacks insight into the complexities of incorporating their approach into practical application design workflows.
3.7 Models measured and analyzed data and rendered images
Mura et al. (2021) provide Walk2Map, a unique data integration technique that concentrates on modeling data such as RGB-D pictures and 3D point clouds. Their research comprises a full quantitative and qualitative assessment involving generated paths using scanned interior models as practical application paths and a comparison to a base translating image into images approach. These research investigations demonstrate the technique’s potential in reliably retrieving floor layouts from limited walk trajectory data. However, due to different interiors according to the diversity of built environmental circumstances, limits may occur in implementations that exist. Furthermore, (Huiskes and Pauwels, 2005). Presents an extensive examination of the image-regaining process, focusing on global and local features based on picture subdivisions in interior design. They also discuss the usage of MPEG-7 standard metadata and interfaces and learning algorithms for appropriate feedback, intending to improve user interactions with the outcome of queries. The study’s limitations may stem from the generalization of findings across various picture retrieval contexts. Additionally, (Liu, 2023). Proposes an experimental machine learning-based technique for interior design color transfer which employs the K-means algorithm for dealing with unequal brightness areas in prioritize photos. However, the limitations are the algorithm’s flexibility to different design configurations and reliance on original image quality are significant drawbacks. According to (ZHENG et al., 2020), the major of the study is to leverage the potential of Generative Adversarial Networks (GANs) to change the development of architectural plan drawings. The aim was to allow designers to automatically develop precise elements of apartment floor layouts within defined constraints. To accomplish this, an ML framework is used, which learns from picture pairs representing both the borders and full-plan drawings. The learning algorithm creates a model that understands the complex links between the image pairs. Subsequently, the assessment program applies these data to create architectural designs based on boundary photos supplied by the user. However, given the broad and multidimensional character of such plans, study limitations may encounter issues in correctly portraying the intricacy and depth of architectural design.
The major goal of the (Pejic and Pejic, 2022). Study is to pioneer a revolutionary technique for linear kitchen layout design that uses machine-learning algorithms to derive insights from current layouts. This article introduces the Procedural Kitchen Generation (PKG) model, which is a complex pipeline comprising 6 ML classifiers. The aforementioned classifiers underwent training and validation on a dataset meticulously selected by interior designers, with an emphasis on kitchen layouts. The ultimate objective is to allow for the automatic creation of kitchen layout proposals based on the amount of knowledge gained from previous designs. Furthermore, the PKG model is smoothly linked to the Unity Engine, making the automatic improvement and display of 3D kitchen designs possible. However, the limitations of the study are the success of dependent on the quality and variety of the training dataset as well as the inherent limits of any ML-based method in completely capturing the nuances of individual design preferences in kitchen layouts. Along with context, (Terrier and Martin, 2020). Study investigates the possibilities of virtual environments (VE) that use virtual reality (VR) to improve co-design processes by creating 3D prototypes within the VE. The goal of the research addresses populating realistic mock-ups, especially in the early phases of the process of design when common items are employed instead of variants. The study suggests a retrieval approach based on 2D drawing within the VR environment, augmented by ML capabilities, to increase user experience and interactivity. This novel technique recognizes 90 item types essential to VR interior design, achieving an excellent performance rate of up to 86% in the initial evaluation. However, study limitations and user-specific issues may emerge during real-world implementation, demanding more study and improvement. Moreover (Zhang and Ban, 2022). The study analyzes the changing role of interior design in modern culture. Using advances in computer vision and (AI), the focus of the study is to automate aesthetic judgments of interior design, supporting users in picking acceptable and effective interior design solutions from gathered photos or digital devices. The limits of this automated aesthetic evaluation method are potentially related to subjective preferences and cultural subtleties, which may not always be adequately reflected by algorithms.
Finally (Wang et al., 2023), provide critical assessments of representational techniques in five interrelated areas of interior design. They highlight advantages and weaknesses, although limitations may include the possibility of bias in method selection and the depiction of customized interior design (PID) solely from a technology standpoint. The results add to the growing environment of interior design and data analysis by navigating the constraints of their approaches.
3.8 Interior structural elements
Deng, (2021) Proposes research in the domain of structural safety evaluation that focuses on improving the accuracy of evaluating interior load-bearing structures. The research presents an innovative method for obtaining stress distribution features specific to interior load-bearing structures. For this, a hybrid methodology combining genetic algorithms and ML techniques is implemented to locate and evaluate stress patterns within these architectures. While this novel technique has the potential to enhance safety evaluations, it is critical to recognize possible limitations concerning the requirement for an adequate dataset for ML and the generalizability of results to a larger variety of architectural configurations.
4 DISCUSSIONS
This article investigates the incorporation of ML into several elements of interior design in this study, resulting in the potential to revolutionize the sector. We intend to present a thorough review of the state of the art and current developments in ML applications in interior design. The discussion is divided into categories depending on the various components of interior design inspired by ML approaches.
Color Psychology: Color psychology is important in interior design because it influences not only the visual appeal but also the psychological state of the inhabitants. By evaluating photos and their emotional influence on users, ML has been applied to improve color psychology. Many of these studies, however, have been constrained by their focus on controlled conditions of experimentation or specialized applications, which may not adequately depict the complexities of real-world interior design circumstances. More study is needed to confirm these ML-driven color psychology advances’ practical relevance.
Human Behavior and the Interior-Environment Wellbeing: ML has been used to investigate human behavior and wellbeing in interior environments. Various machine-learning algorithms have been applied to investigate parameters such as the quality of indoor environments, room use, and user behavior. While these studies have yielded useful information, they frequently have drawbacks such as focusing on certain elements or depending on categorization methods. Future research should seek to address these limitations by pursuing more comprehensive and multidisciplinary methods to comprehend the complex interaction between interior environments as well as human wellbeing.
Lighting in Interior Design: ML has been used to improve lighting techniques for interior design by taking customer preferences, the moment during the day, and daylight considerations into account. Many of these examinations, however, are restricted to specific purposes or experimental conditions. More studies should be conducted to extend these findings to real-world circumstances and to investigate the scalability of ML-driven illumination optimization in a larger context.
Furniture Factor: ML has been used to improve several areas of furniture planning and selection. These applications include fashion product retrieval systems and the use of augmented reality integration for furnishings visualization. However, this research frequently confronts difficulties with dataset quality and the ability for generalization. Future research should concentrate on extending datasets and enhancing the actual usability of these machine learning-driven solutions to suit a broader range of design requirements and settings.
Medical Interior Environment: The impact of ML on healthcare interior design, particularly biophilic design and its impacts on patient wellbeing, has been investigated. Though these studies have yielded insightful knowledge, they are frequently constrained by restricted experimental conditions. Future studies should try to confirm these findings in real-world healthcare environments and consider a larger variety of environmental factors that impact patient wellbeing.
Models Measured and Analyzed Data and Rendered Pictures: ML approaches have been used to model and analyze a wide range of data types, including pictures and 3D point clouds. The aforementioned applications can increase interior design process accuracy and efficiency. However, the constraints of these methodologies frequently revolve around the quality of the datasets and their application to various design situations. Future research should concentrate on increasing dataset variety and tackling real-world interior design challenges.
Interior Load-Bearing Elements: ML has been used for evaluating the structural safety of interior load-bearing elements. While these techniques show potential, they frequently rely on large datasets and may have generalizability restrictions. Future research should seek to create more robust and flexible ML models for evaluating structural safety in interior design.
Residential Design: ML approaches have been utilized to enhance factors such as art placement and inter-net-based booking systems in home design. These studies’ results, however, frequently have limitations in terms of dataset representativeness and generalizability. Future research should concentrate on increasing datasets and confirming the feasibility of these ML-driven design approaches in a variety of practical situations.
An extensive review of existing literature reveals significant incorporation of ML into the field of interior design, providing notable improvements and discoveries. Nonetheless, a synthesis of recurring facts and trends emerges. Starting with the crucial role of high-quality and diverse datasets in training ML models, a fundamental requirement to ensure dataset representativeness vis-à-vis real-world scenarios for the practical application of ML-driven solutions in interior design is underlined. The need to address this constraint through concentrated research efforts is emphasized. Furthermore, the interdisciplinary nature of the intersection of interior design and ML is obvious, requiring collaborative efforts between designers, architects, data scientists, and domain experts for the effective development of ML-driven solutions tailored to the various intricacies of interior design. Furthermore, a constant concern is the practical application of ML in real-world contexts, leading to a recurring request for additional validation and refining of ML-driven solutions to ensure their efficacy and effectiveness. Finally, when applying ML approaches, each subject within interior design brings distinct obstacles and constraints, needing careful thought and focused efforts by researchers to move the field ahead.
5 CONCLUSION
The importance of this research lies in its potential to drive significant improvements in interior design practices. By identifying current limitations and proposing directions for future research, this study paves the way for more effective and innovative design solutions, the successful integration of ML in interior design could lead to environments that are more responsive, personalized, and conducive to human wellbeing, marking a substantial leap forward in the field. Underscores the transformative potential of machine learning (ML) in interior design, highlighting both its achievements and areas necessitating further research. Where the study of color psychology in interior design revealed advancements in understanding the emotional influence of colors on individuals. However, limitations such as controlled experimental circumstances require more studies to confirm these findings in real-world design contexts. Although ML optimization of lighting schemes in interior design demonstrated considerable benefits, it was frequently limited to specific applications or experimental circumstances. Future research ought to implement these findings in a variety of real-world scenarios and investigate the scalability of ML-driven lighting optimization. In addition, challenges such as dataset quality and generalizability were observed in furniture factor applications such as fashion product retrieval systems and augmented reality integration. The influence of ML on hospital interior design, particularly biophilic design, revealed interesting insights but also required more validation in real-life circumstances considering a larger variety of environmental elements. The use of machine learning to model and analyze various data types in interior design provided prospects for enhanced accuracy and efficiency, but challenges relating to dataset quality and applicability must be addressed. Structural safety evaluation for interior load-bearing parts using ML approaches revealed promising benefits, however, issues in dataset representative-ness and generalizability must be addressed. High-quality and diverse datasets for training ML models are required for successful ML-driven solutions adapted to the complexities of interior design.
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Focus of study
‘This study uncovers the
relationship between color
and user engagement
based on pictures with
different features. Also
offers guidelines for
marketers to promote
tourism activities through
the application of color

‘This paper presents a
solution for color
detection systems in
interior design

“This study investigates on
builds a policy-based
reinforcement learning
(RL) model for the
behaviour of adjusting the
thermostat and clothing
level

“This paper evaluated the
accuracy of room
occupancy recognition
using a dataset with
diverse amounts of light,
€02, and humidity

“This study investigates the
relationships between
affordances and interior
clements in the built
environment by
understanding intrinsic
affordances by users

“This paper presents a case
study using lightweight
ML models for human
pose estimation and
gesture classification to
enable visitors’
engagement with
interactive projections of
interior designs

“This study aims to
investigate the driving
behaviours (g, eye
movement characteristics
and completion time of
operation tasks) subject to
different combinations of
temperature and interface
layouts

“This study investigated
how the incorporation of
biophilic design clements
in a virtual reality (VR)
hospital patient room
affects emotional and
brain responses

‘The main aim of this
research was to identify
the impact of design
characteristics (DCs) of a
patient room on
self-reported patient
wellbeing

‘This paper analyzes the art
design of smart home
products based on
machine learning
algorithms

This study focuses on the
background image (the
image displayed in search
results) and examines how
the background image's
content features (living
room, bedroom, and
interior design) and
aesthetic features (clarity,
brightness, and contrast)
affect the booking rate
during a 16- night
end-of-year holiday
period

‘This paper presents a
device event monitor
system, HomeMonitor

‘This study aims to
investigate the driving
behaviours (e.g., eye
‘movement characteristics
and completion time of
operation tasks) subject to
different combinations of
temperature and interface
layouts

‘This study experiment
demonstrates a novel
nanostructured
silicon-based
photodetector design
whose responsivity can be
tailored by an appropriate
choice of geometric
parameters

“This paper describes eight
imagery datasets
including around 12,000
images grouped in 1220
sets. The images were
captured inside an
architectural model aimed
at exploring the impact of
shading panels on
photobiological lighting
parameters

In this paper, propose a
multimodal search engine
that combines visual and
textual cues to retrieve
items from a multimedia
database aesthetically
similar to the query

‘This paper solves
problems of table tennis
robot system has two
common problems by
proposing a target
trajectory tracking
algorithm for table tennis
using machine vision
combined with a Scaled
Conjugate Gradient
(SCG)

‘This paper proposes a
data-driven approach to
reveal distinct patterns of
furnishing and color
pairing through object
detection, color
extraction, and network
analysis

‘This paper presents an
overview of current
advances in
computational intelligence
in architectural science
with a focus on interior
design

“This study aimed to
develop a furnishing
‘method that leverages
machine learning asa
‘means of enhancing
design processes

“This paper analyzes the art
design of smart home
products based on
‘machine learning
algorithms

“This rescarch aims to
apply GAN in creating
architectural plan
drawings, helping
designers automatically
generate the predicted
details of apartment floor
plans with given
boundaries

‘The main objective of this
paper is to develop a novel
approach for linear
kitchen layout design that
utilizes information from
existing layouts via
‘machine learning
algorithms

‘The aim of this study was
todevelopa furnishing
method that leverages
machine learning as a
means of enhancing
design processes

provide a radical
alternative to data (models
measured data such as
RGB-D images or 3D
point clouds, whose
capture and consolidation
involve lengthy data
workflows) presenting
WalkeMap

“This study provides an
overview of the current
state-of-the-art by taking
a tour along the entire
“image retrieval
chain-from processing
raw image data, through
various methods of
‘machine learning, to the
interactive presentation of
query results

“This paper proposes a new
‘method of interior design
color transfer based on
machine learning

This paper reviews recent
progress in five separate
but correlated areas,
including furniture style
analysis, furniture
compatibility prediction,
floor plan design, floor
plan analysis, and
automatic furniture layout

“This study improves the
accuracy of safety analysis
of indoor load-bearing
buildings

Meth

‘Taking a broader lens
from aesthetic philosophy
and narrowing it down to
color psychology

Using machine learning to
teach the system how to
recognize color in RGB
space and predict its name
and values

used Q-learning to train
the RL model in MATLAB
and validated the model
with collected data

machine learning
interpretability
methodologies, As
dlassification algorithms,
K-nearest neighbors
(KNN), hybrid Adam
optimizer-artificial neural
network-back-
propagation network
(AO-ANN (BP)), and
decision trees (DT)

“The ethnographic case
study was conducted by
unobtrusively observing
participant behaviors
during given tasks using
video recordings, voice
recordings, and
photographs

An empirical evaluation
LM

“The study was conducted
based on a laboratory
experiment among 53
subjects, an extreme
learning machine (ELM)
model, and an entropy
weight method

measure interactive
emotions in an
experimental setting,
using a combination of
electroencephalogram
(EEG) and VR methods.
A machine learning
approach and statistical
analysis were applied to
differentiate emotional
changes related to
biophilic design

“The physical environment
of patient rooms in four
hospital locations was
measured and patients
who stayed in these rooms
were asked to evaluate the
room design and its
contribution to their
wellbeing, Used a
machine-learning
technique and regression
analysis to find relations
between the physical
environment of a patient
room and patient
wellbeing

simulate the algorithm of
the intelligent positioning
function to make the
actual classification results
of the test samples
consistent with the
network output values,
and the error values can
also meet the accuracy
requirements

develop a model that
includes the amount of
visual information,
property characteristics,
and host characteristics,
and correct for
endogeneity by usinga
pair of markets (New York
City and San Francisco) to
calculate propensity
scores and construct
instrumental variables

using the network packet
size and the direction of
the device event for
unique identification
during training to evaluate
the effectiveness of
HomeMonitor

‘The study was conducted
based on a laboratory
experiment among 53
subjects, an extreme
learning machine (ELM)
model, and an entropy
weight method

use twenty such “fishnet
pixels” to form a micro
spectrometer chip and
demonstrate the
reconstruction of four test
spectra using a two-stage
supervised
machine-learning-based
reconstruction algorithm

‘The experiments of
shading panel
configurations were
conducted under four to
six different exterior
overcast daylighting
conditions simulated with
very cool to very warm
color temperatures and
high to low intensities
inside an artificial sky
chamber. The datasets
include bracketed low
dynamic range (LDR)
images which enable
generating high dynamic
range (HDR) images for
photobiological lighting
evaluations

dubbed DeepStyle,
mitigates those
shortcomings by using a
joint neural network
architecture to model

contextual dependencies
between features of
different modalities

used features of the
tracking algorithm as
input data for the deep
neural network and then
are normalized to create a
deep neural network
algorithm model. The
model is trained by the
position information of
the successive 20 frames

collected a large quantity
of image data (N = 14,111)
from Today’s House
(ohou.se) online interior
design platform. Then,
extracted furnishing
objects and color palettes
from the collected images

using object detection and
color extraction

algorithms

“The purpose of the study
is to highlight current
advances in
computational intelligence
within architectural
science, with a focus on its
applications in interior
design

afloor plans were tagged
and assembled into a
comprehensive dataset
that was then employed
for training and evaluating
three conditional
generative adversarial
network models (pix2pix,
BicycleGAN, and SPADE)
o generate furniture

layouts within given room
boundaries

simulate the algorithm of
the intelligent positioning
function to make the
actual dlassification results
of the test samples
consistent with the
network output values,
and the error values can
also meet the accuracy
requirements

‘Through the machine
learning of image pairs
that show the boundary
and the details of plan
drawings, the learning
program will build a
model to learn the
connections between two
given images, and then the
evaluation program will
generate architectural
drawings according to the
inputted boundary images

the machine learning
model automatically
generates layout
suggestions. The proposed
procedural kitchen
generation (PKG) model
is a pipeline of six
Machine Learning (ML)
classifiers that are trained
and tested on a kitchen
layout dataset created by
interior designers

afloor plans were tagged
and assembled into a
comprehensive dataset
that was then employed
for training and evaluating
three conditional
generative adversarial
network models (pix2pix,
BicycleGAN, and SPADE)
to generate furniture
layouts within given room
boundaries

a qualitative and
quantitative evaluation
using both trajectories
simulated from scanned
models of interiors and
measured, real-world
trajectories, and compare
against a baseline method
for image-to-image
translation. The
experiments confirm that
using this technique is
viable and allows
recovering reliable floor
plans from minimal walk
trajectory data

computation of global and
local characteristics based
on image segmentations is
reviewed in some detail in
the context of interior
design images. Also, the
representation of content
through MPEG-7
standard metadata is
introduced

method, the K-means
algorithm s introduced to
eliminate the uneven
brightness area of the
target image

review representative
methods and compare and
discuss their strengths and
shortcomings. In addition,
collect and summarize
public datasets related to
PID.

extracting the stress
distribution
characteristics of indoor
load-bearing buildings is
proposed. The hybrid
method of genetic
algorithm and machine
learning is used to extract
the stress analysis features
of indoor load-bearing
buildings

mitation

tourism photos on
Instagram

Open-source computer
vision (OpenCV) is used
in this system for
computer vision and to
process the image that has
tobe detected

RL model combined with
transfer learning on office
buildings and residential
buildings

KNN and DT and
AO-ANN (BP)
dlassification models on
indoor environmental
quality to ensure energy
efficiency

the study was applied by
unobtrusively observing
participant behaviors.
during given tasks using
video recordings, voice
recordings, and
photographs of participant
behaviors during given
tasks the implementation
of the result to be accurate
needs to be applied toa
wide range of participants
in different circumstances

“This paper presents a case
study of human pose
estimation and gesture
dlassification to enable
visitors' engagement with
interactive projections of
interior designs in a
specific interior
environment

the impact of in-vehicle
temperature and
in-vehicle design on
driving behaviors

biophilic design in a
hospital room to reduce
tension

used a machine-learning
technique and regression
analysis to find relations
between the physical
environment of a patient
room and patient
wellbeing

‘The lamination involves
examining the art design
of smart home products
using machine learning
algorithms, with a
particular emphasis on
implementing intelligent
positioning algorithms to
match actual classification
outcomes of test samples
with network output
values, to guarantee error
values fulfil accuracy
specifications

the content and aesthetics
of background pictures
affect booking rates
throughout the
end-of-year holiday
season. It entails creating a
‘model that incorporates
visual data, property, and
host characteristics, and
then adjusting for
endogeneity with
propensity scores and
instrumental factors from
two marketplaces

‘The laminating entails the
introduction of
HomeMonitor, a device
event monitor system that
uses network packet size
and event direction for
specific identification
during training to evaluate
its efficacy

the impact of in-vehicle
temperature and
in-vehicle design on
driving behaviors

utilize a unique doping
profile with two vertically
stacked, back-to-back
photodiode regions, to
double the number of
detectors ina given
on-chip footprint

inside an architectural
‘model aimed at exploring
the impact of shading
panels on photobiological
lighting parameters

enable intuitive retrieval
of fashion merchandise
such as clothes or
furniture

table tennis robot system

identified distinctive
patterns of furnishing and
color pairing through
network analysis only

the lack of specific details
regarding its execution

BicycleGAN
outperformed the two
other models. The overall
results demonstrate a
‘machine-learning
workflow that can be used
to augment existing
interior design processes

‘The lamination involves
examining the art design
of smart home products
using machine learning
algorithms, with a
particular emphasis on
implementing intelligent
positioning algorithms to
match actual classification
outcomes of test samples
with network output
values, to guarantee error
values fulfl accuracy
specifications

apartment floor plans with
given boundaries

PKG model, and
integrated into Unity
Engine for automatic 3D
kitchen generation and
presentation

‘The lamination entails the
creation of a machine

learning-based furnishing
method in which floor
plans, which have been
tagged and assembled into
a large dataset, are used to
train and evaluate three
conditional generative
adversarial network
models (pix2pix,
BicycleGAN, and SPADE)
to improve design
processes by generating
furniture layouts within
predefined room
boundaries

‘The Walk2Map technique
provides a radical
alternative to
data-intensive methods,
proving feasibility in
recovering floor layouts
from little walk trajectory
data by qualitative and
quantitative evaluation
using simulated and
real-world paths

interfaces and learning
algorithms that facilitate
relevance feedback, i.., on
systems that allow for
natural interaction with
the user in refining
queries utilizing feedback
directly in terms of
example images

K-means in interior color
transfer

PID is meeting residents’
personalized requirements
in terms of both furniture
and floor plans

stress distribution
characteristics of indoor
load-bearing buildings
based on machine
learning
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