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Abstract: The integration of Artificial Intelligence (AI) into architecture is reshaping the industry by enhancing 
design processes, project management, and sustainability efforts. This study provides a comprehensive 
analysis of AI software tools, focusing on their functionalities in the market, automated site analysis, building 
performance analysis, architectural design development, and additional features. Key findings reveal that 
while tools like Spacio.ai, Swapp, and Autodesk Forma offer extensive features across various design phases, 
their effectiveness is influenced by design capabilities, sustainability and viability assessments, overall 
architectural design procedures, and third-party interactions. The study underscores the need for tailored AI 
tools that can effectively follow the architectural process from conceptualization and design to engineering and 
building permits, all while ensuring full regulatory compliance and adaptability in real-time. By identifying 
current trends and features, this study contributes to understanding the role of AI in architecture, offering 
valuable insights for software developers and professionals aiming to integrate AI capabilities into a robust 
platform. The goal is to elevate architecture to higher levels of human engagement and construction excellence, 
harnessing the full potential of AI. 

Keywords: artificial intelligence in architecture; ai software tools in architecture; global ai adoption; 
construction technology ai assisted; real estate ai engagement; augmented reality in design process 

 

1. Introduction 

1.1. Background 

The integration of Artificial Intelligence (AI) into architecture has emerged as a transformative 
force, fundamentally altering traditional methods and practices across various stages of design, 
construction, and urban planning. AI's ability to process vast amounts of data, learn from patterns, 
and generate innovative solutions has positioned it as a game-changer in the architectural field. 
However, despite the growing body of literature exploring AI's role in architecture, significant gaps 
remain in understanding the collective impact of these tools on the future of the architectural 
industry. Much of the current research tends to focus on individual AI tools or specific functionalities, 
often lacking a holistic perspective on how these technologies influence the broader architectural 
process, including design, project management, and sustainability efforts [1].  

One of the critical areas where existing research falls short is in the comparative analysis of AI 
tools. While studies have highlighted the capabilities of specific tools, such as AI-driven generative 
design platforms and AI-enhanced building information modeling (BIM) systems, there is a notable 
scarcity of comprehensive analyses that evaluate these tools in terms of their functionalities, market 
coverage, and overall effectiveness in different architectural workloads [2]. This lack of in-depth, 
comparative studies hinders architects and industry professionals from making well-informed 
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decisions about which AI tools are best suited for their needs. The absence of such analyses also 
means that there is limited guidance available on how to integrate these tools into existing workflows 
to maximize efficiency and creativity. 

Furthermore, existing studies often overlook the broader professional, economic, and regulatory 
factors that drive the adoption of AI in architecture. While the technological capabilities of AI tools 
are well-documented, there is less understanding of how market dynamics, regional disparities in 
technological infrastructure, and varying regulatory environments influence the adoption and 
effectiveness of these tools [3]. For instance, regions with advanced technological infrastructure, such 
as the United States, EU and China, have seen more rapid adoption of AI in architecture compared 
to other parts of the world, where economic constraints and less supportive regulatory frameworks 
may pose significant barriers [4]. Understanding these factors is crucial for developing a global 
perspective on AI's role in the future of architecture. 

This study seeks to address these research gaps by providing a comprehensive analysis of AI 
software tools in architecture, with a particular focus on their functionalities and potential impacts 
on the future development of the industry. By systematically reviewing key features of widely used 
AI tools such as Midjourney, DALL-E 2, and Stable Diffusion—especially in early-stage design 
processes like ideation, sketching, and modeling [5]. Alongside other tools that have seen less 
commercial success but have the potential to become the next master tools spanning various phases 
of the design process, this research aims to capture the current trend of increasingly integrated AI 
applications. Factors that affect the adoption of AI also determine how effectively these tools can be 
integrated across the architectural workload. These applications cover a broad range of design stages, 
from initial architectural concepts to complex engineering solutions, and are capable of reaching the 
building permit stage [1].  

The study gap lies in understanding the implications of these factors for the global landscape of 
AI in architecture. By understanding the professional drivers behind AI adoption, it aims to provide 
valuable insights into how these tools can be better tailored to meet the needs of architects. This 
understanding is crucial for informing the development of AI tools that are not only technologically 
advanced but also accessible and applicable in diverse architectural contexts. Ultimately, this 
research aims to forecast the future capabilities of AI applications by understanding current trends 
and their implications for the architectural industry, contributing to a more informed approach to AI 
tool selection and implementation [3].  

 1.2 Literature Review 

The integration of AI into architecture has become a focal point of extensive research, with 
studies exploring its impact across various dimensions, from design creativity and project 
management to sustainability and education. Each study provides unique insights but often 
overlooks crucial aspects that could enhance our understanding of AI's role in transforming 
architectural practices.  

Amira Fawzy et al. (2024) investigated the impact of AI on design education, particularly its role 
in enhancing efficiency, sustainability, and creativity. The objective was to assess how AI tools could 
be integrated into architectural education to improve learning outcomes. The study utilized a case 
study approach, focusing on a specific group of students and their interaction with AI tools. While 
the study provided valuable insights, it overlooked a more diverse sample that could have offered a 
broader perspective on AI's impact in different educational settings. The research concluded that AI 
significantly improves learning outcomes and promotes sustainable design practices, but also 
highlighted the need for ongoing evaluation and adaptation to maximize its benefits. The study's 
findings underscore the importance of integrating AI into educational curricula more systematically, 
ensuring that future architects are well-equipped to leverage these technologies effectively [3]. 

Shitao Jin et al. (2024) conducted a study focused on the integration of AI in architectural 
education, specifically within a design course. The research aimed to evaluate the impact of AI on 
learning outcomes by analyzing qualitative data from student feedback and performance 
assessments. The study's methodology was robust, employing a case study approach that allowed 
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for an in-depth examination of AI's role in enhancing creativity and efficiency in design tasks. 
However, the study's sample was somewhat narrow, focusing on a single course, which limits the 
generalizability of the findings. The study concluded that AI tools significantly enhance creativity 
and efficiency in design tasks, though challenges such as unpredictability in AI-generated designs 
were noted. The study suggests that future research should explore the integration of AI across a 
wider range of educational settings and courses to fully understand its potential and limitations [6].  

Md Haseen Akhtar and J. Ramkumar (2023) conducted an extensive overview of AI applications 
in architecture, focusing on their impact on design processes and project management. The study 
aimed to highlight the potential of AI to improve design efficiency and foster innovation within 
architectural practices. However, the sample used in the study was somewhat limited, primarily 
focusing on specific AI tools without a broader comparative analysis. The methodology involved a 
qualitative review of existing literature, which, while thorough, did not encompass a wide enough 
range of tools or applications. The study concluded that AI offers significant benefits for architecture 
but emphasized that careful planning and management are essential for successful integration. The 
findings suggest that future research should explore a broader range of AI tools and their 
comparative effectiveness in different architectural contexts to better inform industry practices [2].  

Amit Kumar (2024) examined AI's role in the design and construction industry, emphasizing its 
ability to improve efficiency and innovation. The objective was to assess how AI tools can be 
integrated into project management and execution to enhance accuracy and efficiency. The study's 
methodology involved a comprehensive literature review, but it primarily focused on established 
markets, overlooking the challenges faced by emerging markets. The study concluded that AI 
enhances project management and execution, leading to increased accuracy and efficiency. However, 
it also highlighted the need for careful planning and management to ensure positive outcomes. The 
findings suggest that future research should focus on understanding the barriers to AI adoption in 
emerging markets and explore strategies to overcome these challenges [7],[8].  

Nitin Rane et al. (2023) provided a comprehensive review of advanced technologies, including 
AI, used in architectural design. The study aimed to highlight how these technologies, particularly 
AI, enhance design processes and outcomes. The methodology involved a systematic review of 
existing literature, which provided a broad overview but lacked a focus on specific AI tools or their 
comparative effectiveness. The study concluded that these technologies significantly enhance design 
processes and outcomes, but their integration requires careful planning and collaboration. The 
study's findings indicate that future research should focus on developing best practices for 
integrating AI into architectural workflows, ensuring that these tools can be used effectively across 
different stages of the design process [9].  

Abdulatif Alabdulatif (2024) explored the global impact of AI on sustainability, particularly its 
role in addressing environmental challenges and improving resource efficiency. The objective was to 
assess how AI tools can be used to promote sustainable architectural practices. The study utilized a 
literature review methodology, synthesizing insights from existing studies. However, it overlooked 
the regional differences in AI adoption and the specific challenges faced by different markets. The 
study concluded that AI has substantial potential in optimizing resource use and reducing 
environmental footprints, but emphasized the need to consider ethical and social implications to 
ensure successful implementation. The findings suggest that future research should explore how AI 
can be tailored to meet the sustainability goals of different regions, considering their unique 
challenges and opportunities [4].  

Mateusz Płoszaj-Mazurek and Elżbieta Ryńska (2024) examined the use of AI and digital tools 
in low-carbon architectural design. The study aimed to assess how AI can support life cycle 
assessments and promote sustainable design practices. The methodology involved a technical review 
of AI tools used in low-carbon design, but the study's sample was limited to a few specific tools, 
overlooking the broader range of AI applications. The study concluded that AI is instrumental in 
promoting sustainable design practices, particularly in enhancing life cycle assessments and 
supporting low-carbon initiatives. However, the study also highlighted the need for careful planning 
and collaboration among stakeholders. The findings suggest that future research should explore how 
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AI tools can be integrated into broader sustainability frameworks, ensuring that they contribute 
effectively to global sustainability goals [10].  

While recent studies demonstrate the transformative potential of AI in architecture—enhancing 
design efficiency, creativity, and sustainability—they also reveal significant gaps. The research 
highlights the need for broader analyses across diverse contexts and emerging markets. Studies by 
Akhtar and Kumar emphasize AI's benefits in design and project management but call for more 
comprehensive evaluations [8]. Fawzy, Jin, and others point to the advancements in educational 
settings and sustainability but stress the importance of integrating AI into varied educational 
frameworks and regional sustainability goals [2],[3]. To fully leverage AI’s capabilities, future 
research must address these gaps and explore its impact more broadly and deeply. 

2. Materials and Methods 

This study explores the integration of AI software tools to streamline architectural workflows 
and improve project outcomes, particularly in early-stage design and sustainability efforts, with a 
focus on their functionalities across various stages of the design process. The research emphasizes 
the capabilities of these tools in supporting the United Nations' (UN) Sustainable Development Goals 
(SDGs), which guided the selection of assessment criteria outlined in Table 1. A mixed-methods 
approach was employed, combining qualitative assessments of tool features with quantitative 
measures to evaluate their capacity to generate fully integrated architectural and engineering 
blueprints that are ready for building permits. 

A comprehensive review of both software industry practices and scientific literature was 
conducted to identify and thoroughly document the most widely recognized and utilized AI tools 
within the field of architecture. This review was designed to encompass a broad spectrum of AI 
applications, focusing on 32 distinct tools ranging from those integrated with third-party applications 
(Annex), such as SketchUp and Rhinoceros, to more comprehensive platforms capable of managing 
the entire building process. Additionally, this review incorporated insights from recent studies, 
emphasizing the necessity for broader analyses across diverse contexts and emerging markets to 
better understand the global implications and adoption of AI in architecture [2],[4],[3].  

A qualitative analysis was conducted on selected AI tools to evaluate their functions in 
creativity, efficiency, and design processes. The case studies examined how these tools are integrated 
into architectural workflows and their impact across different stages of the design process. The 
analysis also measured the coverage of various stages of the design process by these tools. 
Additionally, the study examined the influence of professional and economic factors on AI adoption, 
considering regional disparities and the broader context of global AI adoption in architecture 
[6],[8],[10].  

Quantitative analysis examined the specifications and characteristics of the AI tools, covering 42 
variables, as outlined in Table 1, ranging from tool names to their countries of origin. The analysis 
categorized the tools into major groups, including Market, Automated Site Analysis, Building 
Performance Analysis, Architecture and Design Development, and Additional Features. Subtotals 
were calculated for each group to understand the architecture workflow covered. 

The six criteria in market groups include architecture & design, urban planning, construction, 
visualization, sustainability, and art & marketing. The authors evaluate software on its ability to 
support architectural and urban planning design and generate construction drawings after design 
completion. Visualization addresses 3D modeling, rendering, and virtual reality, aiding stakeholders 
in project assessment. Sustainability focuses on eco-friendly and resource-efficient designs, 
examining whether the software integrates sustainable practices. Art & marketing blends artistic 
expression and marketing strategies to enhance branding and communication in the architecture, real 
estate, and construction industries. 

The authors identified 11 key criteria for software evaluation in automated site analysis. These 
include: (1) Area metrics, which measure site dimensions and surface areas, including land usage and 
building footprints; (2) Parking metrics, which plan and optimize parking spaces, considering layout 
and regulations; (3) Sun analysis, which simulates sunlight exposure and optimizes natural light; (4) 
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Daylight potential analysis, which assesses daylight penetration to improve energy efficiency; (5) 
Wind analysis, which simulates wind patterns and evaluates their impact on buildings and outdoor 
spaces; (6) Microclimate analysis, which assesses localized environmental factors like temperature 
and humidity; (7) Disaster testing, which simulates natural disasters and evaluates site resilience; (8) 
Noise analysis, which measures noise levels to address sound pollution; (9) Solar energy analysis, 
which assesses solar energy potential and integrates renewable energy solutions; (10) Terrain 
modeling, which represents the site's topography; and (11) Space planning, which organizes site or 
building layouts, focusing on circulation and spatial relationships. 

In the building performance analysis group, there are six key variables: (1) Views analysis, which 
assesses the software's ability to provide a comprehensive view of the entire project; (2) Cost-effective 
solutions, which evaluates strategies that balance building performance and affordability; (3) Water 
consumption, which measures the building's use of water resources; (4) Operational energy, 
assessing the building’s energy performance during operation; (5) CO2 emissions, analyzing carbon 
emissions from construction, materials, and operation, aiming to reduce the building’s carbon 
footprint; and (6) Sustainable certification, which evaluates the building’s compliance with 
sustainability standards like LEED, BREEAM, or WELL, ensuring the project meets energy efficiency 
and environmental criteria. 

In the architecture and design development group, there are 10 key variables: (1) Generative 
design, where the software automatically creates multiple design options based on set parameters; 
(2) Photorealism, the ability to produce highly realistic 3D renderings; (3) Motion images, which 
refers to the creation of animated sequences or videos simulating movement within the design; (4) 
Vector-based rendering, ensuring high-quality, scalable images that maintain clarity at any size; (5) 
Parametric design, allowing flexible models that can be adjusted by altering parameters; (6) Design 
optimization, analyzing and improving designs based on performance criteria; (7) Detailed design 
input, enabling the input of specific design requirements and constraints; (8) BIM generation, where 
the software can generate Building Information Models; (9) Clash detection, a tool to identify and 
resolve conflicts between design elements; and (10) Feasibility studies, assessing the viability of 
design solutions. 

In the surplus group, there are four criteria: Augmented reality, which enables the overlay of 
digital content onto the real world through devices like smartphones or AR headsets; Real-time 
collaboration, allowing multiple users to work on the same project simultaneously from different 
locations; Web-based Software, which can be accessed through a browser without installation; and 
mobile app availability, providing access to projects via smartphones or tablets for increased mobility 
and convenience. 

Data were gathered from official websites, product documentation, and existing research to 
create a dataset of AI tools relevant to the architecture industry. The dataset was continuously 
updated to incorporate the latest advancements in AI tools and their applications in architecture, up 
to the end of August 2024. The dataset was updated and cross-referenced with multiple online 
sources to ensure accuracy and relevance. To ensure the validity and reliability of the findings, each 
author independently verified the data, creating separate tables to facilitate data triangulation. Any 
discrepancies were compared, discussed, and resolved to produce a final version in accordance with 
the study's objectives. 

The study recognizes the diversity of tasks covered by specific tools, noting that while the 
selected tools are representative of the industry, they do not encompass all aspects of architectural 
workflows from the early stages of design to the building permit process. Separate analyses were 
conducted to account for tools that are focused on specific building tasks rather than the entire 
architectural workflow. 

3. Results 

The study analyzes the data to identify the top five software tools in each category: Market, 
Automated Site Analysis, Building Performance Analysis, Architecture and Design Development, 
and Additional Features. The analysis focuses on the tools with the highest totals or most extensive 
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feature sets in each category, reflecting their significance within the architectural workflow. The 
paragraphs below will report the Table 1 results per category, and at the end, per total. 

At the Market category, only Swapp and BricsCAD have received the highest ratings with five 
scores, followed by Spacio.ai, Autodesk Forma, LookX, ARCHITEChTURES, Delve, TestFit, Finch3D, 
D5 Render, Veras.ai, and Fologram, each rated with four scores. Swapp provides integrated support 
across the project lifecycle, from schematic design and development to the production of construction 
documentation, enhancing efficiency throughout the design process [11]. BricsCAD, a versatile CAD 
platform, offers tools for 2D drafting, 3D modeling, and BIM, supporting comprehensive workflows 
in architecture and construction, thereby facilitating project management from concept to completion 
[12]. Spacio.ai accelerates architectural workflows by enabling rapid modeling that incorporates real-
time site data, facilitating immediate adjustments and improving project feasibility [13],[14]. 
Autodesk Forma employs AI to generate and evaluate design options, aiding urban designers in 
optimizing environmental conditions and increasing project efficiency [15]. LookX differentiates itself 
by focusing on competitive design submissions and providing a more extensive range of services. Its 
AI-driven platform supports urban planning and architectural design through intelligent design 
assistance, digital process optimization, and prefabricated component design, addressing both early-
stage conceptualization and detailed planning [16]. ARCHITEChTURES automates large portions of 
project layouts, particularly for multifamily residential buildings, streamlining repetitive processes 
such as modeling, measurements, and calculations to enhance design efficiency and decision-making 
[17]. These tools collectively provide a comprehensive range of functionalities, each contributing 
automate the architecture workflow [18].  
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Table 1. AI software on the architecture field by offered features to address the design phasis. 
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Economic group Country
Swapp Sep-20 AI project management for construction ✔ ✔ ✔ ✔ ✔ 5 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 10 ✔ ✔ ✔ ✔ ✔ ✔ 6 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 8 ✔ ✔ 2 31 Swapp Israel
Spacio.ai Jan-19 Space planning and optimization ✔ ✔ ✔ ✔ 4 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 10 ✔ ✔ ✔ ✔ ✔ 5 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 8 ✔ ✔ 2 29 NU DESIGN SPACES NO
Autodesk Forma Nov-19 AI-powered site planning ✔ ✔ ✔ ✔ 4 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 9 ✔ ✔ ✔ ✔ ✔ 5 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 8 ✔ ✔ 2 28 Autodesk US
Cove.tool Jan-21 Architectural and sustainability consulting ✔ ✔ ✔ 3 ✔ ✔ ✔ ✔ ✔ ✔ ✔ 7 ✔ ✔ ✔ ✔ ✔ ✔ 6 ✔ ✔ ✔ 3 ✔ ✔ 2 21 Cove.tool US
LookX Oct-16 AI-assisted architectural design ✔ ✔ ✔ ✔ 4 ✔ ✔ ✔ ✔ 4 ✔ ✔ 2 ✔ ✔ ✔ ✔ ✔ ✔ ✔ 7 ✔ ✔ ✔ 3 20 深圳小库科技有限公司 China
ARCHITEChTURES Apr-20 AI-powered building design ✔ ✔ ✔ ✔ 4 ✔ ✔ ✔ ✔ ✔ 5 ✔ 1 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 8 ✔ ✔ 2 20 SmartScapes Studio S.L. SP
Delve by Sidewalk Labs Aug-20 AI-driven urban design ✔ ✔ ✔ ✔ 4 ✔ ✔ ✔ 3 ✔ ✔ ✔ ✔ 4 ✔ ✔ ✔ ✔ ✔ 5 ✔ ✔ 2 18 Sidewalk Labs (Alphabet/Google) US
TestFit Oct-17 AI-powered real estate feasibility ✔ ✔ ✔ ✔ 4 ✔ ✔ 2 ✔ 1 ✔ ✔ ✔ ✔ ✔ ✔ 6 ✔ ✔ 2 15 TestFit Inc. US
ARK 2023 AI-architectural design and automation ✔ ✔ ✔ 3 ✔ ✔ 2 ✔ 1 ✔ ✔ ✔ ✔ ✔ ✔ 6 ✔ ✔ 2 14 Ark Automatic Architectural Design Ltd. US
BricsCAD Nov-22 AI-Speeds up routines ✔ ✔ ✔ ✔ ✔ 5 ✔ ✔ 2 0 ✔ ✔ ✔ ✔ 4 ✔ 1 12 Hexagon company BE
Hypar Jan-20 Generative design platform ✔ ✔ ✔ 3 ✔ ✔ 2 0 ✔ ✔ ✔ ✔ 4 ✔ ✔ 2 11 Hypar (former Autodesk Revit Members) US
Archistar Jan-18 Real estate feasibility platform ✔ ✔ ✔ 3 ✔ ✔ 2 ✔ 1 ✔ ✔ ✔ 3 ✔ ✔ 2 11 Independent AUS
Finch3D Jun-21 Generative design software ✔ ✔ ✔ ✔ 4 ✔ ✔ 2 0 ✔ ✔ ✔ 3 ✔ ✔ 2 11 Finch3D US
D5 Render Aug-20 Real-time rendering software ✔ ✔ ✔ ✔ 4 0 0 ✔ ✔ ✔ ✔ 4 ✔ ✔ ✔ 3 11 D5 Techs China
Maket May-22 AI-driven architectural design ✔ ✔ ✔ 3 0 ✔ 1 ✔ ✔ ✔ ✔ 4 ✔ ✔ 2 10 Maket.ai US
Veras.ai Nov-17 AI-powered design visualization ✔ ✔ ✔ ✔ 4 0 0 ✔ ✔ ✔ 3 ✔ ✔ 2 9 EvolveLAB US
Fologram Jun-18 Mixed reality for construction ✔ ✔ ✔ ✔ 4 ✔ 1 0 0 ✔ ✔ ✔ ✔ 4 9 Fologram Pty Ltd AUS
BuildingSP Oct-14 Construction project management ✔ 1 ✔ 1 ✔ 1 ✔ ✔ ✔ 3 ✔ ✔ 2 8 Building System Planning, Inc. US
SiteScape May-21 AI-based building scanning ✔ 1 0 0 ✔ ✔ ✔ ✔ ✔ ✔ 6 ✔ 1 8 Gan-Scan US
Dall-e Nov-20 Text-to-image generation ✔ ✔ 2 0 0 ✔ ✔ 2 ✔ ✔ 2 6 OpenAI US
Leonardo.ai Jan-23 Text-to-image generation ✔ 1 0 0 ✔ ✔ ✔ 3 ✔ ✔ 2 6 Leonardo.ai US
Kaedim 2024 AI-generating 3D models from 2D images ✔ ✔ 2 0 0 ✔ ✔ 2 ✔ ✔ 2 6 Kaedim GR
Sloyd.AI Apr-21 AI-text-to-3D model generation ✔ 1 0 0 ✔ ✔ ✔ 3 ✔ ✔ 2 6 Sloyd.AI NO
ArkoAI Fev-23 AI-Render from prompt ✔ ✔ 2 0 0 ✔ ✔ ✔ 3 ✔ 1 6 ArkoAI LLC US
Rendair.ai Jul-23 AI-powered architectural visualization ✔ ✔ ✔ 3 0 ✔ 1 ✔ 1 ✔ 1 6 Rendair Corporation US
Luma AI Dec-22 AI-3D scanning, modeling, and visualization ✔ 1 0 0 ✔ ✔ 2 ✔ ✔ 2 5 Luma Labs US
Midjourney Mar-23 AI art generation ✔ ✔ 2 0 0 ✔ 1 ✔ ✔ 2 5 Midjourney US
Oris Feb-19 AI-based urban planning ✔ 1 ✔ ✔ 2 0 ✔ 1 0 4 Independent DE
ClickUp Jun-17 AI-Project management ✔ ✔ 2 0 0 0 ✔ ✔ 2 4 Mango Technologies, Inc. US
Stable Difusion Aug-22 Text-to-image generation ✔ 1 0 0 ✔ 1 ✔ 1 3 Runway, CompVis, and Stability AI UK

Adobe Firefly Mar-23 AI-driven for creative design ✔ ✔ 2 0 0 ✔ 1 0 3 Adobe Inc. US
Vitras.ai Feb-23 AI-based design assistant ✔ 1 0 0 0 ✔ 1 2 Cove.tool US

SurplusAutomated Site Analysis Building Performance 
Analysis

Market Architecture and Design development
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In Automated Site Analysis category, Swapp and Spacio.ai lead the field, each offering ten 
features, followed by Autodesk Forma with nine features and Cove.tool with seven Swapp supports 
a comprehensive range of site analysis functions, including area and parking metrics, as well as 
analyses of sun, wind, daylight, microclimate, noise, and solar energy, with terrain modeling being 
the only exception. Spacio.ai provides automatic site modeling, including surrounding buildings, 
streets, maps, and terrain data [13]. Autodesk Forma provides data-driven insights and real-time 
environmental analytics for early-stage planning and design, offering intuitive project setup and 
design automation [15]. Its AI-powered analytics provide insights on key factors such as sun hours, 
daylight potential, noise, wind, and microclimate. Cove.tool focuses on AI-assisted consulting 
services for sustainability and design optimization, leveraging BIM data for cost control and 
sustainable design [19]. The focus on automated site analysis in these tools reflects the industry's 
recognition of the importance of early-stage decision-making in architectural projects, enabling 
architects and designers to make informed decisions that can significantly impact project outcomes, 
sustainability, and alignment with SDGs from the very beginning of the design process. 

The Building Performance Analysis category plays a critical role in ensuring high-quality 
architectural outcomes, with Swapp and Cove.tool leading the field, each receiving six scores, 
followed closely by Autodesk Forma and Spacio.ai with five scores each. Swapp utilizes AI to 
automate construction documentation and BIM modeling, incorporating features such as views 
analysis and delivering cost-effective solutions by significantly reducing project timelines and 
expenses [20]. Cove.tool focuses on AI-assisted consulting for sustainability and design optimization, 
providing features such as water consumption analysis, rapid operational energy assessments, CO2 
emissions tracking, and sustainable certification processes [21]. While Autodesk Forma and Spacio.ai 
are recognized for their capabilities in site planning and optimization, within the Building 
Performance Analysis category, they contribute through views analysis, supporting informed 
decision-making to enhance project feasibility and sustainability [22],[23]. The integration of these 
AI-powered tools into the architectural workflow enables the creation of buildings that are efficient, 
sustainable, and aligned with industry demands for climate-conscious development. 

In Architecture and Design Development group, Swapp, Spacio.ai, Autodesk Forma and 
ARCHITEChTURES lead with eight scores each, while LookX with seven scores, TestFit, ARK and 
SiteScape are follow closely with six features [14]. Swapp enhances generative design and 
optimization by automating floor plans and layouts, quickly generating multiple design iterations to 
improve architectural efficiency [24]. It also focuses on automating construction documentation and 
BIM modeling, incorporating features like clash detection and feasibility studies, significantly 
reducing project duration and costs. Spacio.ai excels in providing capabilities such as vectorial-based 
renderings, and design optimization, combining generative AI speed with free-form editing 
flexibility [23]. Autodesk Forma offers comprehensive tools for early-stage architectural design, 
including generative design, parametric design, and detailed design criteria input, which simplify 
BIM project initiation and enable rapid exploration of design concepts [25]. ARCHITEChTURES 
allows users to easily input design criteria and generate AI-optimized 2D and 3D models in real-time, 
with BIM solutions and project data available for download in multiple formats [26]. LookX 
integrates AI into the design process with tools like “MasterPlanner” and “BuildingCreator”, 
supporting generative design and optimized planning schemes [14]. These advanced tools are crucial 
in the architectural process as they enhance efficiency, enable data-driven decision-making, integrate 
sustainability considerations, improve collaboration, reduce costs, augment creativity, and ensure 
compliance with building codes and standards [27,28]. The integration of AI and advanced 
computational tools in Architecture and Design Development represents a significant shift in the 
industry, enabling architects to create more sophisticated, efficient, and sustainable designs while 
streamlining the design process [29].  

In the Surplus group, two software solutions stand out: Fologram with four features and LookX 
with three features. Fologram, although offering fewer features, excels with its unique mixed reality 
(MR) capabilities, including MR visualization, real-time design changes in MR, and collaborative MR 
sessions tailored for precise construction of free-form objects. These tools enable architects to overlay 
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digital models onto the physical world, make instant design modifications, and facilitate group 
discussions in a shared virtual space, also make assisted construction. LookX provides real-time 
collaboration, web-based software, and mobile app availability, offering tools such as “ColorMaster” 
for colorizing site plans, real-time 3D visualization, cloud-based collaboration, and multi-format 
export capabilities. These features enhance client understanding and support seamless 
communication among team members. The integration of these advanced communication tools 
marks a significant shift in how architects interact with clients and stakeholders, improving 
understanding, enabling efficient feedback loops, enhancing engagement, reducing 
miscommunication, and potentially saving costs while providing a marketing advantage. As the 
industry evolves, the ability to effectively communicate design intent and gather feedback through 
these innovative tools is becoming increasingly crucial for successful project delivery. 

The overall results highlight three software solutions that stand out in covering the widest range 
of architectural workflows: Swapp leads with 31 features, closely followed by Spacio.ai with 29 
features, and Autodesk Forma with 28 features. These tools represent a significant advancement in 
AI-driven architecture, offering comprehensive capabilities that enhance project efficiency, 
sustainability, and collaboration. Swapp, with its strong focus on automating architecture, 
engineering, and building documentation through BIM modeling, provides cost-effective solutions 
that significantly reduce project duration, designer workloads, and overall associated expenses [2,10]. 
Spacio.ai distinguishes itself with features such as preset modeling capabilities, automatic site 
modeling, and a real-time performance dashboard, enabling architects to analyze, design, and 
develop structured building proposals more efficiently [11, 23]. Autodesk Forma closely follows 
Spacio.ai but does not surpass its feature set. The gap between these top performers and other tools 
in the market underscores a new standard for integrated architectural software, setting a benchmark 
for functionality and innovation in the industry [14],[31],[23]. These leading platforms exemplify the 
growing role of AI in architecture, driving the industry toward more efficient, sustainable, and 
innovative practices that cover the entire architectural workflow. 

However, not all listed software solutions aim to cover the entire architectural workflow, as 
outlined in this study; many excel in specialized tasks. Notable tools in this category include 
Midjourney V6, DALL-E, and Stable Diffusion for conceptual design visualization; Luma AI for 3D 
capture and reconstruction; SiteScape generates floor plans with infrastructure from real buildings 
using mobile devices; D5 Render for real-time architectural visualization; Fologram for mixed reality 
applications in construction; TestFit for rapid building feasibility studies; ARCHITEChTURES for 
parametric design; Cove.tool for building performance analysis; and LookX for AI-driven urban 
planning and architectural design with BIM capabilities [29]. Midjourney V6, in particular, has set a 
new standard in conceptual design visualization by enhancing image quality and improving user 
interaction with a more intuitive prompt language, influencing the direction of other tools in this area 
[32].  

Swapp, while promising comprehensive coverage from early stages to building permit, 
currently has limited usability, being restricted to company-selected users, and its real-world 
capabilities lack extensive testing and validation [20]. These specialized tools demonstrate the diverse 
ways in which AI and advanced computational methods are transforming specific aspects of 
architectural practice, each addressing unique challenges within the design and construction 
process[13],[33].  

4. Discussion 

The integration of AI into architecture is reshaping the field by improving efficiency, 
sustainability, and collaboration. The study reveals that tools such as Swapp, Spacio.ai and Autodesk 
Forma dominate the market due to their extensive feature sets, each addressing critical phases of the 
architectural process. Swapp, which focuses on automating construction documentation and BIM 
modeling, offers cost-effective solutions but faces criticism due to its limited real-world application 
and access. Akhtar & Ramkumar (2023) similarly noted that while AI has significant potential in 
architectural workflows, the lack of large-scale testing and validation often limits adoption, 
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particularly in regions where technological infrastructure is lacking [34]. Spacio.ai, with its rapid 
modeling and real-time performance dashboards, leads in facilitating faster decision-making, 
enabling architects to efficiently navigate early-stage project development. This aligns with previous 
research by Płoszaj-Mazurek & Ryńska (2024), who emphasize that AI's ability to rapidly process 
large datasets and provide actionable insights is crucial in promoting sustainable design practices 
[10].  

Furthermore, while Autodesk Forma offers environmental optimization and is closely matched 
with Spacio.ai in terms of features, it does not surpass it. This gap highlights a recurring theme in AI 
research, as observed by Jin et al. (2024), where AI’s effectiveness is influenced by external factors 
such as market readiness, regulatory environments, and technological infrastructure [6].  

The gap between these top-performing tools and more specialized solutions demonstrates that 
the current AI landscape is fragmented, with each tool addressing a specific segment of the 
architectural process. This mirrors the findings of Kumar (2024), who stressed that AI tools, while 
transformative, are often limited in their ability to cover the entire architectural workflow 
comprehensively, necessitating a combination of specialized tools for maximum efficiency [7]. For 
example, Midjourney and DALL-E, which excel in conceptual design visualization, and Cove.tool, 
which focuses on sustainability consulting, are examples of AI tools that target specific aspects of the 
architectural process without offering comprehensive coverage. 

The regional distribution of AI software in architecture is predominantly concentrated in the US, 
EU, Australia, and increasingly, China. These regions benefit from advanced technological 
infrastructures that provide the computational resources and skilled talent necessary for AI 
innovation in fields like architecture and urban planning. The US, EU, and Australia have strong 
economies that enable significant investment in AI research and development, while China, with its 
government-driven initiatives and substantial tech ecosystem, has rapidly become a major player in 
AI technology. Economic and regulatory frameworks in these areas are generally more favorable, 
offering clear guidelines on data privacy, ethics, and the integration of AI technologies. This contrasts 
with emerging markets, where financial and regulatory barriers limit the development and adoption 
of AI tools. As early adopters, the US, EU, Australia, and China not only lead in AI development but 
also set global standards, shaping the broader market’s adoption of innovative architectural 
solutions. 

This study provides a comprehensive analysis of AI tools in architecture, but several limitations 
should be acknowledged. Firstly, the research primarily relies on available literature, official product 
documentation, and data from selected AI tools, which may not fully capture the breadth and 
nuances of AI applications in the architectural industry. Additionally, the varying levels of 
transparency and detail in the available data for each tool, particularly regarding real-world 
performance and adoption, create challenges for direct comparison. This is especially evident in tools 
like Swapp, which, despite its potential, has limited real-world validation and user access. 
Consequently, there may be discrepancies in the depth of analysis between tools with extensive 
market presence and those with restricted or emerging usage, potentially affecting the overall 
comprehensiveness of the findings. Further research, including more widespread testing and 
industry feedback, will be necessary to refine these insights and ensure a more robust understanding 
of AI’s impact on architecture. 

Lastly, none of the authors have any financial interests or professional affiliations with the 
companies whose AI tools were studied. This ensures that the research findings are unbiased and 
based solely on the data collected and analyzed. Further research is encouraged to explore the long-
term impacts and evolving functionalities of AI tools in architecture, considering the rapidly 
changing technological landscape and market dynamics. 

5. Conclusions 

This study underscores the transformative potential of AI in architecture, with tools like Swapp, 
Spacio.ai, and Autodesk Forma setting new standards in feature coverage and efficiency. These tools 
exemplify AI’s role in enhancing project management, sustainability, and design capabilities across 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2024 doi:10.20944/preprints202410.1513.v1

https://doi.org/10.20944/preprints202410.1513.v1


 11 

 

various phases. However, consistent with the literature, there remain significant challenges in the 
widespread adoption of AI tools. As Alabdulatif (2024) and Akhtar & Ramkumar (2023) emphasize, 
economic constraints, regulatory barriers, and the lack of comprehensive, real-world testing are 
limiting factors for AI adoption in emerging markets[4],[34].  

Moreover, while tools like Swapp offer significant automation potential, their limited usability 
in real-world applications, as noted by Almaz et al. (2024), restricts their impact. Addressing these 
barriers, particularly through more inclusive and scalable testing, will be crucial for driving broader 
AI adoption [35]. The need for tailored AI solutions, especially those that can adapt to different 
regional and technological contexts, is critical for ensuring that the benefits of AI are accessible across 
the global architectural industry. 

In line with Li et al. (2024) and Płoszaj-Mazurek & Ryńska (2024), this study highlights the 
importance of AI in promoting sustainability, aligning with global initiatives such as the UN’s SDGs 
[36],[10]. AI tools like Cove.tool and Autodesk Forma are instrumental in achieving these goals by 
providing data-driven insights that reduce environmental impacts. However, as the literature 
suggests, the global effectiveness of these tools is contingent on their adaptability to diverse regional 
conditions and regulatory environments. 

To fully leverage AI’s capabilities, future research should explore strategies for integrating these 
tools into various architectural workflows, considering the professional, economic, and regulatory 
factors that influence adoption. By doing so, the architectural industry can better prepare for a future 
where AI is not just a tool for efficiency, but a catalyst for sustainable and innovative design practices, 
as Almaz et al. (2024) propose [35].  
Author Contributions: Conceptualization, N.D.C and C.C.D; methodology, N.D.C and C.C.D; software, N.D.C 
and C.C.D; validation, N.D.C, C.C.D and X.Z.; formal analysis, N.D.C, C.C.D and X.Z.; investigation, N.D.C, 
C.C.D and X.Z.; resources, N.D.C and C.C.D; data curation, N.D.C, C.C.D and X.Z.; writing—original draft 
preparation, N.D.C and C.C.D; writing—review and editing, N.D.C, C.C.D and X.Z.; visualization, N.D.C, C.C.D 
and X.Z.; supervision, N.D.C and C.C.D; project administration, N.D.C; funding acquisition, N.D.C. All authors 
have read and agreed to the published version of the manuscript. 

Funding: This research was funded by FCT - Fundação para a Ciência e a Tecnologia, I.P., under Strategic Project 
with the references UIDB/04008/2020 and UIDP/04008/2020, and CIAUD, Research Centre for Architecture, 
Urbanism, and Design. 

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design of the 
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to 
publish the results. 

Appendix A 

1. Adobe Firefly - https://www.adobe.com/sensei/generative-ai/adobe-firefly.html 
2. ARCHITEChTURES - https://www.architechtures.com 
3. Archistar - https://www.archistar.ai 
4. ARK - https://arkdesign.ai 
5. ArkoAI - https://arko.ai 
6. BricsCAD - https://www.bricsys.com 
7. ClickUp - https://clickup.com 
8. Cove.tool - https://www.covetool.com 
9. D5 Render - https://www.d5render.com 
10. DALL-E - https://openai.com/dall-e 
11. Delve by Sidewalk Labs - https://www.sidewalklabs.com/delve 
12. Finch3D - https://www.finch3d.com 
13. Fologram - https://fologram.com 
14. Hypar - https://hypar.io 
15. Kaedim - https://www.kaedim3d.com 
16. Leonardo.ai - https://leonardo.ai 
17. Luma AI - https://lumalabs.ai 
18. Maket - https://maket.ai 
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19. Midjourney - https://www.midjourney.com 
20. Oris - https://www.oris-connect.com/ 
21. Rendair.ai - https://www.rendair.ai 
22. SiteScape - https://www.sitescape.ai 
23. Sloyd.AI - https://www.sloyd.ai 
24. Spacio.ai - https://www.spacio.ai 
25. Autodesk Forma - https://www.autodesk.com/products/forma/overview 
26. Stable Diffusion - https://stability.ai 
27. Swapp - https://www.swapp.net 
28. TestFit - https://www.testfit.io 
29. Veras.ai - https://www.evolvelab.io/veras 
30. Vitras.ai - https://cove.tools/products/vitras-ai 
31. LookX - https://www.LookX.ai 
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