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This paper presents 360SpatialAI, an integrated web-based system for indoor spatial 

design support, combining 360-degree panoramic image processing with artificial 

intelligence. The system is composed of three modular AI agents—View Extraction, 

Spatial Description, and Design Generation—that operate sequentially to form a 

continuous design workflow. Users can upload a panoramic image and automatically 

generate multiple perspective views and look-around videos through spherical projection 

algorithms with adjustable parameters. These views are analyzed by multimodal LLMs to 

produce structured spatial descriptions, including style, materials, and occupancy. 

Generative AI workflows (ComfyUI) enable the transformation of selected views into 

stylistic design alternatives, which are paired with descriptive texts and stored in a real-

time image–text dataset. A case study involving four indoor spaces at Y University 

verified the system's ability to process both real and rendered inputs, generating 1,600 

image–text pairs. The results demonstrate 360SpatialAI’s potential as a scalable, agent-

based platform for data-driven, human–AI collaborative design. 

Keywords: 360-degree Panoramic Image, Architectural Informatics, Artificial 

Intelligence, Spatial Information Management, Web-based Application. 

 

 

 

INTRODUCTION 
360-degree panoramic images are highly 

effective in capturing the full spatial context of 

indoor environments in a single shot. They are 

widely used in architecture and interior design for 

site documentation, design review, and spatial 

analysis (Shinde et al., 2023). Recent advances in 

artificial intelligence—particularly in multimodal 

large language models (LLMs) and generative 

image models—have enabled automatic 

interpretation of visual features and the 

generation of design alternatives (Riether and 

Narahara, 2023). However, such tools are typically 

isolated applications, lacking integrated 

workflows aligned with the practical needs of 

design processes. 

To address this gap, we propose 360SpatialAI, 

a web-based design assistant system that 

combines panoramic image with AI-driven spatial 

analysis and generation. The system consists of 

three core modules-viewpoint extraction, 

automated spatial description, and generative 

design transformation-structured as modular 

agents in a continuous pipeline. Users can upload 

a single 360-degree image and automatically 

generate multi-angle perspectives, analyze 

architectural attributes, and visualize alternative 

styles. Each output is paired with descriptive text 
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and stored in a real-time image–text dataset for 

future retrieval, recommendation, and AI training. 

This study investigates how modular AI 

workflows centered on panoramic images can 

enhance early-stage spatial design.  

Specifically, we ask: 

(1) In what ways does a multi-agent system 

improve spatial comprehension and decision-

making compared to conventional tools? 

(2) What are the practical strengths and 

limitations of the proposed system in real-world 

applications?  

The remainder of this paper is structured as 

follows: Background reviews related work and 

technological foundations; System Architecture 

describes each module; System Demonstration 

presents a case study; and Discussion and 

Conclusion evaluates the system’s significance 

and future directions. 

 

BACKGROUND  
The 360SpatialAI system is built upon three core 

technological foundations: (1) the utility of 360-

degree panoramic images as comprehensive 

design tools for capturing indoor spatial contexts; 

(2) the advancement of web-based AI interfaces 

that enable spatial analysis and generation 

through image–text interaction; and (3) the 

architecture of multi-agent systems that assist in 

design decision-making. This section reviews the 

technological trends and previous studies related 

to these foundations and explains how 

360SpatialAI integrates and extends them. 

Use of 360-Degree Panoramic Images 
360-degree panoramic images allow users to 

capture all directional views—walls, ceiling, and 

floor—of an interior space with a single shot 

(Fangi, 2011). Stored in an equirectangular format, 

these images can be transformed into multiple 

perspective views, offering a more intuitive 

understanding of spatial compositions than static 

photos or floor plans (Xu et al., 2023). Such 

advantages make them valuable for design 

reviews, user path simulations, and spatial layout 

analysis. They are particularly useful in renovation 

projects as efficient records of existing conditions 

(Lee et al., 2023). Recent studies have expanded 

their application by combining panoramic images 

with virtual reality (VR) technologies. For example, 

VR interfaces using 360-degree images have been 

applied to client communication and safety 

training in hazardous environments (Cha et al., 

2019; Cheng et al., 2020). As a result, panoramic 

images are now used throughout the building 

lifecycle—from conceptual design to construction 

quality control and facility management—

demonstrating their growing utility. This study 

leverages the versatility and convertibility of 

panoramic images as core inputs to an AI-based 

spatial analysis and generation system.  

Web-Based AI Design Interfaces 
Image generation models such as Flux, Imagen3, 

and Stable Diffusion enable style transformation 

and image recomposition based on textual 

prompts. In architecture, these models have been 

used to stylize initial sketches and suggest design 

atmospheres (Phillips et al., 2024). Interfaces like 

ComfyUI, which adopt a node-based architecture, 

allow users to customize workflows and integrate 

image generation pipelines into their design 

processes. Furthermore, web-based design 

platforms like Architechtures and Maket offer 

real-time visualizations of alternative designs 

based on prompt-based input. These tools 

exemplify human–AI collaborative design 

exploration. However, most current systems are 

oriented toward floor plan generation and lack 

integrated workflows that support perspective 

image-based analysis and generation. 

360SpatialAI addresses this gap by integrating 

view-based analysis and generation into a 

seamless, spatially structured design workflow. 

Nonetheless, the effectiveness of these models 

remains highly dependent on prompt 

engineering and may result in inconsistent or 
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overly generalized outputs - particularly in 

architecture, where domain-specific spatial logic 

is often required. 

Multi-Agent Systems for AI-Based 
Design 
Recent developments in LLMs and multimodal AI 

have led to design support systems evolving 

beyond single-agent helpers to collaborative 

structures involving multiple agents. For instance, 

LLM-based conversational assistants can interpret 

user requirements and offer feedback that meets 

specific constraints (Cheung et al., 2024), while 

reinforcement learning-based multi-agent 

systems have been proposed to optimize spatial 

layouts using independent agents for each 

functional block (Zhang et al., 2024). These 

approaches highlight a shift toward parallel task 

processing and information sharing among 

agents. 360SpatialAI reflects this shift by 

structurally separating its three main functions - 

view extraction, spatial description, and design 

generation - into independent agents. These 

agents are linked through sequential data flow to 

form a continuous design assistance workflow. 

This modular configuration facilitates 

experimental implementation of collaborative 

multi-agent design support. However, given the 

variability and ambiguity of spatial contexts, full 

automation may not always yield contextually 

appropriate results. As such, the system is 

designed to augment rather than replace human 

designers, emphasizing the importance of 

interpretive oversight and user feedback in the 

overall workflow. 

SYSTEM ARCHITECTURE 
360SpatialAI is an intelligent web-based spatial 

information processing system that integrates 

360-degree panoramic images with state-of-the-

art AI technologies to perform indoor spatial data 

extraction, semantic analysis, design style 

suggestion, and data accumulation within a 

unified platform (see figure 1). The system 

supports early-stage architectural visualization 

and spatial analysis while simultaneously building 

a structured image-text dataset that can be 

leveraged for design review, case-based 

recommendation, user-centered exploration, and 

AI training.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. 

Overall system 

architecture of 

360SpatialAI 
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The system is composed of three modular agents-

View Extraction Agent, Spatial Description Agent, 

and Design Generation Agent. Each module 

performs a distinct role while interacting 

sequentially as a multi-agent workflow. Rather 

than merely offering independent functionalities, 

this structure provides a technically integrated 

platform that connects spatial analysis, 

generation, and data management into a 

continuous design–information loop. All modules 

are implemented within a unified web interface 

built using the Streamlit framework. The modular 

architecture of the system, comprising 

independent agents for view extraction, spatial 

description, and design generation, was 

intentionally structured to reflect the sequential 

logic of early-stage interior design workflows. 

Each module corresponds to a distinct phase in 

the design process, allowing users to progress 

step by step from spatial data capture to semantic 

interpretation and creative transformation. The 

user interface was developed based on 

established principles of human–computer 

interaction (HCI), incorporating real-time visual 

feedback, slider-based parameter adjustment, 

and side-by-side comparisons. These features 

were designed to support intuitive navigation and 

effective exploration of spatial layouts and design 

intent.  

View Extraction Agent 
This module converts a 360-degree panoramic 

image into multiple perspective images from 

different viewing angles. Users can adjust 

parameters such as horizontal rotation angle 

(Theta), vertical rotation angle (Phi), field of view 

(FOV), resolution, and slice intervals. The 

generated views can be visualized individually or 

exported as a look-around mp4 video sequence. 

The user interface provides a slider-based control 

panel, enabling real-time preview updates in 

response to user inputs (see figure 2).  

 

 

 

 

 

 

 

The transformation process is executed using 

OpenCV’s remap function and matrix-based 

perspective projection algorithms. The resulting 

perspective images are subsequently passed to 

the analysis and generation modules. This module 

is particularly useful for design reviews, circulation 

simulations, and spatial layout analysis, as it 

enables a single panoramic image to generate 

multiple contextually consistent viewports. 

Spatial Description Agent 
The second module analyzes a selected view 

image to automatically extract architectural 

characteristics and output a structured textual 

description. The analysis occurs in two stages: a 

BLIP (Bootstrapped Language Image Pretraining) 

model first generates a brief caption, which is 

used as preprocessed context for a multimodal 

LLM. The LLM then produces a comprehensive 

spatial description. 

 

The structured output includes the following 

elements:  

• Design style and ambiance 

• Materials and finishes 

• Spatial layout and functional use 

• Lighting configuration 

• Estimated occupancy 

The interface presents the analysis results as 

segmented sections or tabs, delivering visually 

clear and organized information to the user (see 

figure 3). 

 

Figure 2. 

User interface of 

the View 

Extraction Agent 
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Design Generation Agent 
 The third module allows users to input a selected 

view image along with a text prompt to generate 

stylized variations using generative AI. It also 

automatically produces interpretive descriptions 

of the generated images. Internally, a node-based 

image generation workflow built on ComfyUI is 

connected via API calls, incorporating 

components such as text conditioning, Canny 

edge filters, style sampling, and latent tuning. The 

output images are then reanalyzed by a 

multimodal LLM, and both the image and its 

corresponding description are automatically 

paired and stored. These results are presented 

side by side within the user interface for visual 

comparison (see figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These image–text pairs are accumulated in real 

time within the system's database, creating a 

searchable, classifiable resource for case-based 

reasoning, design recommendation, tagging, and 

AI training. 

In summary, 360SpatialAI integrates the 

processes of visual exploration, semantic 

interpretation, design generation, and structured 

data accumulation into a continuous loop. This 

enables designers to receive creative support 

through an information-driven, AI-assisted 

design support platform. 

 

SYSTEM DEMONSTRATION 
The functionality of 360SpatialAI was validated 

through a case study conducted on interior 

spaces within a university building in South Korea. 

The test included four types of spaces: a lounge, 

library, lobby, and lecture room, for which 360-

degree panoramic images were collected. Two 

methods were employed to generate the input 

panoramas. First, the lounge and library were 

modeled using BIM authoring tools and rendered 

with the Twinmotion GPU renderer to produce 

360-degree equirectangular images. Second, the 

lecture room and lobby were captured using a 

Ricoh Theta camera in the actual built 

environment. This dual approach was intended to 

evaluate the system’s flexibility in processing both 

photorealistic and real-world panoramas, 

reflecting different use contexts from conceptual 

design to post-occupancy analysis. 

 Using the View Extraction Agent, each 

panorama was processed by setting the 

horizontal rotation interval (Theta) to 5 degrees 

and the field of view (FOV) to 90 degrees, 

resulting in 72 perspective images per space (see 

figure 5). These images were then compiled into 

look-around videos in mp4 format. The 

generation process per space took approximately 

20 to 30 seconds on a consumer-grade GPU 

environment, verifying the system’s efficiency in 

lightweight deployment scenarios. The web 

interface allows users to interactively adjust 

parameters through intuitive slider controls, with 

real-time visual feedback for each configuration. 

 

Figure 3. 

User interface of 

the Spatial 

Description Agent 

 

Figure 4. 

User interface of 

the Design 

Generation Agent 
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This dynamic interaction supported rapid 

iteration and spatial comprehension, especially 

during early-stage design review and 

walkthrough simulation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Subsequently, a representative viewpoint 

image from each space was selected and input 

into the Spatial Description Agent. Through a 

two-step process involving BLIP-based image 

captioning and multimodal interpretation via 

GPT-4o, architectural descriptions were 

automatically generated. The resulting text was 

structured in Markdown format and covered 

aspects such as "design style," "materials and 

finishes," "lighting scheme," and "spatial function 

and capacity." For instance, the lounge space was 

described as "a modern arrangement of furniture 

with wood-paneled walls, indirect lighting, and a 

capacity of 10–15 people." While the multimodal 

analysis was effective in producing readable and 

organized descriptions, certain outputs were 

observed to contain vague or overly generalized 

terms, such as "neutral ambiance" or "typical 

layout", especially in images with limited visual 

cues or ambiguous lighting.  

In the final stage, the Design Generation 

Agent enabled style transformation based on a 

user-defined prompt such as “calm and 

minimalist Nordic interior.” Internally, ComfyUI 

workflows were triggered via API calls to produce 

alternative stylizations. The resulting images were 

automatically analyzed using the llava-llama3 

multimodal model, producing descriptive text 

that was paired and stored alongside each image. 

The output set reflected clear stylistic distinctions 

across visual texture, material palette, and lighting 

ambiance. However, the quality and consistency 

of generated results were found to vary 

depending on the specificity of the prompt and 

the visual complexity of the source image. This 

dual pairing—visual and semantic—contributed 

to building a robust, searchable image–text 

dataset (see figure 6).  

 

 

 

 

 

 

 

 

In total, the system generated 100 image-

description pairs for each of the four interior 

spaces and four interior styles—Retro, Industrial, 

Modern, and Luxury—resulting in a dataset of 

1,600 structured pairs (see figure 7).  

 

 

Figure 5. 

Example output of 

the View 

Extraction Agent 

 

 Figure 6. 

Structure of the 

image–text paired 

dataset 
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The dataset is automatically accumulated in 

real time within the system’s database and is 

designed for reuse in downstream tasks such as 

case-based retrieval, semantic search, design 

recommendation, or fine-tuning of vision-

language models. The demonstration verified the 

system’s ability to generate diverse and 

interpretable outputs across various interior 

contexts. These findings informed the broader 

discussion on limitations and future directions, 

which are addressed in the following section. 

 

DISCUSSION AND CONCLUSION 
360SpatialAI is a web-based system that 

integrates 360-degree panoramic images with 

artificial intelligence to support early-stage 

interior design workflows. It enables users to 

extract perspective views, generate spatial 

descriptions, and produce stylistic 

transformations from a single panoramic input. 

The system was validated through a case study 

involving four interior spaces, producing 1,600 

image–text pairs across four design styles. These 

results demonstrate its capacity to support 

structured data generation for tasks such as 

precedent retrieval, semantic tagging, and AI fine-

tuning. Despite these strengths, several 

limitations were identified. The accuracy of AI-

generated descriptions varied with lighting 

conditions and visual clarity, and the consistency 

of style transformation was sensitive to prompt 

specificity and scene complexity. Additionally, no 

formal user testing was conducted in this study. 

Future work will include usability evaluation, 

prompt optimization, and iterative feedback 

mechanisms. The system is designed to assist, not 

replace, human designers. Its modular structure 

allows for extensibility toward larger-scale 

applications, such as public space design and 

community planning. Integration with BIM-GIS 

data and participatory interfaces is a potential 

next step. In summary, 360SpatialAI presents a 

practical and flexible framework for AI-assisted 

spatial design, bridging generative tools with 

structured, interpretable outputs through a 

human-centered approach.  

 Figure 7. 

Style variations 

generated by the 

Design Generation 

Agent - 

Comparison of 

Retro, Industrial, 

Modern, and 

Luxury outputs 

based on the 

same viewpoint 

image. 
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