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Abstract 

The use of technology in public spaces, such as museums, for visually impaired 

individuals, is usually done by enhancing the sensory experience for low-vision visitors, primarily 

with regard to tactility and auditory sensation. However, these experiences do not consider the 

interactive aspect. Hence, iGuide, a mobile application featuring text-to-speech and speech-to-text 

with natural language responses from a Large Language Model (LLM), was developed to allow for 

an interactive multimodal approach to aiding visually impaired users. Additionally, the work 

considers the use of robotics, specifically the Boston Dynamics SPOT quadruped robot dog in 

reducing the cognitive load for the visually impaired when paired with the developed system, in 

terms of visual orientation and navigating museum spaces. These design choices are guided by 

combining both the state of the art in terms of accessibility software, hardware, and physical 

implementations as well as the interactivity provided by guides.  
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Introduction 

According to the International Agency for the Prevention of Blindness, at least 2.2 billion 

people globally have vision impairment or blindness (Ackland, Resnikoff, and Bourne 71–73). 

Visual impairment can profoundly impact daily activities, limiting access to information, 

navigation, and environmental interaction. In settings such as museums, where information is 

predominantly conveyed through visual means, these challenges are even more pronounced, 

furthering the need for technologies that can interpret visual data and present it in accessible 

formats.  

Some preexisting technologies are screen readers (American Foundation for the Blind) 

and TTS systems, such as JAWS, which converts on-screen text into speech, enabling users to 

access digital content audibly (Freedom Scientific). Mobile applications have also made 

significant strides; Optical Character Recognition (OCR) tools like KNFB Reader capture text 

from images and read it aloud, facilitating access to printed materials (National Federation of the 

Blind). Microsoft's Seeing AI describes people, text, and objects captured by a smartphone 

camera (Microsoft, Seeing AI), while Be My Eyes (Be My Eyes) connects visually impaired 

users with sighted volunteers through live video calls for real-time assistance. In the hardware-

software space, wearable devices like OrCam MyEye (OrCam) use smart cameras mounted on 

eyeglasses to read text and recognize faces, providing on-the-go support. While these 

technologies are valuable, they often are costly, and have limitations in processing complex 

environments, offering detailed contextual information, and facilitating interactive conversations. 

Furthermore, a similar system as ours can be found in (Kuzdeuov et al. 722–727) where 

the proposed system is a mobile application that leverages the OpenAI GPT to aid the visually 

impaired and blind. (Park, An, and Park 1541–1544) developed a system that aids visually 
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impaired users in navigating and understanding museum spaces and art galleries. Brajvasi et al. 

(Brajvasi and Kirar 1–6) developed a mobile android application that is capable of streaming 

visual data from a smartphone’s camera into a memory optimized TensorFlow model that allows 

for deciphering what was captured in the image and providing vocal feedback to the user. In 

Pujari et al. (Pujari, Madnal, and Premchandran 1–6) the proposed system is a Flutter multi-

platform mobile application that broadly aims to improve accessibility using object and currency 

detection along with an OCR tool for making use of text from images. (Zheng et al. 177–186) 

proposed a system that leverages a plastic optical fiber (POF) network for high bandwidth 

between a client-server that makes use of an ai model capable of speech, motion, and image 

recognition along with LLM’s such as GPT and Vicunna to produce natural responses.  

Integrating Large Language Models (LLMs into assistive technologies can enhance 

interpretative and conversational aspects, providing richer and more interactive experiences for 

users. Hence, the proposed work iGuide involves developing a mobile application that ingests 

multimodal inputs and uses OpenAI’s GPT-4 LLM Application Program Interface (API) to 

process these inputs with a TTS-STT pipeline (Fig. 1). By processing inputs through speech, 

images, or text, the application provides seamless interaction and conversational assistance with 

its audio playback. 
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Fig. 1. High-level overview of iGuide end-to-end process. From left to right and back to left 

(clockwise), the diagram shows the user prompts the system by capturing visual and/or audio 

input, which then gets fed into the system for processing by the GPT and the TTS-STT. 

Supplementary hardware such as the Boston Dynamic’s robot dog SPOT (Boston 

Dynamics) is considered for further improving the conversational efficacy of the system and 

reducing the cognitive load for users since SPOT is a quadruped robot capable of autonomous 

movement and is equipped with advanced sensors and cameras and can navigate various terrains, 

making it suitable as a tour guide or intelligent agent for public spaces such as museums. This 

will allow SPOT to act similar to a guide, much like the docent from the Smithsonian American 

Art Museum (Smithsonian American Art Museum).  

In summary, by leveraging the reasoning and generative capabilities of LLMs coupled 

with a TTS-STT pipeline, the aim of the proposed system is to: 

• Provide an interactive/conversational experience for users through iGuide using OpenAI’s 



  iGuide: A Multimodal App for Visually Impaired Museum Visitors   342 

Journal on Technology and Persons with Disabilities 
Robles, A.: CSUN Assistive Technology Conference 
© 2026 California State University, Northridge 

GPT-4 model for generating responses and multimodal input processing.  

• Allow for visually impaired users to interact with museum exhibits through multimodal 

inputs without the need for additional hardware.  

• Explore a potential piece of supplementary hardware, SPOT, that could reduce the 

cognitive burden on visually impaired individuals when navigating the museum.  

Discussion 

Interface: Portability, Usability and Accessibility 

The interface of the system was developed with a focus on smartphone devices to 

introduce a seamless system such that no supplementary hardware was necessary, as such the use 

of the Expo (Expo) framework for the application was considered for two reasons: (1) Ease of 

shipping to production on multiple platforms, i.e., IOS, Android, and Web. (2) Developing the 

system with React Native (Meta, React Native) which allowed for a wide plethora of development 

tools and libraries as well as the systems future maintainability. Furthermore, Expo is a 

framework used in React Native development workflows which is crucial for the maintainability 

of the UI for future development.  

There were three goals in the development of an effective interface for the visually 

impaired: accessibility, usability, and portability.  The smartphone allows for a wide range of 

built-in hardware and services that would otherwise need to be sourced by museums for the users 

as well as would have to be connected in the development phase. This further extended the ease-

of-use of the iGuide system that was developed, as it allows users to be able to centralize the use 

of this application without having to integrate more devices in their outings to museums or the 

purchase of more hardware.  

To maintain accessibility throughout the application, various features from the Expo 
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framework were used, such as the accessibility label (Expo, Expo Image) in conjunction with 

built-in screen readers such as VoiceOver (Apple, VoiceOver User Guide). As seen throughout 

Fig. 2, where the most relevant objects are only a couple buttons on the screen which are large 

enough to feel around quickly.  Inclusively, at each transition of the UI from the homepage there 

is a voice that announces what is to be done at the landing page e.g. when the voice recording 

button is clicked on the home page there is a transition screen that describes what the user should 

prepare to do. 

 

Fig. 2. iGuide mobile UI. From left to right: (1) the landing page, (2) the transition page which 

directs the user on the upcoming task, (3) the audio recording page, (4) the image capturing page, 

and (5) the response page, which produces the GPT generated response, the image captured, and 

audio playback along with next step options to repeat the audio playback or restart the flow to 

capture information on another exhibit. 

Software and Hardware 

The application will leverage the GPT-4 LLM provided by OpenAI through their public 

API, for reasoning user multimodal inputs, including text, and images, and responding 

accordingly. The backend of the system was developed using the microframework Flask (Pallets) 
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along with the Python programming language for writing the server-side code. Flask was used to 

handle the HTTP requests made to the server in a RESTful architecture (Gupta). The TTS-STT 

pipeline for the backend works in such a way that it first receives a JSON payload from the client 

usually consisting of text, image, and audio data and from there the audio data—if there was 

any—would be transcribed using OpenAI’s Whisper model to transcribe the audio. This text data 

would then be passed on to an Agentic architecture based on the newly recommended 

LangGraph (LangChain, LangGraph) architecture provided by LangChain (LangChain) which 

would first decide on whether the GPT-4 model was able to respond to the provided prompt or it 

needed to do research in order to give an accurate response. If the model did not search online, it 

would simply respond, with a text output and exit the graph. Otherwise, it would use the Bing 

API (Microsoft, Bing Web Search API) to search online, and from a sample of 100 sources 

fetched as a JSON data structure, the GPT model would parse, summarize, and condense that 

information in its response and exit the graph. Lastly, the text would be converted to audio data 

using the OpenAI TTS API and sent to the client for playback. Meanwhile, the Retrieval 

Augmented Generation (RAG) functionalities (Amazon Web Services) were packaged into the 

TTS-STT pipeline this RAG architecture can be further observed in its logical flow in Fig. 3. 
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Fig. 3. End-to-end overview of the iGuide system from sending query to client to processing and 

responding. 

The purpose of the RAG architecture, developed with LangChain (LangChain, The 

Platform for Reliable Agents) was to store information that was retrieved online or more in-depth 

information already held by a museum, allowing more relevant responses to be generated. This 

was to make the application more effective in terms of GPT-4's reply quality by using a vector 

database (Schwaber-Cohen; Pinecone), with its direct integration with Amazon Web Services 

(AWS Marketplace) for deployment. For the TTS-STT pipeline, the Whisper model provided by 

OpenAI was used along with their transcription API. Lastly, the system was prepped with the 

understanding that the GPT-4 LLM being used was to serve as an assistant at a museum.  
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Fig. 4. Overview of the robot SPOT integrated into the system. 

Along with the mobile interface, the application can, while not necessary, be used with 

supplementary hardware such as the SPOT quadruped robot dog from Boston dynamics. The 

concept of integrating SPOT into the use of the iGuide application stems from the versatility of 

SPOT which includes autonomous navigation and a built-in camera for streaming visual feed as 

well as capturing images. Additionally, the robot dog can be vertically scaled to introduce 

panoramic cameras, or more high-definition cameras for better image analysis by GPT-4 (Fig 4). 

Conclusion 

Experiment: General 

For testing the developed iGuide system, a large museum was chosen with two reasons in 

mind. First, a large museum would afford a diverse set of exhibits which the system could ingest 

and analyze. Second, using the app in such an environment allowed for testing the way in which 

the system would respond to noise, primarily other people, when capturing images. Hence, the 

museum chosen for the experiment was the Metropolitan Museum in New York City since it 

afforded both, a diverse set of exhibits and large crowds. The exhibits that were used for the 
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experiment consisted of ancient stonework, and immersive interiors from the 18th century. 

Additionally, diverse prompts were used in the experiment to further understand how vague a 

prompt could be such that the system would be able to answer. The video of the experiment 

being carried out is available RQOLQH�at: https://youtu.be/XUv9-aDUmaI.   

To give a brief overview of the first exhibit from the experiment video, the app when 

booted springs to life and vocalizes some cached audio using the same voice used throughout the 

TTS process, these samples were collected en masse through a separate piece of code that was 

made when first developing the system which uses the speech generation model from OpenAI to 

create a large batch of wav files. The user then selects to input a vocal message to the system, 

and a transition screen announces to the user to “Prepare to record your voice!” Subsequently the 

user records his voice with the prompt “tell me about this exhibit?” The app then preps the user 

to take an image by once again announcing the following task and the user can then feel around 

the UI for their desired option such as capturing, uploading, or opting out of capturing an image. 

Finally, the server receives the payload of the image and audio which is processed and sent to the 

client where the audio is played, and the system vocalizes its analysis. This experiment 

showcased the accessibility considered for the application in its vocal transitions, and intuitive 

flow, as well as showcasing the capability of the responses provided by the system which aim to 

be describe exhibits with senses besides sight. 

Experiment: Specifics 

One major focus of our test was to determine whether the model could provide detailed 

descriptions of elements such as exhibit materials, textures, or painting techniques, including 

brush strokes or layering. Therefore, the system was prompted with a batch of six images that 

each was unique in their own fashion and were captured in one of the authors’ rooms and in the 

https://youtu.be/XUv9-aDUmaI
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Metropolitan Museum in New York City. As seen in Table 1, the responses were able to 

successfully point out the material and even brush strokes of certain piece when prompts were 

provided. Additionally, the average time for the systems latency can be seen as roughly around 

14 seconds responses which is admittedly not the best when users may be in an area with poor 

network or extremely complex queries. Nevertheless, this proved the system was capable of 

drawing in the user with a sense of immersion through descriptive words but reiterates the point 

and need for improving the RESTful architecture to a more stream-based one such as 

Websockets (Websockets) or WebRTC (WebRTC) so real-time interaction can be achieved. 

Table 1. Column 1: Image used; Column 2: Response latency T (in seconds); Column 3: 

Prompt to GPT; Column 4: GPT Response. 

Image T(s) Prompt Response 
18 What are the brush strokes on 

the piece like and what are 
the facial expressions and 
emotions of the people in the 
piece? 

The painting features a dark atmosphere with rich, 
deep colors. The brush strokes appear to be 
somewhat textured, giving a sense of depth and 
movement. The figures exhibit various facial 
expressions: the man seems contemplative, while 
the women show focused engagement. Their 
emotions reflect a serious moment, possibly 
involving discussion or decision-making. The 
surrounding details add to an intimate yet tense 
dynamic among the subjects. 

14 What does the coloration and 
aging of the various blades 
look like and what does it 
make one feel? 

The image features a collection of historical 
blades displayed within a case each sword has 
distinct textures and surfaces. Some are smooth 
while others display intricate engravings. The 
metal showcase is various colors with signs of 
rust and tarnish, indicating age, and wear. The 
overall presentation evokes a sense of respect and 
curiosity, inviting you to imagine the stories 
behind these beautifully crafted weapons. Would 
you like to know more about the materials or 
textures? 
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Image T(s) Prompt Response 

 

13 How tall is the armor relative 
to me and what impact does it 
give? 

The armor displayed appears to be encased in 
glass, suggesting it's quite valuable. You can 
likely feel a smooth texture from the glass and a 
contrast with the armor's rugged surface. The 
armor's height isn't specified, but it looks 
reasonably tall, possibly reaching to the waist or 
higher of an average person. This type of armor 
typically provided significant protection on the 
battlefield, embodying both strength and 
craftsmanship. The mesmerizing detail suggests it 
might have intricate patterns or layers. 

 

11 Is this piece standing alone or 
around other furniture and 
what are the materials? 

The piece, a tall clock, stands alone against a wall 
with no visible surrounding furniture. It features a 
combination of black and gold materials, likely 
wood with gilded accents. The surface has ornate 
carvings, adding a refined texture, and the clock 
face is prominently displayed. The overall design 
is elegant, and there's a small information plaque 
next to it detailing more about the piece. The 
lighting seems warm, highlighting its 
craftsmanship. 

 

15 What is it made of, and how 
does that material look? 

The image features two armored horses and their 
riders, showcasing suits of armor that are typically 
made of metal, often steel. The armor has a shiny, 
polished surface, reflecting light and giving a 
smooth texture. The wooden plinth beneath them 
is solid and has a warm, natural grain, contrasting 
with the cold hardness of the metal armor. 
Overall, the scene is well-lit, emphasizing the 
intricate details of the armor and the proud stance 
of the horses. 

 

10 In which direction is the 
beheaded medusa looking at 
and what is the posture of the 
man and the mood it conveys 
emphasizes foot and hand 
positions and how the light in 
the gallery helps evoke more 
emotions 

The statue depicts a muscular man holding a 
sword in one hand and the beheaded Medusa's 
head in the other. He gazes slightly upward, 
suggesting triumph or victory. His stance is strong 
and confident; his feet are apart, grounding him, 
while his hand grips Medusa firmly. The light in 
the gallery highlights the smooth textures of the 
marble, creating depth and emphasizing the man’s 
muscular form and the intricate details of 
Medusa's face, evoking a sense of awe and 
tension in the scene. 

 
User Interviews 

User interviews were conducted with four blind individuals at the Visions Center in 

Manhattan, New York. The data in Table 2 summarizes participant demographics and key 

feedback points. From the pool of participants, two occasionally visited museums (defined as a 
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few times a year), one never visited since childhood, and the other rarely visited. The group 

consisted of three individuals who are completely blind and one who is visually impaired with 

some vision. All interviews were audio-recorded and transcribed verbatim. The resulting 

qualitative data underwent thematic analysis, a systematic process for identifying, analyzing, and 

reporting themes within the data. This involved filling out a Google form for each of the 

participants with their corresponding transcribed responses.  

User interviews yielded rich qualitative data and confirmed the positive impact of the 

iGuide app prototype. Quantitatively, three out of four participants (75%) expressed 

dissatisfaction with current museum accessibility (defined as solely Human Guides). A key 

theme that emerged was the strong preference for independent exploration as well as descriptive 

explanations of exhibits. After hearing the video of the iGuide prototype demo, a user 

rebounded, “If I can go into a museum, have that describe me like that, that’s awesome!” 

Participants who occasionally visit museums were particularly responsive to the apps' 

storytelling and descriptive responses on exhibits.  

It was found that the accessibility barriers users face consisted primarily with difficulty 

locating, and identifying exhibits in addition to an inhibition of their independence. The findings 

suggest that the iGuide application addresses accessibility barriers identified by participants, 

primarily the reliance on human guides which can limit independent exploration of the exhibits. 

The positive feedback on the descriptive audio portion indicates the prototype effectively meets a 

key user need that aligns with WCAG 2.1 (Web Content Accessibility Guidelines 2.1).  It was 

also found that all of the participants used the Be My Eyes application (Be My Eyes) to some 

extent for image capturing with the help from sighted volunteers through live video calls, which 

bridged an important understanding of what visually impaired users would use for capturing 
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images and how the image capturing in the system could be made more effective. Lastly, while 

these findings provide valuable insights into the potential of iGuide, several limitations must be 

acknowledged when interpreting the results. The primary drawback is the small sample size of 

participants. Hence further large-scaled studies must be conducted for further insights.  

Summary and Future Work 

As our unique contributions to the community, iGuide introduces a mobile-only approach 

to accessible museum interaction by integrating computer vision, text-to-speech, speech-to-text, 

and large language model tech into a single conversational platform. Unlike prior systems which 

have been explored which rely on specialized hardware or pre-scripted audio guides, iGuide 

enables natural dialogue between the user and the system using only a smartphone. This 

emphasis on minimizing device burden, increasing independence, and conversational approach 

help in setting iGuide apart as user interviews have even noted on the refreshing approach to the 

exhibit descriptions. Furthermore, the framework is very versatile and, with minimal changes, 

can be adapted to other visually intensive public spaces.  

The developed iGuide application was tested in a real-world environment in the 

Metropolitan Museum of New York, which resulted in the understanding of the shortcomings 

and strengths of the system. The app was able to clearly communicate on intricate and diverse 

exhibits ranging from sculptures, jewelry, excavated stonework, to paintings. The shortcomings 

of the app were primarily founded in latency issues which resulted in a lack of conversational 

feeling with the application. In addition, some future features that would further enhance the 

usability of the system would be a sight-mode, where the app uses an image detection model to 

identify surroundings from a live feed and call them out with a TTS model, and once the desired 

item is within the frame a user can choose to send that image to the system for analysis.  
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