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adding dark-mode visual effects to a book, and (C) pixelating people in the surrounding environment.

Abstract

Augmented Reality (AR) can visually transform a user’s world by
rendering virtual content on top of reality. However, developing
such AR apps and visualizations remains a complex process that
requires an understanding of computer vision and programming
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skills. We present ShadAR, an AR prototyping pipeline that enables
real-time creation of small AR visualizations and applications using
large language models (LLMs) and object detection. ShadAR al-
lows users to express their visual intent (e.g., pixelate every person
around me) via natural language, which is interpreted by an LLM to
generate corresponding shader code. This shader is then compiled
in real-time and applied to the passthrough video stream.
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1 Introduction

Augmented Reality (AR) has opened up new possibilities for directly
modifying our visual perception, from simulating how others see
the world, to creating entirely novel visual experiences for artistic
expressions[7]. This capability has been explored in diverse do-
mains. For example, it allows designers to understand the world
as people with different visual capabilities (e.g, cataract) for more
inclusive design decisions [1, 6, 10]. It has also been used by artists
to creatively stylize the environment, as perceived through the
imagined eyes of Van Gogh[3]. However, current implementations
of such visual perceptual simulations are typically created before-
hand by the developer, designed for a single visual condition, and
thus, lack flexibility for broader exploration.

Recent advances in large language models (LLMs) have demon-
strated their ability to generate functional code from natural lan-
guage instructions[4]. Thus, LLMs have been adopted in extended
reality (XR) environments to support real-time XR content creation
[9]. For example, De La Torre et al. [2] demonstrated how to en-
able users to generate or manipulate virtual objects in extended
reality(XR) with voice commands, using LLM to real-time generate
CSharp code.

While prior work has centered on generating source code to
create/manipulate XR objects, we take a different approach: using
LLMs to generate HLSL shaders for creating/changing AR visual
experiences and allowing user to create small AR visualizations and
apps. In this project, we present ShadAR, a LLM-enabled shader
generation pipeline for AR, deployed on the Meta Quest 3. ShadAR
enables AR users to verbally express their desired visual experience
(e.g., “I want to see the world through the eyes of someone who is
colorblind”” or “I want blur every person in my enviornment” ). Then,
a ShaderGeneratorLLM, guided by designed prompts, interprets
the user’s spoken command and generates HLSL shader code in
real time. Additionally, we are running an object detection and
segmentation model (Yolo11) on the video stream, which generates
a set of labels and coordinates that are streamed into the unity
project. In our system prompt, we instructed the LLM on how it
can access this data in its code, enabling it to write shaders that
can be applied to a specific region (e.g., pixelate every person). The
shader is then compiled and immediately applied to the headset’s
camera passthrough, transforming the user’s visual experience on
the fly.

We show example applications to demonstrate ShadAR’s ability
to flexibly interpret user intent and generate corresponding visual
effects — though not always perceptually accurate, these effects
allow for rapid exploration of altered visual perceptions.
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We previously presented an early version of this interactivity
at ISMAR 2025 [8]. Since the initial presentation, we have substan-
tially improved the experience by adding an object detection and
segmentation model to the pipeline. This addition enables more
complex applications that can provide a closer integration with the
physical world. For example, this new pipeline enables the system
to generate shaders that provide selective manipulations (e.g., pix-
elating people) or reactions to events in the physical world (e.g.,
highlighting approaching cars).

2 Technical Architecture

To enable real-time visual transformations from natural language
input, ShadAR integrates a pipeline (Fig.2) including four parts:

Intent Understanding and Shader Generation. User voice
commands are transcribed using Whisper and sent via HTTP to
a prompt-engineered LLM (OpenAl gpt-5. 2). The prompt incor-
porates domain knowledge (e.g., animal vision effects), example
shader templates, and common pitfalls in shader programming to
enhance output reliability.

Object Segmentation We integrated yolo11-nano [5] as an
object segmentation model in the pipeline. The Yolo model is run-
ning on a laptop which receives the current frame of the video
passthrough and then populates a list containing object label, the
position and outline of the detected object as a set of points.

Real-time Shader Compilation and Deployment. The gen-
erated shader code is compiled on a laptop using Unity in headless
batch mode, packaged into an asset bundle, then deployed to the
Quest device via a local web server.

Accessing and Transforming the AR Viewport. We utilize
the Meta Passthrough Camera API to access and change the AR
headset’s video stream as a WebCamTexture in Unity3D.

3 Demo Experience

Verbally Prompt Visual Perceptions. To experience ShadAR, the
user needs to wear the Meta Quest 3 headset, and speak aloud the
visual effect they want to experience—such as saying, ‘T want to see
the world through the eyes of a color-blind person.” While describing
their desired effect, they press and hold the Oculus B button to
record their voice. After approximately 1 minute, a custom shader
is generated and applied to the video passthrough in the user’s AR
viewport. Users can choose to save the shader for future use, or
record a new voice command to generate new visual effect. User’s
are able to also iterrate on their created shader (e.g., "change the
blue highlight to green").

Monoscopic Simulates Stereoscopic. In our setup, the AR
viewport is rendered on a 2D quad displaying the left-eye camera
feed, resulting in a monoscopic view. Then the compiled shader
is applied to the material of the quad rendering the passthrough
video, enabling real-time visual perception transformation.

Walkthrough A user that experiences the demo will be in-
structed to test three specific tasks: 1) Experience the world through
the eyes of someone else (e.g., "I want to see the world through the
eyes of a dog") 2) Augmenting specific objects in the enviornment
(e.g., Pixelate every Person around me", "Make every plant glow") 3)
Ask for an augmentation that tries to change the mood of the user
(e.g., "Make me laugh", "Scare me"). We will bring multiple objects


https://doi.org/10.1145/3772363.3799378

ShadAR: LLM-driven shader generation to transform visual perception in Augmented Reality

CHI EA ’26, April 13-17, 2026, Barcelona, Spain

Shader Generation

HLSL
Shader
“Turn the book Audio Code
into dark mode.” A

Compilation and Deployment

External
Shader
Compiler

Shad
acer Accessing and Transforming the AR Viewport

Apply shader to
Asset th%pp}c/zssth rough

Bundle with Meta M 5
compiled Quest Passthrough [ — g
shader code Camera API '

AR users

' Video Stream

AR users of the AR view

Object Detection

Yolo-11n

Seg

Segmentation
mask of the
target obejct

Figure 2: Technical architecture of ShadAR

which are in the Yolo model (e.g., bottle, vegetables) to allow users
to test small interactive AR applications which they can generate
with the shader (e.g., "Create a small explosion animation when the
bottle touches the table"). The full demo experience takes around
5 minutes per person. We plan to bring multiple devices so that
multiple persons can experience the demo simultaneously.

4 Example Visualizations and Applications

We illustrate selected examples of using shader generation for visual
perception transformation. These examples span a range of goals:

Accessibility Simulation of colorblindness (‘T want to see the
world through the eyes of a colorblind person.”, Fig.1-A) or other
visual impairments can help designers understand the challenges
faced by people with different visual capabilities, enabling more
inclusive design choices. Additionally, these shaders can be used to
address some specific accessibility issues (e.g., “I am a colorblind
person, modify the image so I can recognize green and blue better”).

Creative Expression Creating effects like viewing the world
from under the ocean (Fig.3-A) or through a kaleidoscope (Fig.3-
D) showcases how such transformations enable artists to explore
unique aesthetics and convey specific narratives.

Color Highlighting Prompts like “Twant to see things in grayscale
except green” make it easier for users to find the green folder in
cluttered environments (Fig. 3-B). It illustrates how visual percep-
tion transformations can support navigation tasks in productivity
scenarios.

Object Augmentation Through the integration of the object
segmentation model, the system allows users to augment, highlight
or dim specific objects in the environment. This can be used for a
variety of purposes, such as directing attention (e.g., “Blur every-
thing except my display.”) (Fig. 3-C) or helping find specific objects
(“Among banana, broccoli and cake, highlight the food with highest
calorie.”) (Fig. 3-F).

Interactive Applications The setup also allows for generating
simple interactive experiences (e.g., “Create a wave animation on
the table when I place a bottle on it.”) (Fig. 3-E).

5 Conclusion

In this work, we present ShadAR, an AR application that leverages
LLMs to interpret users’ verbal commands and generate corre-
sponding shader code, enabling real-time transformation of visual
perception. We explain the system architecture and showcase ex-
amples of generated visual experiences that support inclusiveness,
creativity, and searching. We aim to make AR a more flexible “visual
experience machine”, utilizing the code generation capability of
LLMs.
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