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Figure 1: First-person PoV footage taken from the HoloLens 2 headset with visual icons anchored to the detected objects in the
environment.

Abstract
Low-vision (LV) people often face difficulties in navigating complex
environments and recognizing objects due to reduced visual acuity,
contrast sensitivity, or field of view. In this paper, we present a
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prototype that combines real-time object detection with augmented
reality (AR) visualization to enhance spatial awareness for LV users,
supporting safe navigation and object localization in indoor spaces.
The system integrates an RGB-D camera and a Microsoft HoloLens
2 headset via ROS and Unity, using a YOLOv11-based perception
pipeline to detect and localize static and dynamic objects in 3D and
display high-contrast AR icons above the detected objects within
the user’s field of view, conveying both their position and identity.

CCS Concepts
• Human-centered computing → Accessibility systems and tools;
Accessibility technologies; • Social and professional topics →
People with disabilities.

https://orcid.org/0000-0002-6771-3502
https://orcid.org/0009-0001-3314-302X
https://orcid.org/0000-0003-0919-1504
https://orcid.org/0000-0001-7834-0417


AlpCHI ’26, March 01–05, 2026, Ascona, Ticino, Switzerland Thoo et al.

Keywords
low-vision, augmented reality, accessibility, navigation assistance,
object detection

ACM Reference Format:
Yong-Joon Thoo, Karim Aebischer, Nicolas Ruffieux, and Denis Lalanne.
2026. Real-Time Object Detection and Augmented Reality to Support Low-
Vision Navigation and Object Localization: A Demonstration. In Proceedings
of Human-Computer Interaction Conference of the Alpine Region (AlpCHI ’26).
ACM, New York, NY, USA, 4 pages.

1 Introduction
Low vision (LV) can result from mild to severe eye conditions and
can affect various aspects of visual perception (e.g., visual acuity,
contrast sensitivity, field of view) making it difficult to perceive
or identify objects and/or navigate in complex environments [8,
10]. However, most LV individuals may prefer to rely on their
residual vision [8, 20, 24, 25]. In line with this, augmented reality
(AR) has emerged as a promising approach to visually enhance
environmental perception by overlaying digital cues directly within
the user’s field of view [4].

For instance, AR has been explored as a navigation aid to enhance
spatial awareness for LV users by visually augmenting their sur-
roundings. One line of work has focused on improving the visibility
of environmental objects and obstacles. Htike et al. [8] evaluated
eight visual enhancement techniques—such as color or edge over-
lays and bounding boxes—on a HoloLens v1, emphasizing the need
for customizable visual augmentations. Similarly, Zhang et al. [23]
proposed Trans4Trans, a transformer-based segmentation model
integrated into a wearable system to detect transparent obstacles
(e.g., glass doors, windows). Other studies have investigated AR-
based navigation and spatial guidance, such as Zhao et al. [24],
who explored projection- and smartglasses-based visualizations
for stair navigation, and Zhao et al. [25], who compared audio and
visual feedback for wayfinding tasks. More recently, Chen et al.
[1] introduced VisiMark, an AR interface that augments predefined
navigation landmarks (e.g., stairs, elevators) with world-anchored
visual cues and “signboards” at hallway intersections to depict
spatial layout and upcoming landmarks.

Beyond navigation, AR and computer vision have also been used
to support object recognition and interaction. For instance, Zhao
et al. [26] presented CueSee, an AR application that recognizes
products and employs directional visual cues to guide users toward
target items during visual search tasks. Lee et al. [2] developed
ARTennis, a wearable AR prototype enhancing the visual saliency
of tennis balls, and later introduced CookAR [3], which highlights
the affordances of kitchen tools (e.g., knives, pans) using real-time
segmentation to support safe and efficient interactions.

Building on prior work—and insights from our user understand-
ing studies involving LV individuals [18, 19]—we present a proto-
type system (cf. Figure 1) that advances AR-based assistance for
LV users through real-time detection and visualization of static
and dynamic objects in indoor environments (e.g., rooms, open
spaces). The system uses an RGB-D camera and real-time object
recognition to estimate each object’s distance, position, and label,
which are transmitted to a HoloLens 2 headset for in-situ AR vi-
sualization. Unlike approaches that rely on predefined landmarks

or pre-mapped spaces, our system autonomously identifies envi-
ronmental elements and displays them as visual icons that convey
both their location and nature. This design aims to support spatial
awareness during navigation while enabling users to localize and
recognize objects that may afford interaction (e.g., a chair, sofa,
person, bag).

Although the prototype targets assistive indoor navigation and
object localization, the underlying real-time detection and AR vi-
sualization techniques may also complement emerging AR-based
training systems for low-vision training, including therapist-guided
approaches explored in our prior work [18, 19].

A short video demonstration illustrating the system and example use
cases is available at: https://visar-alpchi26.human-ist.ch/ .

2 System Implementation
The prototype integrates real-time 3D perception with AR visualiza-
tion to support spatial awareness for LV users. It combines an Intel
RealSense D455 RGB-D camera [12] with a custom ROS [11, 14]–
based perception pipeline using the Ultralytics YOLOv11model [21],
and a Unity [22] application running on a Microsoft HoloLens 2 [5]
headset with the MRTK3 toolkit [6]. The system was deployed on
a Lenovo Legion T5 desktop (AMD Ryzen 7 7700 CPU, 32GB RAM,
NVIDIA GeForce RTX 4070 Super, 1 TB SSD) running Ubuntu 20.04
with ROS Noetic [15]. Figure 2 illustrates the overall flow from
sensing and detection to AR visualization.

Figure 2: Overview of the sensing, detection, and AR visu-
alization pipeline using ROS, a RealSense camera, and the
HoloLens 2 with QR-based spatial alignment.

2.1 Perception and Depth Estimation
We implemented a ROS node that fuses RGB and depth data from
the realsense-ros wrapper [13] to detect, segment, and localize ob-
jects in 3D. The node dynamically retrieves the camera intrinsics
(𝑓𝑥 , 𝑓𝑦, 𝑐𝑥 , 𝑐𝑦) and processes synchronized RGB–D frames through
the YOLOv11 segmentation model (cf. Figure 3a). For each detection
above a given confidence threshold, the node extracts depth values
from the segmented region, computes the average object distance𝑍 ,
and estimates its position relative to the camera using the pinhole
model:

(𝑋,𝑌, 𝑍 ) = ( (𝑢 − 𝑐𝑥 )𝑍
𝑓𝑥

,
(𝑣 − 𝑐𝑦)𝑍

𝑓𝑦
, 𝑍 ) (1)
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Figure 3: Illustration of: (a) objects detected and segmented by the YOLO-v11 model; and (b) the AR interface for registration
and TCP communication between the headset and the ROS node.

where (𝑢, 𝑣) denotes the centroid of the segmentation mask. Es-
timated object positions, sizes, and confidence scores are formatted
as JSON messages and published to the corresponding topic at
2Hz. Annotated segmentation images are concurrently streamed
for debugging or visualization in RViz.

2.2 Communication, Registration, and AR
Visualization

To enable real-time communication between ROS and Unity, we
used the ROS–TCP Endpoint [17] (ROS side) and ROS–TCP Con-
nector [16] (Unity side) packages, where the Endpoint creates a
server for Unity to connect to, and the Connector manages the
serialization and exchange of ROS messages directly within the
Unity scene. Through this link, the Unity application running on
the HoloLens 2 subscribes to the detection topic and receives JSON
messages describing the detected objects and their 3D positions.

To enable registration between the RealSense camera and the
headset—and thereby ensure the accurate positioning of virtual
objects from the headset’s perspective—we used a printed QR-code
marker placed at a fixed position next to the RealSense camera with
a predefined spatial offset (cf. Figure 3b). This marker is detected
by the HoloLens 2 using the Microsoft.MixedReality.QR SDK [7, 9],
which estimates the headset’s pose relative to the QR code after
establishing the connection to the ROS endpoint, thereby creating
a shared spatial reference. This alignment ensures consistent reg-
istration between the camera and headset referentials, allowing
virtual content to be accurately anchored within the physical envi-
ronment. The Unity application then projects high-contrast virtual
icons above the detected objects (e.g., chairs, tables, or bags), using
the information contained within the JSONmessage, assisting users
in perceiving their nature and location within the real environment
through the AR headset (cf. Figure 1).

3 Future Work and Conclusion
This paper presented a prototype system that integrates real-time
object detection with AR visualization to support spatial aware-
ness for LV users by conveying both the position and identity of
nearby objects and/or obstacles. While the current setup uses a

single RGB-D camera in a room-scale environment, in future work
we aim to extend the architecture to multi-camera configurations
to increase spatial coverage, improve robustness against occlusions,
and support multi-room deployments. Future iterations will also
explore task-oriented interactions—such as querying specific object
types through speech or other modalities—and adaptive visualiza-
tion techniques to prevent visual overload. For instance, as highly
cluttered environments may increase cognitive load due to exces-
sive visual cues, we plan to explore selectively displaying icons or
objects within a defined distance or relevance threshold from the
user. Future work will also include user evaluations in real-world
scenarios to assess usability, perceived usefulness, and integration
into indoor environments.
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