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Abstract

Reliable perception is essential for collaborative robots operating
safely in shared human environments. However, automated entity
detection systems still produce errors that degrade a robot’s un-
derstanding of its surroundings. We present a Human-in-the-Loop
(HITL) framework that enables user operators to validate and cor-
rect entity recognition and detection through an interactive Mixed
Reality (MR) application and interface. Detected entities are visu-
alized as aligned holograms, allowing users to confirm or remove
them through intuitive, gesture-based spatial interactions. Our pro-
posed method demonstrates that this shared environment and its
interaction approach are functional and effective for correcting de-
tections in real-time. By integrating the HITL approach, our system
evaluation produces a more accurate representation of the shared
environment and establishes the foundation for future extensions,
including safer and more effective human-robot interaction and
collaboration.

CCS Concepts

« Human-centered computing — Mixed / augmented reality; «
Computer systems organization — Robotics; External interfaces
for robotics.
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1 Introduction

Collaborative robots (cobots) represent the idea of robots working
alongside humans in a safe workspace. Cobots operating in shared
environments require comprehensive situational awareness to en-
sure safe task completion [20]. Achieving this awareness requires
continuous observation and interpretation of the surroundings [3],
which is fundamental for addressing the safety-critical challenges
of Human-Robot Interaction (HRI) and collaboration, such as tra-
jectory planning [5] and search and rescue operations [18].
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Figure 1: The overall idea behind the HIMER approach for shared
environment understanding, where humans are exchanging knowl-
edge regarding entity recognition and detection to robots, through
a shared environment.

To understand the surroundings, entity recognition and detec-
tion are essential components of situational awareness. Identifying
objects in a robot’s field of view allows it to make decisions [16],
particularly in dynamic environments such as manufacturing facil-
ities and logistics warehouses [21]. However, automated detection
systems often produce errors, including false positives, misclassifi-
cations, and missed detections, which can compromise safety and
task performance.

Addressing these limitations, an approach is to include a Human-
in-the-Loop (HITL) by integrating human perception into the ro-
bot’s situational awareness process. Research has shown that hu-
man feedback improves obstacle detection and avoidance capa-
bilities [9], while bidirectional knowledge exchange leverages the
complementary strengths of humans and robots [6].

Effective HITL systems require a shared representational space
for knowledge to be exchanged between agents. Digital twins pro-
vide this foundation by maintaining virtual representations of the
workspace and detected entities [21].

Mixed Reality (MR) or Augmented/Virtual Reality devices, such
as HoloLens 2 and Meta Quest 3, offer an approach for semantic
knowledge exchange between humans and robots by enabling the
creation of a shared digital representation combining the real and
virtual world.

We proposed HIMER, a Human-Interactive Mixed Reality Sys-
tem for Entity Recognition, which enables effective real-time cor-
rection of entity detections. Figure 1 illustrates the system concept.
The proposed work aims to explore humans’ knowledge of scene
understanding, as humans can naturally recognize entities, under-
stand their semantics, and know their spatial relationships.

For this purpose, the main contributions of this work are to
allow users to validate and correct autonomous detections, remove
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false positives through intuitive spatial interactions, and further
create a refined environmental model that is accessible to the robot.
This establishes a common understanding of the shared workspace,
enabling safer and more effective HRI and collaboration.

2 Related Works

Recent advances in MR have enabled autonomous real-time object
detection in dynamic environments. Several works have integrated
You Only Look Once (YOLO) [12] as a base detection method with
HoloLens for label visualization and object tracking [1, 8, 17], es-
tablishing the foundation for automated detection in MR systems.
These approaches have been extended to domain-specific appli-
cations, including situational awareness with advanced machine

learning models [21, 22] and simulated industrial environments [7].

Beyond detection, hybrid approaches have explored leverag-
ing user context. DeepMix [10] uses user movement to fine-tune
detection on planar surfaces, while [2] integrates BIM (Building
Information Modeling) with MR for context-aware furniture man-
agement. In dynamic scenes with object interactions, such as furni-
ture, additional challenges arise, including tracking lost and found
[4] objects.

Recent work explores human input to enhance detection accu-
racy. In SLAM systems, [13] uses human feedback to improve object
detection algorithms, and [15] enriches semantic information at the
object level, though neither implements extended reality interfaces
for direct interaction. While [19] implements semantic information
with HoloLens for HRI, it lacks objects in the SLAM system. For HRI
applications in general tasks, [11] proposes a multimodal approach
using HoloLens and LLMs with feedback mechanisms.

While existing systems demonstrate robust automated detection
and recognition, they lack mechanisms for users to interactively
validate and correct detection errors in real-time in MR environ-
ments. Our HIMER approach addresses this gap by implementing a
gesture-based MR interface that enables users to confirm or remove
detected entities, to refine the robot’s environmental understanding
in HRI scenarios.

3 System Overview

This section describes the conceptual idea and workflow of HIMER’s
architecture for real-time entity detection, human validation, and
shared knowledge representation using the MR interface, as pre-
sented in Figure 2.

HIMER employs a human-interactive spatial annotation para-

digm to create a semantically rich situational awareness system.

Rather than requiring robots to independently and autonomously
interpret complex human workspaces, HIMER enables humans to
validate their environmental understanding through intuitive MR
interfaces. We organize the system description into three compo-
nents: (1) environment understanding and perception, followed
by entity detection, (2) shared environment for visualization and
HITL validation, and (3) the robot integration for collaborative task
execution.
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3.1 Real to Virtual World

Figure 2 illustrates the system pipeline, beginning with the user
wearing the HoloLens 2 device to capture live images of the en-
vironment. The HoloLens 2 main camera is an RGB camera that
allows capturing video at up to 1080p resolution at 30 frames per
second [14]. To maintain system responsiveness, the Unity applica-
tion samples frames at a reduced resolution and a fixed frame rate
and transmits them to an external processing module.

The processing module is dedicated to performing entity detec-
tion and segmentation. For each received frame, the model outputs
segmentation masks, bounding boxes, class labels, and confidence
scores for all detected entities. These detection results are published
back to the Unity application, completing the perception loop from
the physical environment to its digital representation.

3.2 Shared Environment

The Unity application transforms detection results into spatially
registered holographic overlays aligned with physical objects. Upon
receiving segmentation masks and bounding boxes, the system per-
forms geometric back-projection to recover 3D object poses in world
coordinates using the inverse pinhole camera model. Depth infor-
mation for each detected entity is acquired from the HoloLens 2’s
time-of-flight sensor [14], while camera intrinsic parameters are
obtained from the device’s camera APIL This spatial registration
process (as in Figure 2) ensures that virtual annotations align with
their physical counterparts in terms of position, width, and height.

The application employs passthrough video rendering to main-
tain visual continuity with the physical environment while over-
laying holographic representations of detected entities. As the user
moves through the workspace, images are continuously captured
and processed, with holographic overlays rendered in real-time at
the spatial locations of detected objects. Each holographic repre-
sentation displays the associated class label and remains anchored
to its detected 3D position as the user navigates the environment.

The validation interface enables users to review and correct de-
tection errors through gesture-based interaction. Users can exam-
ine each detected entity’s holographic overlay and either confirm
correct detections or remove false positives. For example, if there
should be one cellphone and one mouse identified in the scene,
rather than recognizing the mouse twice, the user can easily re-
move the extra mouse from the listing.

3.3 Human-Robot Collaboration

This subsection represents the next step in the HIMER architecture
and ensures its potential application. Once the user completes the
validation process, the information needs to be transmitted to the
robot system, improving its situational awareness and enabling
informed task execution, and fed to the identification model.

Each group contains the entity’s 3D pose, semantic class, seg-
mentation geometry, and validation metadata. After establishing
the coordinate transformation between the mixed-reality device
world frame and the robot’s base frame, robotic systems can lever-
age this human-curated environmental representation in multiple
directions:

» The semantic knowledge provides the robot with reliable in-
formation in dynamic spaces. Human validation ensures that



Human-Interactive Mixed Reality System for Entity Recognition

HRI Companion "26, March 16-19, 2026, Edinburgh, Scotland, UK

Entities ] Shared |_______| Entties
Detection and i Environment | Spatial
Recognition i i Validation
' Holographic 1
e i Overla i 6
| — 1Y@
! ' 0O
. iy LS I
1
1 1
| -l =

Figure 2: HIMER system architecture showing the human-in-the-loop workflow. On the left, the user shares the real world with the robot
to collaboratively complete tasks. The user wearing the mixed-reality device has access to the Unity application. The right side shows the
system internals. The user scans the environment to perform entity detection and recognition using the RGB camera of the HoloLens 2. In
the shared environment, the user sees the holographic overlay of all entities. In the glasses, the user can perform a validation to accept or

remove detected entities in the virtual world.

ambiguous or difficult-to-detect obstacles (e.g., transparent
surfaces, reflective objects) are correctly represented.
Shared semantic labels establish a common vocabulary for
human-robot interaction, allowing natural-language and
high-level commands and actions, such as “pick up the pur-
ple mug near the workbench”. This could bridge the semantic
gap between human spatial descriptions and robot world
models.

The robot can reason about object arrangements, spatial rela-
tionships, and available workspace regions based on human
situational awareness knowledge. This enables higher-level
task planning that respects human organizational prefer-
ences.

4 Results and Discussion

The implemented system represents a step forward in the inte-
gration of human knowledge through a high-level exchange of
information. As mentioned in Section 3.2, the architecture utilizes
the MR device, and the entity segmentation module employs a
YOLOvS8 [12] model specialized in segmentation. All components,
including the Unity application and entity segmentation module,
are implemented as ROS 2 nodes. The application displays the seg-
mentation mask in real time as the user moves.

As shown in Figure 3, the user executes a grab gesture to pause
the scanning of the environment and validate the detections. A
menu displays the currently detected entities and their correspond-
ing hologram representations. The menu remains open until the
user finishes reviewing the elements. The user can remove detec-
tion errors from the model and confirm the selection. This process
publishes the confirmed list of entities, after which environment
monitoring resumes.

Figure 3 and Figure 4 demonstrate the system in a typical of-
fice environment. In Figure 3, the left panel shows the detection
interface after the user pauses environment scanning, display-
ing four detected entities: a cup (94.33% confidence), TV (79.01%),
mouse (58.95%), and bottle (50.74%). Each detection appears both
as a thumbnail in the menu panel and as a spatially registered
holographic overlay aligned with its physical counterpart in the

workspace. The right panel illustrates the correction process, where
the user has removed the mouse detection, which was identified as a
false positive. On the other hand, Figure 4 illustrates the holographic
overlay for human perception in the application, displaying four
detected entities: a laptop (95.41% confidence), a keyboard (37.68%),
a cell phone (35.81%), and a bottle (41.60%). Since the laptop is
not separated from the keyboard, the user can easily remove the
misclassification.

This architecture offloads intensive processing from the device,
making the application more responsive. A key trade-off is the
number of frames to utilize and the image resolution, as the entity
segmentation component must maintain a consistent processing
rate to handle all frames published by the Unity application.

The system’s frame sampling rate and image resolution directly
impact both detection quality and computational requirements. We
sample at 10 frames per second at 896x504 resolution, balancing
detection coverage with processing throughput. Higher frame rates
would enable faster workspace scanning but require proportionally
greater computational resources, while lower rates risk missing
transient objects or requiring slower user movement.

This approach is particularly valuable in scenarios where the
environment is dynamic, object recognition is ambiguous (e.g.,
similar-looking tools), or human verification is required (e.g., cus-
tom entities, safety applications).

5 Conclusion and Future Work

HIMER addresses a fundamental challenge in human-robot col-
laboration: how can humans efficiently communicate spatial and
semantic information about their environment to robotic agents?
Our proposed system successfully enables a shared environ-
ment in which users can view and interact with object detections
through mixed reality. The system accurately displays the detec-
tions as holograms, and the hand-gesture interaction mechanism
reliably captures and removes entities with minimal effort. The
results demonstrate that the validation is both feasible and effective.
A core aspect of HIMER is sharing the environmental model with a
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Figure 3: Human validation interface for entity detection correction. Left: The user opens the detected entities menu, which displays four
objects (a cup, a TV, a mouse, and a bottle) along with their confidence scores and corresponding holographic overlays in the 3D space.
Right: User performing gesture-based removal of a false positive detection (mouse), with the updated entity list showing only three validated
objects.

feedback to the detection model. Additional planned improvements
. include more user operations, such as editing or adding new objects
" Japtop 95:41% e =108 \ > directly in MR during active scanning, and enriching the scene with

more semantic information.
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