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(b) Bimanual Pinch Selection Gesture

Figure 1: (a) Hardware setup combining a Varjo XR-4 HMD, Leap Motion 2 hand tracker, and OAK-D Pro RGB-D camera for
data input. (b) Bimanual pinch selection gesture: the user defines a rectangular region by pinching with both hands, spanning
the selection bounds. When the pinch is released, the selected area will be diminished.

Abstract

Diminished Reality (DR) can visually suppress physical objects and
may help users manage attention in mixed-reality environments,
yet live, user-controlled DR remains difficult to implement and eval-
uate. We present Selective Vision, a proof-of-concept MR system that
combines RGB-D capture, hand-tracking input, inpainting, and 3D
mesh updating to let users manually select, diminish, and restore
real-world regions. In a study with 28 participants, we examined
exploratory and task-oriented use. Participants quickly learned the
interaction, used DR to reduce visual clutter, and generally preferred
manual control over fully automatic removal. Although blending,
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alignment, and reconstruction artifacts remained visible, dimin-
ished regions were often perceived as acceptable and sometimes
less distracting than the original objects. Our findings suggest that
future DR systems should prioritize fast, low-effort selection, trans-
parent feedback, reversibility, and user-confirmable suggestions,
while improving segmentation, latency, viewpoint robustness, and
temporally stable reconstruction.
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1 Introduction

Augmented reality (AR) technologies have long promised to en-
rich users' perception of the physical world by overlaying digital
information onto their surroundings. A complementary, but less
extensively explored, paradigm is Diminished Reality (DR). Rather
than adding visual content, DR aims to remove, hide, or attenuate
selected real-world objects from a user's view, often by reconstruct-
ing or approximating the background behind them. Such tech-
nigues have been proposed to reduce distraction, protect privacy,
or simplify visually complex environments. Potential applications
include suppressing distracting signage, reducing visual clutter in
workspaces, or hiding sensitive objects and bystanders from view.
While DR has been studied for more than a decade, many existing
systems focus on static images, o ine video processing, or mobile
AR prototypes with constrained interaction and rendering capa-
bilities. Recent reviews indicate that immersive head-mounted DR
systems remain comparatively rare, with only 18 percent of studies
employing them in 2024 cite eskandari2024observation. The grow-
ing availability of high-resolution mixed-reality headsets creates
new opportunities to investigate DR as an interactive, live, and
user-controlled experience. However, implementing such systems
remains technically challenging. A live DR pipeline must integrate
object selection, sensor input, background completion, depth or
geometry handling, and low-latency rendering. At the same time,
the interaction must remain understandable and fast enough for
users to apply DR during ongoing tasks.

In this paper, we presenSelective Visigra proof-of-concept
diminished reality system for immersive mixed reality. The system
is implemented using a Varjo XR-4 headset, an additional RGB-D
camera, and hand-tracking input. It allows users to manually select
real-world regions, visually diminish them through live inpainting,
and restore them when desired. Our system explores manual user
control as one possible interaction model for live DR.

To examine how users interact with and perceive this type of
system, we conducted a study with 28 participants in exploratory
and task-oriented scenarios. Participants were able to learn the in-
teraction quickly and used the system to reduce visual clutter in the
environment. They generally preferred manual control over fully
automatic removal. At the same time, participants noticed limita-
tions in blending and reconstruction quality, and their responses to
the inpainted regions were mixed. These ndings suggest that, for
some constrained attention-management tasks, diminished regions
may be acceptable even when reconstruction is not photorealistic.
However, they also highlight important limitations around visual
artifacts, selection precision, and technical robustness.

Our work di ers from pre-scan-based DR approaches by op-
erating on live sensor input rather than relying on a previously
captured model of the environment. This enables a more exible
form of interaction, but also introduces practical constraints related
to sensing, latency, viewpoint stability, and computational cost. We
therefore treatSelective Visioams a proof-of-concept system rather
than as a mature deployment-ready solution.

Contribution Statement. This paper makes three contributions:
(1) We presenSelective Visigm proof-of-concept live diminished
reality system for immersive mixed reality that combines RGB-D
capture, hand-tracking input, inpainting, and 3D mesh updating. (2)
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We describe an interaction work ow that allows users to manually

select, diminish, and restore real-world regions during live MR
use. (3) We report ndings from a user study with 28 participants

comparing exploratory and task-oriented DR use, providing insights
into usability, perceived acceptability, manual control, and the role
of visual artifacts in future DR systems.

2 Related Work

2.1 Classi cation and state of research

Diminished reality, situated opposite to Augmented Reality in Steve
Mann's Mediated Reality Continuun®f] can be considered a form
of Modulated Reality, and generally achieves the highest grade of
perceptual immersion when employed in Mixed Reality HMDs due
to their capability for view-encompassing augmentations.
According to Eskandari and Motamefii], previous DR research
has primarily focused on implementation techniques (50 percent)
and application concepts (40 percent), while user experience and
perception, particularly in immersive head-mounted displays, have
received comparatively less attention. Therefore, we review prior
work on technical foundations and investigate use cases, user per-
ceptions, and ethical risks.

2.2 Technical Foundations

Mori et al. [30] describe three core components of diminished re-
ality: de ning the area of interest to be removed, obtaining or
generating background content to replace it, and compositing the
result into the user's view through tracking and blending.

Obtaining Areas of InteresAreas on objects for diminishing can
be chosen beforehand using marke#s L8 28 39, 4(, manual
selection during study [2, 32, 44], or by object detection [19, 35]

Obtaining Backgrounddbtained Background can be recorded
beforehand (by multiperspective recording, 4, 30, by 3D scan
of the environment P, 19, 37 or using images from public sources
[24)), realtime recording (L7, 31, 49) or plausible (generative)
inpainting (Algorithmic methods: {, 12 13 39, Generative Al:
[5,6,9, 11, 14 16 22 23 36 37,41, 48 51)). It is also feasible to
disregard background obtainment, and diminish objects by simply
overlaying digital shapesq1], or diminishing visual vectors of a tar-
geted object, e.g. saliency and saturati@ or potentially replace
it with desired template imagery, (e.g. forest), which does not seem
to have been done before. The described methods di er primarily
in visual realism, informational accuracy, and the (temporal) cost
of acquisition, as well as exibility in adapting to arbitrary scenes.
A combination of methods is possible and promising, and has been
done in the past [20]

Considerations on Compositi@enerating a plausible background
for an object itself is, in many cases, insu cient, as the object leaves
ambient information in the form of shadows, re ections, etc., which
might not be targeted by the user or an automation. Similarly, in
the event of changes to the light level or white balance, the applied
augmentation might no longer hold up and become visible as such.
Kawai et al [18] applied information from the surrounding area of
a marked area to mitigate these issues. Another consideration in
head-mounted mixed reality is residual depth information. It might
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not be su cient to simply overlay or inpaint 2D information, as it
would be in a picture. Gsaxner et.dlL1] designed a technique for
"Structure-Aware RGB-D Inpainting”, which not only reconstructs
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2.5 Applications Ethics and Risks

In Cheng et als study [2], users themselves could choose which
objects to diminish while performing a simple task (including a

the RGB visual data of the selected area but also regenerates a depthphysical one). Their reports con rm that users strongly prefer

mesh from the surrounding depth context.

2.3 Investigated Use Cases

Removal of obstruction®ne of the most plausible use cases for
diminished reality is indoor renovation, which has been studied
by Zhu et al., who used a panoramic came#&j[and generative
adversarial networks$Q to reconstruct background information
and remove walls and objects in indoor planning. Similarly, DR has
been investigated by Inoue et alLlf for outdoor environmental
planning, focusing on improving tracking robustness, and Kid®J[
extended the approach with automatic dimming of movable objects
and people entering the scene. Mori et f31]developed a multiper-
spective recording technique to remove power tools from a user's
hand, and Taylor et al[45] diminished a robotic arm controlled
by the user; however, they found that these approaches o ered
no signi cant bene ts and increased perceived mental demand.
Lindemann and Rigol|25] reduced opacity on cars to increase dri-
vers' awareness of their surroundings in a virtual scene in a CAVE
simulator, with positive results.

Removal of distractionkee et al. 1] projected AR objects to
diminish the potentially distracting smartphone and investigated
the e ects of di erent visual qualities; this reduced distraction de-
spite appearing clearly arti cial. Murph et al.34 investigate DR
in a virtual assembly task by removing and gradually reintroducing
distractions to help learners adjust to them. Yantag et. &¥] px-
plored the idea of using DR to disburden the minds of individuals
with autism. McDonald 27 conducted a survey on DR in learning
environments, including the e ect on people with ADHD.

Privacy.Tabet et. al.42 44 are developing a framework for mo-
bile diminished reality, which can select, detect and track objects for
diminishing in a 3D-scene while implementing safeguards to keep
it covered during induced uncertainties. Flores and Belor{§ie
and Yagi et al[46] draw from a set of street-view images to remove
pedestrians, granting them more privacy than regular blurring.

2.4 User Perception

A central reference point for our work is Cheng et.al " Towards
Understanding Diminished Reality?], which conducted the rst
empirical exploration of how users perceive and apply DR e ects in

a 3D-immersive scenario. Using VR-based simulations of scanned
environments, they compared opacity adjustment against several
mediated reality alternatives (e.g., blur, desaturation, scaling) across
tasks such as clutter management, search, and privacy protection.
Their ndings show that users strongly prefer opacity and outline

e ects, and that acceptability is shaped by contextual factors such
as mobility, social presence, and risk of collision. A second experi-
ment demonstrated that participants customized DR to reduce the
number of objects by 30 percent, generally avoiding items that
might interfere with movement or social interaction. From these
insights, Cheng et al. distilled design guidelines, emphasizing the
roles of contextual awareness, safety, and user agency in DR.

a sense of agency, e.g., the ability to change the augmentation's
intensity, customize it, or turn it o completely, or at least to have
information about its diminishing e ects. They also see risks of bad
actors hijacking users' devices and manipulating them against their
interests by employing diminishing augmentations without their
noticing. They also highlight the dystopian outlook of DR being
used to diminish people, citing the risk of social exclusion, with a
general aversion of participants to diminish other people.

Mo s et al . [29] points out the risk of using the technology in
dynamic scenes, especially until the technology has fully matured,
as it might accidentally diminish information that could become
relevant in the future due to collision risks. They also highlight
caution about potentially unresearched e ects on the psyche, espe-
cially during prolonged use (e.g., reduced situational awarendsks [
and cognitive performance), and the risks of use in decision-critical
environments, such as nuclear plants and the military.

3 Implementation

In this section, we explain the apparatus (see Figure 1a), the de-
veloped interaction techniques (see Figure 1b), and the processing
pipeline. Additionally, we discuss our system's performance.

3.1 Hardware Architecture

Head-Mounted Display.o facilitate optimal immersion while
simulating the absence of objects and ensuring coverage of aug-
mentations across the entire eld of view, a mixed reality-capable
HMD was deemed the best solution. At the time of research, the
best available device was the Varjo XR-4 headset, o ering a 90 Hz
refresh rate at greater than 4k resolution per eye, with a 120-degree
horizontal eld of view. The high 20 MP per-eye pass-through res-
olution enabled a sharp view of the real world, keeping realism as
close to visual see-through AR as possible.

RGB-D Camera MounAccessing the headset's pass-through
stream was not possible in a su cient manner; thus, a secondary
camera was needed to infer depth data and visual context for in-
painting. Multiple RGB-D cameras were considered, including ZED-
Mini, Intel RealSense, and OAK-D. The OAK-D was chosen for its
good form factor, high resolution, and good dynamic range in depth
mapping. The camera was mounted on a self-designed 3D-printed
mount, with the RGB sensor placed as close as possible to the head-
set's pass-through cameras (i.e., the user's perspective) without
obstructing the user's eld of view.

Hand-Tracking Sensdsecause controllers may not be available
or desirable in many real-world DR scenarios, we used hand track-
ing as the input method, enabling precise selection with a high
degree of freedom. After exploring Varjo-supported hand track-
ing, we found it insu ciently reliable for the selection gestures
required in our prototype and therefore decided to use an external
Leap Motion 2 device. The hand tracker was mounted on the same
3D-printed structure as the camera (see Figure 1a).
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3.2 Interaction Technique was often more chaotic. The LaMa inpainting was, at times, visually

Bimanual Pinch Selectiobisers created the selection by pinch- 0w in detail and sometimes resulted in homogeneous regions of
ing with both hands, with the right cursor above the left cursor, low detail, especially for larger selections, but this was deemed

expanding the rectangle from the center of the eld of view, and  Preferable because it was less salient and distracting.
placing it by releasing the pinch over the target object or area (see 3.3.3 Depth-Aware Re-projectitihile the OAK's depth stream

Fliurg 1|b)' To supporht this |nt9raftllor12, the.S)(/js.temtdlsplgtyetdth\)No o ered a good dynamic range spanning all possible distances of the
sphérical Cursors, each approximately 2 ¢m in diameter, about 2U.cm setup (except very close), it was noisy and unstable. To work around

|nhfront c()jffthe usedr s hands, ar;]d aﬁe”m se(ljectlon bolx. The cursrc])rs this, multiple (20) frames were recorded during the processing of
changed from red to green when both hands were close enough to . inpainting and re ned in 3 steps: 1. averaging over valid values

the center of the eld of view to start a valid selection. (>0.01, <0.15), 2. still missing non-valid values inferred from the

Deletion GesturdJsers could choose between diminishing and ~ closest valid value 3. smoothed by only considering every pixel
restoring by changing the vertical order of the two cursors. Ifthe ~ divisible by 10, which also reduced processing times. Vertices were
left cursor was above the right cursor, releasing the pinch removed shifted up or down depending on the measured depth to account for
an existing diminished region, indicated by a blue selection box (see the slight di erence in perspective between the mounted camera
Figure 2). For restoration, the system checks whether the center and the headset's passthrough cameras. Examples of generated
vertex of an existing diminished mesh lies within the selection box; inpaintings and nal overlays are shown in Figure 4.
if so, the entire mesh is deleted, and the original view is restored.

3.4 System Performance & Limitations
3.3 Processing Pipeline A practical limitation of our prototype is that it relied on additional

Upon the user selecting an area for diminishment, the system gen- Sensing hardware rather than solely on the headset's buiilt-in ca-
erates a mask corresponding to the selected region and projects it pabilities. Although the Varjo XR-4 supports hand tracking, the
onto the RGB-D camera view. The mask and RGB image are sent to Varjo-supported hand-tracking pipeline was not su ciently reliable
the inpainting server, while the system collects and smooths depth for the selection gestures required in our prototype. We therefore
data during inpainting. After inpainting and depth processing are  used an externally mounted Leap Motion 2 device to obtain more
complete, the system generates a mesh at the selected location stable hand input that could be integrated into our custom inter-
and scale. This mesh displays a depth-aware relief of the inpainted action and processing pipeline. Similarly, access to the headset's
region with faded edges for improved blending (see Figure 1b, 3, 4). native passthrough camera streams and depth information was
limited by the available APIs and platform restrictions. As a result,
3.3.1 Mask Generatiolo generate the mask, the system treats \ye ysed an additional RGB-D camera for live scene capture and
the two cursors as opposing corners of a rectangle that remains  gepth sensing. This con guration enabled us to demonstrate live,
upright relative to the user's eld of view. The projection from the  ser-controlled diminished reality, but it also introduced practical
cursor's 3D coordinates to 2D coordinates on the RGB-D camera constraints. The externally mounted devices increased the setup's
feed was performed using polar coordinates relative to the center physical complexity and may have a ected headset comfort, weight
of the user's eld of view. A black-and-white mask image with a distribution, and perceived encumbrance.
rectangle in place of the selection would be generated and sentto  The current implementation is also constrained by processing
the inpainting server, along with the OAK-D camera’s RGB image. |atency and viewpoint stability. The full processing pipeline, from
placing the selection to displaying the smoothed, edge-faded, dimin-
ished mesh, took approximately 3 seconds on average. During this
time, the system displayed a waiting icon to encourage participants
to keep their head still, as head movement could introduce misalign-
ment between the captured RGB-D data, the generated inpainting,
and the rendered diminished region (see Figure 3). This constraint
limits the current prototype to relatively static scenes and short
periods of viewpoint stability. While this was acceptable for our
controlled study setup, future mobile or wearable DR systems wiill
require lower latency and more robust handling of head move-
ment, dynamic objects, and changing lighting conditions. Further
limitations arise from the selection and reconstruction approach.
Object selection was based on rectangular cropping rather than
semantic segmentation, which made the interaction simple and fast
but reduced precision. As a result, selections could include parts
of the surrounding background or fail to align closely with object
] ) o boundaries. The lack of object-aware segmentation also limited the
Figure 2: Deletion Gesture: When the selection is released system's ability to distinguish foreground objects from adjacent
over a diminished area, the system removes it and restores surfaces. In addition, the delity of the diminished regions was af-
the original view. fected by di erences in color balance, white-balance changes, slight

3.3.2 LaMa Inpaintindzor the inpainting itself, the LaMa (Large
Mask) Model §1] was used, as it 0 ered a good tradeo between
realism and processing time. More in-depth di usion models were
considered but not used due to much higher processing times (up to
several seconds) and the tendency to hallucinate unwanted objects
into the inpainted area. The MAT modeRl] was considered as well,

as its processing times were on par with LaMa, but the replacement
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