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1. Abstract

Virtual reality (VR) offers immersive experiences but of-
ten lacks physical feedback. In this work, we propose a
novel technique that enables everyday objects to provide
variable haptic feedback in VR. By reconstituting virtual
objects with parts of physical props, we demonstrated that
participants tend to grasp the re-composed objects by their
newly manipulable parts. This method expands the range
of physical feedback achievable with everyday passive ob-
jects. Furthermore, by implementing a part segmentation
algorithm using a geometric approach, our project achieves
automatic segmentation of both virtual and physical objects.
Our user study revealed that these re-composed VR objects
significantly enhance the haptic experience for users. We
concluded the paper with a discussion of limitations and fu-
ture directions.

2. Introduction

Through Virtual Realty (VR), individuals immerse them-
selves in environments beyond their physical surroundings
and embody virtual representations that are different from
their own body appearances. These immersive environ-
ments offered by VR unleash new opportunities for learn-
ing, entertainment, and social interactions.

With the increasing popularity and availability of com-
mercial VR headsets, such as the Meta Quest and HTC
VIVE, a significant challenge remains unsolved: deliver-
ing realistic haptic feedback within virtual environments.
Haptic technology aims to recreate the sense of touch by
applying forces, vibrations, or motions to the user, thereby
enhancing the overall immersion and realism of virtual ex-
periences. Despite its potential, the widespread adoption of
haptic feedback devices has been limited. These devices are
often perceived as bulky and expensive, making them less
accessible to general users. Consequently, the challenge lies
in developing more user-friendly and cost-effective haptic
solutions to bring this technology into everyday use and
maximize its potential in various applications.

In this work, we aim to explore the possibility of using

everyday objects—items already present in the user’s envi-
ronment—to provide haptic feedback in virtual reality. By
leveraging common household objects, we hope to make
haptic feedback more accessible and cost-effective for a
wider range of users. However, a significant challenge in
using daily objects for haptic feedback in VR is that phys-
ical objects are constrained by their static physical shapes,
while virtual objects are dynamic and can change over time.
For instance, you might see a virtual mug in front of you in
VR but only have a physical scissor as prop. This discrep-
ancy limits the capability of the physical scissor to provide
realistic feedback for a VR mug.

Therefore, we focus on scenarios where there is a dis-
crepancy between the shapes of physical props and their
virtual counterparts. How can we achieve not only a one-to-
one mapping of passive objects to virtual objects for accu-
rate physical feedback put also enable these passive objects
to provide variable feedback for multiple virtual objects?
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Figure 1. A demonstration of recomposing affordance of virtual
and physical objects.

In this project, we propose to integrate the affordances
of virtual and physical objects to enable the same physical
objects to provide haptic feedback for various virtual ob-
jects in VR, shown in Figure 1. Here, “affordance” refers
to the manipulable part of an object (e.g., the handle of a
mug). By leveraging the heuristic that people tend to grasp
objects following predictable patterns on certain manipula-
ble parts, we hypothesize that objects with a re-composed



manipulable part will still be grasped on this new part. By
composing the affordance part of a physical object with the
virtual object while preserving the semantic meaning of the
virtual object, we aim to allow physical objects to provide
haptic feedback for multiple virtual objects. This approach
could enhance the versatility and practicality of using ev-
eryday objects for haptic feedback in virtual environments

To demonstrate the general concept, we visualize an ex-
ample of affordance recomposition in Figure 1.

3. Related Work

To enhance physical feedback in virtual reality, one
prominent direction is to leverage physical objects in every-
day environment to provide touch feedback for virtual ob-
jects, so-called “passive haptics” [8,9]. By utilizing every-
day objects, users can interact with virtual items and receive
rich tactile feedback—such as texture, softness, and temper-
ature—from the real objects, making it feel as though the
sensations are coming from the virtual items [6].

Early work in passive haptics, such as the research con-
ducted by Hinckley et al. [8] and Hoffman et al. [9], fo-
cused on the registration of physical objects to virtual ob-
jects. Those foundational work explored how real-world
items could be precisely aligned and integrated with virtual
counterparts to create a cohesive and immersive VR expe-
rience. The concept relied on the idea that if a user touches
or manipulates a physical object, the virtual environment
would reflect this interaction accurately, thus enhancing the
sense of immersion and realism.

To further develop and generalize the technique of pas-
sive haptics, Cheng et al. [3] proposed a set of haptic prox-
ies. These proxies used a general passive prop, which could
be adapted to represent various virtual objects in a VR en-
vironment. This innovation aimed to provide a more ver-
satile and scalable approach to integrating passive haptics
into VR, allowing for a broader range of interactions and
experiences.

The mapping between the virtual and physical worlds
can range from single objects to entire rooms. For instance,
Sra et al. [13] and Shapira et al. [12] proposed systems that
scan and reconstruct users’ surroundings. These systems
allow daily objects to serve as haptic props, seamlessly in-
tegrating the user’s immediate environment into the VR ex-
perience. This capability transforms everyday items into in-
teractive elements within the virtual world. RealityCheck,
developed by Wilson et al. [14], offers another innovative
approach by combining 3D reconstruction of the real world
with the virtual environment. This method not only maps
physical space into virtual reality but also supports free VR
locomotion. Users can move around their physical envi-
ronment while experiencing a seamlessly integrated virtual
world, enhancing the sense of presence and spatial aware-
ness. Additionally, VRoamer, created by Cheng et al. [4],

enables users to walk in unseen physical spaces. The system
dynamically generates a virtual scene on-the-fly, allowing
users to explore new and uncharted virtual territories while
navigating their real-world environment safely.

Sensory VR, introduced by Harley et al. [ 7], extended the
exploration of passive haptics by incorporating the senses of
smell and taste. This approach bridges the gap between the
everyday environment and virtual reality, providing a multi-
sensory experience that includes not just touch but also ol-
factory and gustatory feedback.

While passive haptics provide touch feedback in a low-
cost and accessible manner, they suffer from being static,
which do not always satisfy the need for dynamic virtual
scenes. VR scenes often change dynamically, creating ex-
perience beyond real-world interactions [1]. In this work,
we focus on extending the capability of passive objects to
provide not only one-to-one mapping to a virtual object but
also variable haptic feedback.

4. Approach

The primary problem statement of this project is to de-
termine whether objects with recomposed parts will be
grasped on the substituted manipulable part when used with
a functional intent. If validated as true, the same physical
object (e.g., a scissor) could then provide haptic feedback
for both its virtual counterpart (e.g., a virtual scissor) and
the corresponding recomposed virtual objects (e.g., a mug
with a scissor handle). Such a technique preserves the func-
tional meaning of the target objects while only swapping
the graspable parts to enable everyday objects to provide
variable feedback.

To explore this technique, we began with a grasping pat-
tern analysis to determine if there is a predictable behavior
pattern for object grasping with a functional intent. Next,
we conducted a preliminary user perception test to see if
users would interact with re-composed objects on the re-
composed manipulable parts. Following this, we imple-
mented a segmentation algorithm to achieve automatic seg-
mentation of multi-part objects. Finally, we utilized re-
composed objects in VR to understand the effect of recom-
posing affordance on the haptic experience.

4.1. Grasping Pattern Analysis

An underlying assumption behind the proposed tech-
nique is that people grasp objects in a predictable pattern.
We first analyzed the grasping behavior provided in the
ContactPose dataset [2] to validate this assumption. Con-
tactPose contains 2306 unique grasps of 25 household ob-
jects grasped with two functional intents by 50 participants.
We chose this dataset because it provides hand-object con-
tact paired with hand pose and object pose. Such datasets
help us understand if there are common grasping patterns
and manipulable parts of each provided object.
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Figure 2. Analysis of common grasping pattern of objects in ContactPose [2].

We applied the clustering algorithm Hierarchical
Density-Based Spatial Clustering of Applications with
Noise (HDBSCAN) on the hand pose data to derive each ob-
ject’s most common grasping pattern, as shown in Figure 2.
Note that the total number of grasps for each object varies
because not all 50 individuals interacted with all 25 objects
during the data collection process.

For 24 out of 25 objects, there exists a grasping pose
agreed upon by more than half of the individuals who
grasped the object in the data collection. For the object
without a majority consensus (i.e. wine glass), half of the
participants hold it on the step while the other half hold it
on the bowl. The objects with the highest majority votes
for grasping is binocular (97.8%), mug (95.5%), mouse
(95.7%) and pan (86.4%).

It’s also shown that objects with a multi-part structure
(e.g., a teapot or a pan with a handle) elicit a stronger con-
sensus on grasping behavior compared to objects with a sin-
gle structure (e.g., an apple).

The grasping analysis results showed a predictable
grasping behavior pattern given a functional intent. It pro-
vides grounding to the proposal of recomposing parts of
physical to virtual objects to provide variable feedback.
This analysis helps us select an initial set of objects to start
with for experimenting on the part recomposition. The ini-
tial set of the 3D models selected are binoculars, door han-
dles, mugs, knives, and scissors, as shown in Figure 3.

To get an understanding of how people interact with ob-

jects with recomposed affordance, we manually segmented
the graspable part of each object following the dataset anal-
ysis results and recomposed it onto the mug object. This
results in 3D models as shown below in Figure 3.
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Figure 3. Selected 3D models for further exploration.

4.2. User Interaction with Re-composed Objects

With the grasping analysis completed, the next ques-
tion is how users will interact with recomposed objects and
whether they will grasp these objects by their recomposed
parts under a functional intent. To investigate this, a prelim-
inary user evaluation is needed.

To address this, we conducted a pilot study with one par-
ticipant to gain initial insights into how people interact with
objects featuring recomposed affordances. The participant
was invited to the lab and presented with nine objects—five
original (base) objects and four recomposed objects—one
by one in a randomized order. They were instructed to grasp



each object as they would intend to use it. To mitigate the
novelty effect, the entire process was repeated twice.

During the study, the participant’s grasping behavior was
recorded using a webcam, with a hand pose estimation al-
gorithm [! 1] running in real-time. This setup allowed us to
capture detailed data on how the participant interacted with
both the original and recomposed objects, providing valu-
able insights into whether the recomposed affordances in-
fluenced their grasping patterns. The findings from this pilot
study will inform us about user perception of re-composed
objects and validate if people will interact with the recom-
posed objects on the new manipulable parts.

We found that in all four recomposed cases, the partic-
ipant grasped the recomposed objects following the affor-
dance indicated by the new manipulable part in both trials.
While participants grasped the new manipulable parts con-
sistently, the exact grasping behavior might vary by trial.
An example is the mug with a scissor handle case, shown
in Figure 4. This initial pilot confirmed that objects with
recomposed affordance will be grasped on the substituted
manipulable part when used with a functional intent.
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Figure 4. Grasping behavior from initial pilot

After the task, the participant also shared their experi-
ence interacting with the object. Participant reported that
all base objects (no recomposition) were intuitive grab. The
recomposed objects were novel to interact with and some
of more intuitive than others to grab. The participant was
confident about how to grab the knife-mug and knob-mug
recomposition but unsure about the scissor mug:“I want to
grab it like a scissor handle, but it felt weird. Should I for-
get that it is a scissor, or should I grab it like with my finger
in between?” While recomposed objects might cause confu-
sion at first sight, participants generally find the experience
to be fun and interesting.

4.3. Segmentation Algorithm

With validation of the common grasping pattern and
user perception of re-composed objects, we are now ready
to implement the segmentation pipeline. We implemented
the segmentation algorithm based on the method proposed
in Hierarchical Mesh Decomposition using Fuzzy Cluster-
ing and Cut [10].

4.3.1 Initialization and Data Reading

The segmentation process begins with reading a 3D model
from a PLY file, extracting vertices and face data. Each face
of the mesh is represented by three vertices, and the normal
vector of each face is computed. This step sets up the initial
data structures required for further processing.

4.3.2 Neighbor Computation

Next, the algorithm computes information about neighbor-
ing faces for each face in the mesh. This involves creating
edges from face vertices and identifying pairs of faces that
share an edge. For each neighboring pair of faces, the algo-
rithm calculates the angular distance and the geodesic dis-
tance. These distances are combined into a weighted metric
that reflects the overall similarity between faces. This step
establishes the relationships between adjacent faces, which
is crucial for segmentation.

4.3.3 Shortest Path Calculation

After computing neighbor information, the algorithm cal-
culates the shortest paths between all pairs of faces using
Dijkstra’s algorithm. This is done in parallel to speed up
the process. The shortest paths are stored in a distance ma-
trix, which will be used later to determine face segments
based on proximity and connectivity. We ensure that the al-
gorithm can efficiently find and use the shortest connections
between any two faces in the mesh.

4.3.4 Segmentation

The segmentation process performs hierarchical segmenta-
tion of the mesh. Initially, representative faces are selected
based on their distances to other faces. The algorithm it-
eratively calculates the probability of each face belonging
to a segment and refines these probabilities. Faces are then
assigned to segments based on the highest probability.

To resolve ambiguous regions where faces do not clearly
belong to a single segment, the algorithm uses a max-flow
method based on the Ford-Fulkerson algorithm. It con-
structs a flow network where each face is a node, and
edges represent connections between neighboring faces.
The max-flow algorithm is used to ensure clear boundaries
between segments by reassigning faces in fuzzy regions.



Then, we refine the segmentation by eliminating ambigu-
ities and ensuring that each face is clearly associated with
a single segment. Finally, the segmented mesh is written to
a PLY file with each segment colored differently for visu-
alization. The final output from segmentation algorithm is
shown in Figure 5.
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Figure 5. Segmentation results from the pipeline

4.4. Understand impact on VR Haptic Experience

With the implementation of the part segmentation
pipeline, we are now prepared to investigate whether the
re-composed virtual objects can actually enhance the hap-
tic experience in VR. To do so, we developed a VR ap-
plication using Unity 3D. In this experiment, participants
were invited to the lab and equipped with a VR headset
(Meta Quest 2) to interact with virtual objects, as shown
in Figure 6. Four physical objects (scissors, mug, knife,
and binoculars) were chosen to provide haptic feedback for
a virtual mug in the VR environment, composing four ses-
sions of interactions.

Figure 6. Implementation of the VR scene.

During each session, participants used one of the physi-
cal objects as a haptic prop. In the session, participants in-
teracted with two versions of the virtual objects: the original
and the recomposed virtual objects. They were instructed to
grab the virtual objects as if they were going to use them.
In the real-world, they always touch with the same physical
objects as the haptic prop. This setup allowed us to evalu-
ate the differences in haptic experience between the original
and recomposed virtual objects.

We conducted the study with a single participant. As
illustrated in Figure 7, the participant generally reported a
stronger sense of haptic realism when interacting with re-
composed VR objects compared to the original VR objects.
This trend was consistent across all four objects the par-
ticipant interacted with. These preliminary findings sug-
gest that recomposing affordances between physical and
virtual objects can enhance the effectiveness of passive hap-
tic props.
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Figure 7. Rated haptic realism from VR study.
5. Future Work

This project serves as a preliminary exploration of en-
abling everyday objects to provide variable haptic feedback
in VR. We see multiple future directions to push forward
this project.

5.1. Affordance Segmentation Using Deep-learning
Approaches

In this work, we achieved part segmentation using a ge-
ometric approach. This method focuses on the spatial and
structural aspects of the objects, allowing us to delineate
various components based purely on their shapes and spa-
tial relationships. However, this geometric solution has its
limitations. It does not consider the semantic meaning of
different parts, which is crucial for understanding and inter-
preting the functionality and interaction potential of these
parts in a meaningful context.

Recently, there has been a growing interest in creating
datasets of hand-object interactions. These datasets are in-
valuable as they capture a wide range of real-world scenar-
ios where individuals interact with various objects, provid-
ing rich data on how different objects are grasped and ma-
nipulated. By analyzing these interactions on a large scale,
we can uncover patterns and regularities in grasping behav-
iors, which can significantly enhance our ability to predict
and model how objects are typically handled.

One promising future direction of this project is the
development and utilization of models like 3D Affor-
danceNet [5]. This model offers a comprehensive frame-
work for understanding and predicting the affordances of
objects in three-dimensional space. By leveraging the data
from hand-object interaction datasets, 3D AffordanceNet
can be trained to recognize and predict various grasping pat-
terns, providing a robust foundation for advancing our un-



derstanding of object manipulation. This approach moves
beyond mere geometric segmentation, incorporating se-
mantic insights that are essential for developing more in-
tuitive and human-like models of object interaction.

5.2. User Evaluation on a Larger Scale

Moreover, the user evaluation in this project is limited
by a very small sample size, which provides only prelimi-
nary insights into the effectiveness and usability of the sys-
tem. While these initial findings are useful, they are not
sufficient to draw definitive conclusions about the broader
applicability and reliability of the approach. Future evalua-
tions should involve a significantly larger number of partic-
ipants to enhance the statistical validity and generalizability
of the findings. A more diverse participant pool will also
help in understanding how the system performs across dif-
ferent user demographics and prior VR experieince. Addi-
tionally, the test environment should better reflect the type
of VR experiences users are likely to engage in, such as
specific games that involve tasks like grasping objects.

6. Conclusion

In this work, we propose a new technique to enable evey-
day objects to provide variable haptic feedback in virtual re-
ality. By recomposing virtual objects with parts of physical
props, we demonstrated that participants will grasp the re-
composed objects by their newly manipulable parts. This
approach enhances the range of physical feedback that can
be achieved using everyday passive objects. Additionally,
by implementing a part segmentation algorithm using a ge-
ometric approach, our project achieves automatic segmen-
tation of virtual and physical objects. Finally, our user study
showed that the re-composed VR objects enhance the haptic
experience for users.
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