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Figure 1: Left: the remote person inhabits the blimp through a VR headset and meets a partner’s touch first-person. Right: two
cameras split the roles: a front-facing fisheye camera gives the wearer wide-angle eyes, keeping a reaching hand in view until it
lands, while a rear RGB camera (with a thermal companion) senses that touch as a shadow on the back-lit skin.
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Abstract
Floating things invite touch. We present Feelium, a blimp-based
telepresence platform that enables visual embodiment and touch
interaction through its inflatable skin. Through a VR headset, a
remote person inhabits the blimp, looking out of it first-person,
appearing on its skin as a face or avatar, and steering it through
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the room. Partners in the room pat it, press a palm against it, draw
on it, or lean into it; the skin senses each contact, renders it into
the wearer’s view in VR spaces.Touch thus provides a physical
interaction channel for remote presence, turning the skin into a
shared surface between remote and co-located partners.

CCS Concepts
• Human-centered computing→ Interaction devices; Virtual
reality.
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1 Introduction
People reach out to touch what floats beside them: when Abtahi et
al. wrapped a quadcopter in a safe-to-touch cage, touch leapt from
1.4% to 38.9% of interactions [3]. However, the system cannot pass
the touch back to the person operating the drone. Later haptic and
touchable drones kept the same limits: contact stays fingertip-scale
and transient, sensing lives in external tracking systems, and the
rotors stay loud and dangerous [1, 2, 5, 6, 10].

Blimps are the opposite. They can hover among people for hours
and be touched without risk. Two decades of research have ex-
plored blimps as carriers and screens: tele-embodiment (PRoP [11]),
projected faces [17], flying signage [16], light-field heads (Light-
Bee [20]), ultrasound-positioned midair balloons [4], and flapping-
wing companions built for closeness rather than input [18, 19].
Across these systems the envelope is output-only. Touchable in-
flatables do exist on the ground — hemispherical multi-touch dis-
plays [14], Emoballoon’s unlocalized social touch [8], robot-reeled
tangible balloons [12] — yet none connects the touched surface to a
remote person. Touch, though, is precisely the channel that deep-
ens mediated closeness, from remote handshakes [9] to cortisol-
lowering huggable media and multi-task VR space [13, 15].

Feelium fills this gap: to our knowledge, it is the first to explore
envelope touch in an aerial telepresence context. We contribute: (1)
the Feelium system, which integrates a flying-display blimp plat-
form, first-person VR inhabitation, and an onboard touch-sensing
envelope; (2) a vocabulary of two-party touch interactions between
a co-located partner and the remote person inside; and (3) a prelimi-
nary technical validation of touch sensing on an inflatable envelope.

2 The Feelium System
Blimp. Feelium’s body is a 64 cm indoor helium blimp. Most of the
envelope is blackened to retain helium and reject ambient light;
the light-scattering front face is a rear-projection screen, lit from
inside by a 24.9 g laser projector (Ultimems HD309) through a 180◦
fisheye lens. Four motors under closed-loop control hold a quiet,
stable hover among people, and the complete body weighs 323.7 g
against ∼360 g of buoyant lift.

VR. A remote person puts on an Apple Vision Pro and becomes
the blimp (Figure 1, left). A front-facing fisheye camera serves as
the wearer’s eyes; its wide field keeps a partner’s reaching hand in
view all the way to contact, so a touch arrives on screen rather than
out of frame. The wearer’s face or animated avatar is displayed on
the envelope so partners see who is inside. Six motion commands
(forward, backward, up, down, turn left, turn right) let the wearer
drift, turn, and station the body in the room; control, video, and
speech all travel over HTTP.

Touch. A press from outside casts a shadow in the projector’s
back-light. A second camera at the rear of the blimp (a Raspberry
Pi AI Camera, Sony IMX500) watches the membrane from inside,
pairedwith a 32×24MLX90640-D55 thermal camera (Figure 1, right).
The two split the roles cleanly: the RGB camera makes every touch
decision, while the thermal camera senses only presence. The RGB
shadow pipeline [7] keeps a slowly adapting reference image of
the untouched, back-lit membrane and computes per-pixel relative
shadow depth: the fraction of back-light lost against that reference,
which makes the signal independent of the projector’s uneven
brightness. A shadow counts as touch when it passes either of
two gates. An instant depth gate catches firm presses. A sustained-
anchoring gate takes the rolling minimum of shadow depth over
the past second: a pressing fingertip stays pinned to the membrane,
while a hovering hand wobbles and its shadow momentarily thins.
The fingertip is localized as the centroid of the shadow’s darken-
ing core. A tracker then segments the per-frame decisions into
discrete events (onset to release, with debouncing), distinguishing
tap, hold, and swipe by contact duration and fingertip path length.
The thermal camera complements this. Each frame is differenced
against a slowly adapting ambient baseline, and a cluster of pixels
a few degrees above it reads as a warm body, letting the blimp
notice a hand or partner drawing near before and between contacts.
Thermal frames carry no touch decision (conducted heat through
the membrane is too weak and slow). Each detected touch is ren-
dered as a located marker in the wearer’s first-person view, and the
projector answers at the touched spot.

3 Interacting with an Inhabited Blimp
The skin’s contact primitives, composed over time and area, turn
everyday gestures into conversation between the partner in the
room and the person inside.Greeting pat: taps on the “head” ripple
into the wearer’s view; the envelope returns a warm pulse. Palm-
to-palm: the wearer raises a hand to meet a palm-shaped glow,
two prints merging — held hands without hands. Peck tap: a tap at
the “cheek” blooms a small heart; the wearer can pinch to send one
back. Finger-drawing guess: strokes render live in the wearer’s
view, and a correct guess ignites the drawing. Lean-in hug: sus-
tained large-area contact sets the whole skin glowing in a slow
breathing rhythm. Wearer-initiated: a projected shimmer invites
the partner’s hand, and small motion replies (a drift closer, a gentle
bounce) let the body respond. These exchanges suit settings where
presence, not information, is the payload: a goodnight palm-press
in a couple’s daily call, a drawing game with a child before bed,
or a distant relative drifting through a family gathering as a body
people can pat hello.
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Figure 2: Sustained-anchoring score on labelled contact and
hover clips: contact stays almost entirely above the fitted
threshold; hover keeps dipping below.

4 Preliminary Results
We validated the skin on recordings from the real blimp (Figure 2):
228 labelled trials over three sessions — 138 prompted touches (78
taps, 24 holds, 36 swipes) and 90 negatives (30 hovers, 30 no-contact
hand disturbances, 30 empty scenes) — plus three continuous ∼75 s
clips (steady contact, hovering, empty). Detection: the shadow detec-
tor is sensitive: with a hand present (touching or not), it registered
activity in 171 of 198 trials, and it never fired in the 30 empty scenes.
The hard decision is therefore not seeing the hand but rejecting
near-hovers: thresholding the darkened area alone reaches 95% re-
call but only 77% precision, because a hand hovering just above the
membrane darkens it almost as much as a touch. The sustained-
anchoring gate closes this gap: on the continuous clips its score
separates contact from hover at AUC 0.99, and a threshold fit on
the first 60% of each clip holds 0.90 balanced accuracy on the un-
seen remainder. Localization: the 69 taps and holds with a detected
landing point cluster tightly by prompted target (RMS spread 4–
21 px, median 9 px in the detector’s 640×480 working resolution);
coordinates are camera-space, as screen-to-camera calibration is
future work. The pipeline runs onboard at ∼15 fps. Current limits:
results are from dim-room lighting and one rectangular “sensitive
skin patch” of the envelope.

5 Conclusion and Future Work
Feelium enables touchable, inhabitable aerial telepresence, inte-
grating an onboard touch-sensing envelope with first-person VR
embodiment for two-party social touch. A preliminary technical
validation provided early evidence of the system’s feasibility and
potential, motivating a dyadic evaluation of social presence with the
full touch loop as well as whole-envelope sensing, haptic feedback
to the wearer, and gesture-piloted flight. Running fully onboard a
quiet indoor blimp, this work hopes to give remote presence a body
that invites touch, bringing separated partners and families within
arm’s reach.

Acknowledgments
This work was supported by the University Development Fund
of The Chinese University of Hong Kong, Shenzhen under Grant
UDF01003513.

References
[1] Muhammad Abdullah, Minji Kim, Waseem Hassan, Yoshihiro Kuroda, and

Seokhee Jeon. 2017. HapticDrone: An Encountered-Type Kinesthetic Haptic
Interface with Controllable Force Feedback. In Adjunct Proceedings of the 30th An-
nual ACM Symposium on User Interface Software and Technology. ACM, 115–117.
doi:10.1145/3131785.3131821

[2] Parastoo Abtahi, Benoit Landry, Jackie Yang, Marco Pavone, Sean Follmer, and
James A. Landay. 2019. Beyond The Force: Using Quadcopters to Appropriate
Objects and the Environment for Haptics in Virtual Reality. In Proceedings of the
2019 CHI Conference on Human Factors in Computing Systems. ACM. doi:10.1145/
3290605.3300589

[3] Parastoo Abtahi, David Y. Zhao, Jane L. E, and James A. Landay. 2017. Drone
Near Me: Exploring Touch-Based Human-Drone Interaction. Proceedings of the
ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies 1, 3, Article 34
(2017). doi:10.1145/3130899

[4] Takuro Furumoto, Takumi Kasai, Masahiro Fujiwara, Yasutoshi Makino, and
Hiroyuki Shinoda. 2021. Midair Balloon Interface: A Soft and Lightweight
Midair Object for Proximate Interactions. In Proceedings of the 34th Annual
ACM Symposium on User Interface Software and Technology. ACM, 783–795.
doi:10.1145/3472749.3474786

[5] Antonio Gomes, Calvin Rubens, Sean Braley, and Roel Vertegaal. 2016. Bit-
Drones: Towards Using 3D Nanocopter Displays as Interactive Self-Levitating
Programmable Matter. In Proceedings of the 2016 CHI Conference on Human Factors
in Computing Systems. ACM, 770–780. doi:10.1145/2858036.2858519

[6] Matthias Hoppe, Pascal Knierim, Thomas Kosch, Markus Funk, Lauren Futami,
Stefan Schneegass, Niels Henze, Albrecht Schmidt, and Tonja Machulla. 2018.
VRHapticDrones: Providing Haptics in Virtual Reality through Quadcopters.
In Proceedings of the 17th International Conference on Mobile and Ubiquitous
Multimedia. ACM, 7–18. doi:10.1145/3282894.3282898

[7] Nobuyuki Matsushita and Jun Rekimoto. 1997. HoloWall: Designing a Finger,
Hand, Body, and Object Sensitive Wall. In Proceedings of the 10th Annual ACM
Symposium on User Interface Software and Technology. ACM, 209–210. doi:10.
1145/263407.263549

[8] Kosuke Nakajima, Yuichi Itoh, Yusuke Hayashi, Kazuaki Ikeda, Kazuyuki Fujita,
and Takao Onoye. 2013. Emoballoon: A Balloon-Shaped Interface Recognizing
Social Touch Interactions. In Advances in Computer Entertainment (ACE 2013)
(LNCS, Vol. 8253). Springer, 182–197. doi:10.1007/978-3-319-03161-3_13

[9] Hideyuki Nakanishi, Kazuaki Tanaka, and Yuya Wada. 2014. Remote Handshak-
ing: Touch Enhances Video-Mediated Social Telepresence. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. ACM, 2143–2152.
doi:10.1145/2556288.2557169

[10] Kei Nitta, Keita Higuchi, and Jun Rekimoto. 2014. HoverBall: Augmented Sports
with a Flying Ball. In Proceedings of the 5th Augmented Human International
Conference. ACM, Article 13. doi:10.1145/2582051.2582064

[11] Eric Paulos and John Canny. 1998. PRoP: Personal Roving Presence. In Proceedings
of the SIGCHI Conference on Human Factors in Computing Systems. ACM, 296–303.
doi:10.1145/274644.274686

[12] Alan Pham, Yuxiao Li, Miyu Fukuoka, and Ken Nakagaki. 2025. Buoyancé:
Reeling Helium-Inflated Balloons with Mobile Robots on the Ground for Mid-Air
Tangible Display, Interaction, and Assembly. In Proceedings of the 38th Annual
ACM Symposium on User Interface Software and Technology. ACM, Article 174.
doi:10.1145/3746059.3747768

[13] Jing Qian, George X Wang, Xiangyu Li, Yunge Wen, Guande Wu, Sonia Castelo
Quispe, Fumeng Yang, and Claudio Silva. 2025. DuoZone: A User-Centric,
LLM-Guided Mixed-Initiative XR Window Management System. arXiv preprint
arXiv:2511.15676 (2025).

[14] Andrew Stevenson, Christopher Perez, and Roel Vertegaal. 2011. An Inflat-
able Hemispherical Multi-touch Display. In Proceedings of the Fifth International
Conference on Tangible, Embedded, and Embodied Interaction. ACM, 289–292.
doi:10.1145/1935701.1935766

[15] Hidenobu Sumioka, Aya Nakae, Ryota Kanai, and Hiroshi Ishiguro. 2013. Hug-
gable Communication Medium Decreases Cortisol Levels. Scientific Reports 3,
Article 3034 (2013). doi:10.1038/srep03034

[16] Hiroaki Tobita. 2014. Aero-screen: Blimp-based Ubiquitous Screen for Novel
Digital Signage and Information Visualization. In Proceedings of the 29th Annual
ACM Symposium on Applied Computing. ACM. doi:10.1145/2554850.2555052

[17] Hiroaki Tobita, Shigeaki Maruyama, and Takuya Kuji. 2011. Floating Avatar:
Blimp-based Telepresence System for Communication and Entertainment. In
ACM SIGGRAPH 2011 Emerging Technologies. ACM, Article 4. doi:10.1145/2048259.
2048263

[18] Mingyang Xu, Yulan Ju, Qing Zhang, Christopher Changmok Kim, Qingyuan
Gao, Yun Sun, Yun Suen Pai, and Kouta Minamizawa. 2025. Spread Your Wings:
Demonstrating a Soft Floating Robotic Avatar with Flapping Wings. In ACM
SIGGRAPH 2025 Emerging Technologies. ACM. doi:10.1145/3721257.3734034

[19] Mingyang Xu, Jiayi Shao, Yulan Ju, Ximing Shen, Qingyuan Gao, Weijen Chen,
Qing Zhang, Yun Suen Pai, and Kouta Minamizawa. 2025. Cuddle-Fish: Ex-
ploring a Soft Floating Robot with Flapping Wings for Physical Interactions.
In Proceedings of the Augmented Humans International Conference 2025. ACM.
doi:10.1145/3745900.3746080

[20] Xujing Zhang, Sean Braley, Calvin Rubens, Timothy Merritt, and Roel Vertegaal.
2019. LightBee: A Self-Levitating Light Field Display for Hologrammatic Telep-
resence. In Proceedings of the 2019 CHI Conference on Human Factors in Computing
Systems. ACM. doi:10.1145/3290605.3300242

https://doi.org/10.1145/3131785.3131821
https://doi.org/10.1145/3290605.3300589
https://doi.org/10.1145/3290605.3300589
https://doi.org/10.1145/3130899
https://doi.org/10.1145/3472749.3474786
https://doi.org/10.1145/2858036.2858519
https://doi.org/10.1145/3282894.3282898
https://doi.org/10.1145/263407.263549
https://doi.org/10.1145/263407.263549
https://doi.org/10.1007/978-3-319-03161-3_13
https://doi.org/10.1145/2556288.2557169
https://doi.org/10.1145/2582051.2582064
https://doi.org/10.1145/274644.274686
https://doi.org/10.1145/3746059.3747768
https://doi.org/10.1145/1935701.1935766
https://doi.org/10.1038/srep03034
https://doi.org/10.1145/2554850.2555052
https://doi.org/10.1145/2048259.2048263
https://doi.org/10.1145/2048259.2048263
https://doi.org/10.1145/3721257.3734034
https://doi.org/10.1145/3745900.3746080
https://doi.org/10.1145/3290605.3300242

	Abstract
	1 Introduction
	2 The Feelium System
	3 Interacting with an Inhabited Blimp
	4 Preliminary Results
	5 Conclusion and Future Work
	Acknowledgments
	References

