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Figure 1: An overview of Arque, (A) an artificial bio-mimicry tail for on-body force presentation that allows to (B) provide
active balancing to the wearer, and (C) can be used as haptic feedback to present virtual forces.

ABSTRACT
For most mammals and vertebrate animals, tail plays an important
role for their body providing variant functions to expand their mo-
bility, or as a limb that allows manipulation and gripping. In this
work, Arque, we propose an artificial biomimicry-inspired anthro-
pomorphic tail to allow us alter our body momentum for assistive,
and haptic feedback applications. The proposed tail consists of ad-
jacent joints with a spring-based structure to handle shearing and
tangential forces, and allow managing the length and weight of
the target tail. The internal structure of the tail is driven by four
pneumatic artificial muscles providing the actuation mechanism for
the tail tip. Here we highlight potential applications for using such
prosthetic tail as an extension of human body to provide active
momentum alteration in balancing situations, or as a device to alter
body momentum for full-body haptic feedback scenarios.
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1 INTRODUCTION
The tail is an organ commonly held by many vertebrate animals,
and the role played by the tail varies depending on animals. At the
same time, however, the tail has a common role to control the sense
of equilibrium. When a cat loses its balance, it controls the center
of gravity by swinging the tail [Walker et al. 1998]. In addition,
capuchins who carry objects by biped locomotion actively control
the tail, plus the tail and its extension become an essential role
for balancing the body during load transport [Massaro et al. 2016].
Thus the tail becomes an active limb similar to the arms and legs
with its dedicated functions.

Mankind considerably changed the form of their pelvis in the
process of quadruped locomotion with the ease of stability of our
center of gravity, and upright biped locomotion [Gruss and Schmitt
2015]. On the flat ground in everyday life, there is no shortage in
maintaining the equilibrium of the body, but it becomes difficult
to demonstrate the balancing ability in environments with poor
footing. Also, vestibular sensory end organs gradually worsen with
aging, and there is also a problem that old people tend to fall over
easily [Zalewski 2015], resulting in potential damage to their body.
What if our bodies were capable of integrating a functional tail to
emulate some of the functions presented in nature, or even use it
for different scenarios.

In this work, we demonstrate an anthropomorphic tail device
that is capable of presenting forces to our body as shown in Figure
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Figure 2: Proposed artificial tail structure, and an individual
vertebrae with four embedded pneumatic artificial muscles.

1. Also, the design of this proposed tail is fluid and customizable in
length to present varies degrees of forces to the center of gravity
of our body. We show here some possible applications for body
augmentation, or as an ungrounded haptic feedback device.

2 RELATEDWORK
Previous research has investigated the methods and approaches
to alter body structure through artificial wearable robotics. For
example, Sixth-Finger [Prattichizzo et al. 2014] explored the use of
an extra artificial finger to enhance hand’s grip. [Saraiji et al. 2018]
proposed an approach to increase the number of arms by substi-
tuting legs to artificial limbs. Furthermore, research on artificial
tail interaction has also explored some potential applications for
integrating the tail into our body, which was mainly for expressive
applications. GIO [Ujima et al. 2015] used electromyography (EMG)
sensors that were attached to the buttocks muscles to control the
tail motion. Shippo1 used electroencephalogram (EEG) signals to
detect some basic emotions (surprise, sad, anger, ...etc) to actuate
an artificial tail accordingly.

Here, we are focusing on the use of the tail as a body exten-
sion that passively provides forces for balance applications, or as a
momentum haptic actuator.

3 PROSTHETIC TAIL DESIGN
The design of the proposed tail is highly inspired by the structure
of the seahorse tail. The tail should have a weight adjustable design
to accommodate different body weights. To present the thrust that
affects the change in the center of gravity of the user, it is required
that the tail unit has enough weight to alter the momentum (about
5% of body weight).

The model used in this work was inspired by the plate and verte-
bral design modeled with reference to existing studies [Porter et al.
2015]. In this prototype, the tail unit consists of a variant number of
joint units to produce. Each joint consists of four protective plates
and one weight adjustable vertebrae. At each joint, the plates are
linked together using elastic cords, while the vertebrae are attached
to them using a spring mechanism to mimic the resistance to trans-
verse deformation and compressibility of a seahorse skeleton, and
also to support the tangential and shearing forces generated when
the tail actuates. Each vertebra embeds four chamber slots to insert
1http://neurowear.com/projects_detail/shippo.html

the artificial muscles into them as shown in Figure 2. The four
muscles used in this design allow controlling the tail along with
eight different directions. Air compressor with up to 0.8 Kpa is used
to actuate the muscles.

4 APPLICATIONS
4.1 Limb for Body Balance
We consider the role of the tail the improvement of equilibrium
maintenance capability. In this application, the force generated
by swinging the tail can change user’s center of gravity position.
A wearable body tracker mounted on the upper body of the user
estimates the center of gravity, and accordingly actuates the tail.
Figure 1 (B) shows the case of using the tail mounted on the waist
of the user to alter the balance.

4.2 Full-body Haptic Feedback
A different approach for using the tail other than equilibrium main-
tenance is to change the center of mass of the user to off-balance
posture. This can help to generate full body forces depending on
the point of attachment of the tail, and can be used with applica-
tions such as in virtual reality. Also, one of the main benefits of
using a tail to achieve such experience is the tail considered as an
ungrounded system, and does not requires external mounting point.
In Figure 1 (C) the tail is attached to the back of the user to provide
momentum changes on the upper side of the body when the user
experience strong virtual wind in virtual reality.

ACKNOWLEDGMENTS
This project is supported by JST Kakenhi (HH19177), and JST AC-
CEL Embodied Media Project (JPMJAC1404), Japan.

REFERENCES
Laura Gruss and Daniel Schmitt. 2015. The evolution of the human pelvis: Changing

adaptations to bipedalism, obstetrics and thermoregulation. Philosophical trans-
actions of the Royal Society of London. Series B, Biological sciences 370 (03 2015).
https://doi.org/10.1098/rstb.2014.0063

Luciana Massaro, Fabrizio Massa, Kathy Simpson, Dorothy Fragaszy, and Elisabetta
Visalberghi. 2016. The strategic role of the tail inmaintaining balancewhile carrying
a load bipedally in wild capuchins (Sapajus libidinosus): a pilot study. Primates 57
(01 2016). https://doi.org/10.1007/s10329-015-0507-x

Michael Porter, Dominique Adriaens, Ross L Hatton, Marc Meyers, and Joanna Mckit-
trick. 2015. Why the seahorse tail is square. Science (New York, N.Y.) 349 (07 2015).
https://doi.org/10.1126/science.aaa6683

Domenico Prattichizzo, Monica Malvezzi, Irfan Hussain, and Gionata Salvietti. 2014.
The Sixth-Finger: a Modular Extra-Finger to Enhance Human Hand Capabilities.
Proceedings - IEEE International Workshop on Robot and Human Interactive Commu-
nication 2014. https://doi.org/10.1109/ROMAN.2014.6926382

MHD Yamen Saraiji, Tomoya Sasaki, Kai Kunze, Kouta Minamizawa, and Masahiko
Inami. 2018. MetaArms: Body Remapping Using Feet-Controlled Artificial Arms. In
The 31st Annual ACM Symposium on User Interface Software and Technology. ACM,
65–74.

Kaori Ujima, Azusa Kadomura, and Ichiro Sio. 2015. GIO: Artificial Tail To Redevelop
Vestigial Functions. IPSJ Interaction 2015, 349–354.

Curt Walker, Charles J. Vierck Jr., and Louis A. Ritz. 1998. Balance in the cat: role of
the tail and effects of sacrocaudal transection. Behavioural Brain Research 91, 1-2
(March 1998), 41–47. https://doi.org/10.1016/S0166-4328(97)00101-0

Christopher K. Zalewski. 2015. Aging of the Human Vestibular System. Seminars in
hearing 36 3 (2015), 175–96.

https://doi.org/10.1098/rstb.2014.0063
https://doi.org/10.1007/s10329-015-0507-x
https://doi.org/10.1126/science.aaa6683
https://doi.org/10.1109/ROMAN.2014.6926382
https://doi.org/10.1016/S0166-4328(97)00101-0

	Abstract
	1 Introduction
	2 Related Work
	3 Prosthetic Tail Design
	4 Applications
	4.1 Limb for Body Balance
	4.2 Full-body Haptic Feedback

	Acknowledgments
	References

