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ABSTRACT

We present TanGo, an always-available input modality on VR head-
set, which can be complementary to current VR accessories. TanGO
is an active mechanical structure symmetrically equipped on Head-
Mounted Display, enabling 3-dimensional bimanual sliding input
with each degree of freedom furnished a brake system driven by
micro servo generating totally 6 passive resistive force profiles.
TanGo is an all-in-one structure that possess rich input and output
while keeping compactness with the trade-offs between size, weight
and usability. Users can actively gesture like pushing, shearing, or
squeezing with specific output provided while allowing hands to
rest in stationary experiences. TanGo also renders users flexibility
to switch seamlessly between virtual and real usage in Augmented
Reality without additional efforts and instruments. We demonstrate
three applications to show the interaction space of TanGo and
then discuss its limitation and show future possibilities based on
preliminary user feedback.
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Figure 1: TanGo provides 3-dimensional input on both right
and left side with resistive force output coupling through
the brake system.

1 INTRODUCTION

VR/AR has recently brought us unprecedented experiences and ad-
vanced progressively from physically onerous instrumentations (e.g.
HTC Vive [2]) to now standalone Head-Mounted Display(HMD)
(e.g. Oculus Go [5]) with hand-tracking technologies enabled (e.g.
Oculus Quest [4]). Moreover, the smartphone-based VR, called no-
madic VR by Gugenheimer et al [12-14], is under development and
allow users to access Immersive Virtual Environments (IVEs) by its
omnipresence. However, little of above-mentioned examples take
advantage of spaces of HMD as input.

Increasing HMD Input Modalities. Prior research and commercial
products have been exploring augmentation of input modality on
HMD, showing this area of work is promising and valueable. For
example, low-cost VR headsets, like Google Cardboard [1], provide
magnetic toggle [29] or conductive tap on the side of HMD enabling
binary input, and researcher then augmented this using different
design [22] and the inner sensor of smartphone [35]. Another prior
attempt at designing input on HMD is to explore the Back-of-device
interaction; for instance, FaceTouch [13] attach the touch panel on
the backside of VR headset to allow users to support advanced point-
and-selection tasks by the sense of proprioception and following
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with touch display to facilitate the communication with the outside
users B, 14. FaceWidgets33 places multiple widgets on the HMD
backside to allow tangible interaction individually and provide
always-available input.

Beside the unexplored space of HMD input, output feedback is
also limited with only vibration provided for commercial products.
Though prior research explored di erent types of haptic output,
they mostly depends on the context of applicatiors 15 25 26
but, unfortunately, not coupling with user input. Output along with
input has demonstrated the promise to enable novel experiences
and interesting applications on di erent instrumentslp, 17, 31;
for example, users can acquire information through levels of haptic
pro les [16 17, 31]. This type of haptic output features its rich
resistive force pro les while only requiring lightweight structure,
with one motor or servo in each DoF. This mechanism is ideal to
HMD due to the necessity to carefully trade o size and weight to
avoid fatigue [13].

To explore expressive input and appropriate output feedback
for bimanual manipulation on HMD, in this paper, we proposed
TanGo, a proof-of-concept prototype equipped on o -the-shelf
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(3) A preliminary user feedback revealing the rstimpression
of TanGo and the potential design space for future tangible
design on HMD.

In the rest of the paper, we rst elucidate the inspiration from re-
lated research, then the implementation of TanGo in details. Lastly,
we demonstrate the potential usage scenarios of TanGo and the
preliminary user feedback that enlighten future works.

2 RELATED WORK

TanGo is inspired by previous works related to input techniques in
VR and kinesthetic feedback on di erent appliances.

2.1 Input Techniques in Virtual Reality

2.1.1 Hand-held Controllefdand-held controllers serve as most
widely-used input today. However, commercial devices, like HTC
Vive [2] or Oculus [5] controllers, require onerous environment
setup and provide limited interaction space contrary to the nature
of nomadic VR 124. Previous research also exploited di erent appli-
ances such as smartphon24, smartwatch p1], tablet [7, 34, pen

mobile HMD. TanGo comprises three Degree of Freedoms (DoFs)[6, 7] as controller proxy, enabling di erent interaction space in

(x, y and z axis) in both right and left sides of HMD. Each axis is
realized by a slide potentiometer, two rubber band, a micro servo, a
brake pad and 3D-printing support. Inspired by joystick, the middle
point of slider serves as the origin that users could slide the 3D-
printing shell in two directions and rebound to the origin after
releasing. When input is being applied, servo would adjust the
tightness between brake pad and the sliding structure, generating
totally 5 resistive force pro les, including lock, click, ramp up, ramp
down and strong resistance.

We demonstrate TanGo's applicability in three simulations. In
the rst-person (FPS) exploration game, TanGo can manifest di-
rectionality that users can move backward/forward to open/close
the drawer, and slide left/right to open/close the sliding door with
the strong resistance provided to simulate real friction. Object can
be manipulated by gesturing "open" in x-axis with lock following
to shape the object held in hand, and can afterwards drop down
by stretching down y-axis. In the tank game, the re can be trig-
gered by stretching down the y-axis coupled with resistive force
ramp down to simulate gun trigger. Users can also navigate the
tank intuitively by moving TanGo forward/backward bimanually
to drive forward/backward, and turn left/right by crossing slider
in z-axis. In AR scenario, users can interact with virtual objects
by manipulating TanGo and instantly switch to the real world in
barehand. TanGo can seamlessly bridge the real and virtual world
while minimizing the physical e orts.

In this paper, our main contributions are:

(1) TanGo, an all-in-one proof-of-concept prototype enabling
always-available input with high expressivity that can sup-
port bimanual gestural interaction, coupling with 6 passive
kinesthetic force outputs, including lock, click, ramp up,
ramp down and natural and strong resistance.

(2) Three demonstrations showing the feasibility of TanGo to
general complex VR/AR scenarios with the advantage of
supporting seamless interaction between real and virtual.

virtual reality. Other hand tracking technologies, like Leap Motion
[3] or Oculus Quest4], can support free-hand interaction and no
spatial constraint, however, demanding hands within the camera
view which cause missing tracking often time.

TanGo is mediate between HMD and hand input as a hand-
controllable device mounted on the HMD. Our aim is not to replace
existing input devices but to explore a new input modality allowing
users to transit between bare-hand and tangible interactions uidly
by its always-available feature (as following AR application suggest),
and importantly, coupled with rich output feedback as following
illustrated.

2.2 Kinesthetic Feedback along with User Input

2.2.1 User data as reference for output providiimesthetic force
feedback is mainly applied under this scope since it refers to the
feelings sensed from the nerves in the joints and muscles, which
make users aware of continuous proprioceptive changes when car-
rying out actions. Resistance along with user input is previously
applied on di erent appliances such as cha®]], ring [17 and
mobile module 1§. Such feedback can e ectively o er users levels

of information using highly recognizable force pro les even under
eyes-free condition. Glissad&9, instead of generating resistance
as above, dynamically change the center of mass and moment of
inertia based on user's action (e.g. tilting and rotation), in which dif-
ferent patterns can act as haptic cues to support user's tasks. For the
VR controller, Dexmo11] is analogous to our work by providing
passive force feedback based on angle di erence of Metacarpopha-
langeal joint of ngers. RollingStoneZ3, as one of few examples

of tactile feedback under this scope, considers the speed of user's
hand movement as reference to adjust the speed of the actuated
ball to create di erent textural feelings. The main bene tis to yield
rich haptic feedback while keeping low-cost and lightweight with
only one motor or servo needed for each degree of freedom.

2.2.2 Kinesthetic Force Feedback on Contrdlarssthetic force
feedback has also been widely explored on hand-held controller
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to generate di erent sensation. Prior works like Shiftydgand
Transcalibur R7) render di erent virtual weights, sizes and shapes
by distributing device's balance. Thor's Hammetq and Aero-
plane [20 o er di erent weight and force illusion by changing the
propeller propulsion within given directions. Drag:or8[], on the
other hand, create air resistance by altering the surface area of the
device. CapstanCrunci2f use the brake mechanism to support
non-linear force mapping regarding to the nger-thumb distance.
Such weight, shape and size sensation can also be generated by the
lightweight wearable devices; Grabityl{], for instance, controls
the unidirectional brake to generate kinesthetic pad opposition grip
forces to simulate rigid grasping and the weight when lifting.

Inspired these works, we exploit passive kinesthetic force feed-
back to enforce di erent simulations and haptic status for enriching
VR applications.

Figure 3: A prototype assembly explosion diagram of TanGo.
3 DESIGN AND IMPLEMENTATION

Prior works on designing mechanical structure on HMBJ 34 ) )
suggested weight can be decisive to user experience and need to  12nGo (totally weight 736.79) comprises three axes and one shell
be tackled with. In this work, we carefully considered weight of ~ ©n €ach right and left side (Figure. 3). Each axis has a sliding struc-
TanGo. ture for input and a brake system to generate passive resistive force
We propose our proof-of-concept prototypeanGathrough it- output, which will b_e iIIustrated_in detail below. The yvhole mecha-
erative re nement (Figure. 2). Basic features like input and spring  {ronic system is driven by a micro-controller (Arduino Nano and
return mechanism are implemented in version 1. The brake system Nano Extension Board Module) and a power bank (HTC BB G1000,
was added in version 2. The weight of the system decreases even 10050mMAh, 5 6V 3A,weight 228g). The data transition between
when new features are added. In version 3, we further cut o the /Arduino and smartphone is through the bluetooth module (HC-06).

overall size and weight. We next discuss the implementation and  SOMe parts of the structure are hollowed out to reduce weight.
the trade-o s in this section. We hollowed out the plane on which we mount the slide potentiome-

ters (Figure. 4 a). Structural strength should also be considered when
hollowing out the structure. For example, the z-axis is designed to
be an I-beam to withstand the maximum amount of bending load
while using the least amount of material (Figure. 4 b).

Figure 4: The skeleton structure after being hollowed out.

Figure 2: Prototype iterations and their weight (single side). (a)The frame to mount the slide potentiometer. (b)l-beam
Three CAD models are shown as examples. For better illus- stick.

tration, the shell and wires are not shown.

3.2 Sliding Mechanism

To perform intricate output pro les, the sensor of input should have
adequate precision and sampling rate. We adopt slide potentiometer
Components (YwRobot sliding potentiometer) as the sensing approach of TanGo
We choose o -the-shelf mobile HMD as the base of TanGo because, because it meets these requirements, and its linear sliding motion
to our knowledge, it has the minimal size and weight among current  ts the mechanism of TanGo.
commercial products (width 168mm, height 90mm, depth 108mm,  To minimize the overall size, all sliding mechanisms should be
weight 264.4g). We don't choose the cardboard HMD due to its parallel to the surface of the HMD. Top and bottom side of HMD
vulnerability when being manipulated. is not a reasonable location, given that the structures will collide

3.1 Overall System Con guration and
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Figure 5: (a) The placement of coordinates. The y-axis on
the side of HMD would protrude from the top and bottom

if being manipulated. (b) The rubber band is initially pre-
stretched. (c) Rubber band is further stretched when the user
push right, generating restoring force for returning.

with face when being manipulated (red area in Figure 5a). TanGo
is thus equipped on the left and right sides of HMD to have more
work area.

A spring return mechanism on input devices can improve user
experience, as it always pulls back to the origin after releasing,
like button and joystick. Each axis of TanGo has this spring return

mechanism consisting of 2 slider blocks and 2 rubber bands (Fig-

ure. 5 b). The rubber bands are pre-stretched at neutral position so
that the restoring force, according to Hooke's law, is strong enough
(1.3N) to return the slider even at minimal displacement. (2.21N at
maximal displacement)

Because the working range of slide potentiometer is about 60mm,
the maximal displacement in each axis i8anm. However, consid-
ering size we do not use it all. Instead, we adop20mm based on
two reasons: 1Size As Figure 6 suggests, greater working range
requires larger size of the shell. ThougBOmm can express input
and output more explicitly, it will be too bulky to be held by users.
2.0Output.The rst mission of TanGo is to realize input and out-
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front of HMD. The y-axis on the side will protrude from the top
and bottom (Figure. 5 a), making the shell impossible to cover all
inside structures in a normal size for being gripped. We therefore
place the y-axis in the front. We should also leave enough space
between the shell and inside structures to enable the movement in
both directions. To be more speci c, since the displacement range
of the y-axis is 20mm, the shell should be 40mm taller than the
HMD (height:90mm), which is totally 130mm (Figure. 6 a). However,
because y-axis is placed on the front, we can reduce the side of shell
to 92mm (Figure. 6 b).

Figure 7: Brake system modulating the resistive force of the
sliding mechanism.

3.4 Brake System

We use a mechanism similar to Aarni@]] and Frictio [17] that
provides resistive force output by the brake system. This system

put smoothly, and secondly, keep compactness as possible. Hencecomprises a servo motor (3.7g micro servo, IM120602005, Torque :

although 10mm has the most appropriate size for holding, the
output pro les cannot work completely in such small range. This
is another reason that we take20mm as nal decision.

Figure 6: (a)Before and (b) after reducing the unnecessary
space of shell.

3.3 Shell

Considering the usability, we designed a shell, acting as a handle
for all input entries. Two shells cover left and right side of HMD
with each can be maneuvered in X, y and z direction iBOmm as
mentioned. We rstly decide z-axis on the side and x-axis on the

0.7kg/cm (4.8V) 0.8kg/cm (6.0V)), a 3D printed gear, a 3D printed
arm, a rubber brake pad, and a piece of belt. The gear is wrapped by
the belt with a clip clenched to prevent slip, as shown in (Figure. 7).
The brake pad is made of rubber because of its durability (the
ability to withstand abrasion) and high coe cient of friction, which

is important that if the brake pad is worn out and cause thickness
change, we would have to re-map the resistive force pro le.

By using this system, desired resistive force can be realized by
adjusting the tightness of brake pad and slider. Due to the inac-
curacy in the crafting of brake pad and 3D printing, each brake
system has to be adjusted individually. We arti cially mapped the
angle of the servo motor to 5 resistance levels to ensure each axis
can perform pro les correctly as expected. Totally, 6 distinctive
force pro les can be performed by altering the angle of servo. We
will discuss the details of force pro les in the next section.

3.5 Strap

To ensurestability, a set of strap is added to fasten TanGo to the
user's head, as shown in (Figure. 8). Since the HMD comes with
straps on the side and the top, we just need to reinforce the lower
part. The strap is y-shaped so that it does not slip away from the
user's chin.
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