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ABSTRACT
We propose 3D guidance for the visually impaired through a tactile user interface around the head.
The outlined system uses a guidance algorithm from earlier work and five essential tactile navigation
instruction patterns in order to steer visually impaired users precisely around obstacles and up or
down staircases, while also providing warnings about possible future collisions.
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INTRODUCTION AND RELATED WORK
Visually impaired people require assistance in their daily life, especially in navigating unknown
environments. Navigation involves two main components: mobility and orientation as defined by
Loomis et al. [14]. Mobility or micro-navigation involves sensing the near-field environment and
working out a way around static or dynamic obstacles. Orientation or macro-navigation involves
being oriented (e.g., by detecting landmarks), path-planning on a broader scale and detecting when a
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destination has been reached [9]. A navigation system for the blind typically includes the following
components:
• A position and orientation component (e.g., GPS, DGPS, or Bluetooth beacons)
• A geographic information system (GIS) component for path-planning
• A user interface (e.g., auditory feedback in conjunction with a white cane or a white cane with
vibrotactile output)

Figure 1: HapticHead, a vibrotactile interface around the head [12].

Figure 2: HapticHead hidden under a
beanie for social acceptability

Occupying the sense of hearing for a navigation system is a safety concern as walking on the
streets requires unobstructed hearing, even for sighted people. This work proposes to realize the
user interface component as a tactile interface that (a) is worn on the body while keeping the hands
free, (b) does not interfere with the sense of hearing like auditory navigation interfaces, and (c) is
intuitive and easily understood while leaving no room for misinterpretation by users. While there
are already numerous tactile interfaces for guiding the blind, they usually focus on arranging a
small number of actuators in a ring configuration on a body position such as the wrist [15] or waist
[4–6, 17] or they use a large number of actuators as a vision substitution system on the back [1],
tongue [2, 3], or forehead [8]. Arranging only a small number of actuators in a single dimension or
ring configuration means that the number of recognizable tactile patterns and their intuitiveness are
limited. When increasing the number of actuators, the number of possible patterns grows as well
but their intuitiveness is limited when laying them out in a simple grid, requiring learning effort and
being susceptible to misinterpretation. The system outlined in this work attempts to provide intuitive
tactile guidance feedback, in which not just the direction (such as “head a little bit to the left”) but
also certain necessary navigation instructions (e.g., “stop”, “stairs up”) are given.
In previous work we presented HapticHead [10–12], a vibrotactile display around the head consisting
of a bathing cap with a chin strap and a total of 24 vibrotactile actuators (see Fig. 1, 2). We were
able to show that our prototype can be used in 3D guidance and localization scenarios for normally
sighted users in both virtual (VR) and augmented reality (AR) with relatively high precision and low
task completion times. The previous work also included a scenario where blindfolded users were able
to feel the presence of real physical objects in the 3D space around them and subsequently were able
to find and touch them (see Fig. 3).
This paper explores ideas for various spatial vibrotactile patterns around the head for the purpose of
(a) blind user navigation and (b) notifications about important navigational instructions. We introduce
the following research questions in light of the Hacking Blind Navigation workshop at CHI 2019 and
will attempt to answer them in future work:
• What kinds of spatial tactile around-the-head patterns are suitable for (visually impaired) user
guidance and how easily understood are those?

• How well can users be guided through an obstacle course including stairs using previously
determined intuitive tactile guidance patterns on the head?
INTUITIVE TACTILE PATTERNS
We conducted an in-depth interview with three staff-members of the “Educational Center for the
Blind,” located in Hannover, Germany. While all of them were teaching mostly underage visually
impaired pupils skills in navigation and daily life, one staff member was strongly affected by visual
impairment herself. We asked them about how visually impaired people orient themselves and avoid
obstacles in indoor and outdoor environments and what kind of feature set they ideally expect from a
navigation system. Furthermore, we specifically asked which kinds of essential navigation instructions
were deemed important when thinking about potentially navigating without a white cane.
It was found that, apart from the general direction, four additional navigation instructions were
deemed essential. Furthermore, due to our own experience in conducting studies with blindfolded
participants, we identified one more necessary pattern: an instruction to get participants to focus their
attention back on the navigation task when diverging too much from the ideal path. Several participants
in past experiments lost their attention on the navigation task after a while and subsequently bumped
into obstacles. The core set of essential instructions we found is:

Figure 3: Blindfolded participant in prior
experiment, feeling the direction and distance to physical objects [12].

•
•
•
•
•

GO / START – e.g., street light turns green
STOP – e.g., imminent collision warnings
UP – e.g., stairs up
DOWN – e.g., stairs down
ATTENTION – if the user drifts off too much from the calculated ideal path

Different levels of vibrotactile intensity and frequency are hard to distinguish and even interfere
with each other, while stimulus location and duration are easier to identify and can thus achieve a
higher bandwidth of communicated information [7]. A unique feature of the HapticHead interface
over related work is the spherical shape all around the head. This can be used in order to create
richer and potentially more intuitive tactile patterns compared to other interfaces by using spatial
metaphors. For example, when users feel a pattern moving from the chin over the sides of the head
to the top and they know that they have a limited choice of the aforementioned instructions, they
intuitively know it most probably means “UP,” without any training, because of the intuitive spatial
mapping.
CONTINUOUS 3D PATH GUIDANCE FOR NAVIGATION
In our past work we introduced a 3D guidance algorithm for arbitrary actuator configurations such
as HapticHead [12]. This guidance algorithm proved to be quite efficient and fast in guiding study

participants to look in the indicated direction in 3D, including elevation. The same algorithm can be
used in navigation scenarios as well. While elevation is not as important in traditional flat outdoor
navigation scenarios, it can certainly help navigating spaces which are not just horizontal, such as
stairs and ways up a hill. Furthermore, a positive side-effect of using the proposed algorithm might
be to help with the tendency of some visually impaired individuals not to hold their head straight up
when walking (forward, left or right head posture) [16]. By permanently indicating the right direction
including elevation, a visually impaired individual could be able to synchronize their walking direction
and head posture.
OPEN CHALLENGES AND FUTURE WORK

1 https://developers.google.com/ar/
2 https://developer.apple.com/arkit/

The outlined system has already largely been implemented and a first – still unpublished – indoor
obstacle navigation study on the suitability and efficiency of the system has been conducted. The
study had 15 blindfolded participants, out of which two were severely visually impaired. We are now
in the process of refining the system and conducting another user study with more visually impaired
participants. Open challenges that remain are (a) the noise generated by vibrotactile actuators close to
the ear openings through bone conduction and (b) finding an unobtrusive and wearable position and
orientation component which works precisely enough for outdoor navigation and dynamic obstacle
avoidance outside a lab setting. One example of dynamic obstacles would be people coming towards
the user.
Challenge (a) did not affect all users as about half of the participants in our studies indicated that
they did not mind the noise as it was soft enough. However, the noise might be lowered even more by
using a different actuator type such as the LoSound engine by Lofelt [13], which operates at a lower
resonance frequency of 65 Hz, thus lowering the perceived sound level at similar tactile amplitudes.
However, lowering the frequency has the disadvantage of also making the tactile sensation less
prominent, as humans perceive vibrations best at frequencies between 150 and 300 Hz [7].
Challenge (b) might be solved in the future by technologies for precise self-localization of mobile or
wearables devices. Examples projects with this aim include Google ARCore1 and Apple ARKit2 . While
static obstacle detection is already possible, it is still difficult to detect dynamic obstacles fast enough,
inform the user, and allow him or her to react.
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