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Figure 1: Different mobility aids for blind and low-vision people vary in the autonomy and navigational control they offer to
the user. White canes (left) give the user full control of their movement, but short-range sensing making it difficult to navigate
in unfamiliar areas. A motorized robot (far right) may follow a global map to a target, but leaves little control to the user as it
dictates the path and the walking speed. We explore two different mixed-control schemes, where the user pushes the proposed
Glide navigation assistant in front of her. In the User-directed mode (middle-left), the user sets the destination and Glide steers
the user’s walking direction. In the Glide-directed mode (middle-right), the user is notified of existence of possible turns at
junctions and have additional control on the the chosen path.

ABSTRACT a novel mobility aid with two modes for control: Glide-directed and
Only a small percentage of blind and low-vision people use tradi- User-(Aii.rected. We employ Glide in a study (N:?) in which blind or
tional mobility aids such as a cane or a guide dog. Various assistive low-vision participants used both modes to navigate through an in-
technologies have been proposed to address the limitations of tra- door environment. Overall, participants found that Glide was easy

to use and learn. Most participants trusted Glide despite its current
limitations, and their confidence and performance increased as they
continued to use Glide. Users’ control mode preferences varied in
different situations; no single mode “won” in all situations.

ditional mobility aids. These devices often give either the user or
the device majority of the control. In this work, we explore how
varying levels of control affect the users’ sense of agency, trust in
the device, confidence, and successful navigation. We present Glide,
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Figure 2: A breakdown of the components of Glide and its
processor. The user can twist the handle to indicate desired
direction of travel (input to torque sensor) and pushes the
robot forward (input to encoder). Glide outputs haptic feed-
back, steers the user and applies/releases the brakes.
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1 INTRODUCTION

As of 2016, approximately 7 million people in the US reported being
blind or having low vision (BLVI) [14]. For these people, white canes
and guide dogs are the only primary mobility aids. White canes
come in direct contact with the area immediately ahead of their
user, enabling the user to sense the environment, assess differences
in materials, and detect obstacles. Guide dogs lead the user around
obstacles and are capable of global navigation in familiar settings.
The user can interact with the dog and suggest different walking
directions. Despite empowering many people, these mobility aids
require long training to master and use confidently, and even then
the risk of losing one’s way remains substantial. The difficulty of
safe navigation can also adversely impact a person’s self-confidence.
As a result, of the estimated 7 million BLVI in the US, only 2% to
8% use a white cane [14]. Only about 2% of the remaining
individuals use guide dogs [14]. About 90% of BLVI have a high
dependency on sighted assistance and/or confine their lives to
a limited set of locations and activities, in many cases solely to
their homes. Prior efforts to automate blind navigation, such as
smartphone-based navigation applications and motorized robots,
so far have failed to change this reality.

In this work, we conjecture that a mobility aid’s helpfulness
depends on a heretofore understudied factor — the level of control
it offers to its user (Fig. 1). White canes and smartphone naviga-
tion programs leave full navigational control to the person, but the
amount of information they give to the user may not be enough
for local decision making. Guide dogs and motorized robots are
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closer to the other end of the control spectrum, but a BLVI per-
son following them may feel a loss of agency in the process. To
experiment with different levels of shared control, we developed
Glide (Fig. 2), a novel mobility aid designed to safely steer users to
their destination with a range of a haptic vocabulary that conveys a
tactile sense of the surface it rolls on while enabling the user to set
the walking pace. Glide is designed to be light and portable. Beside
the practicality of users carrying it over stairs or bringing it with
them, users can manipulate the device to their liking to increase
the sense of control.

Glide uses passive kinetic guidance through a pole with a handle
connected to a small mobile platform with steerable and brake-
able wheels (Fig. 2). The wheels are non-motorized and require the
user to push the device in front of them. Glide’s sensors allow it to
identify the user’s location and both static and dynamic obstacles.
Glide uses this information to guide the user around obstacles or
engage the brakes to make the user stop. Glide’s handle connects
the user’s grip to the wheeled platform, conveying the ground’s
tactile information. The handle is equipped with an array of haptic
actuators that serve as another channel of communication with the
user (e.g., to slow down when approaching the goal). This enhances
the user’s understanding of their surroundings and helps them
build a mental map of their environment.

We experimented with two modes of operation of Glide, using
increasing levels autonomy (Fig. 3). In the Glide-directed mode,
the user pushes Glide forward, while Glide steers their walking
direction to their desired destination while avoiding obstacles. In
the User-directed mode, Glide waits for the user’s directional
input at decisions points, such as junctions in a hallway, and then
steers them in their desired direction of travel to the next decision
point while avoiding obstacles. We tested Glide in an indoor office
building, where turns are mostly limited to 90 degrees and straight
corridors between them.

We conducted a user study with nine BLVI people to evaluate
the users’ progression through the two control modes and the
overall user experience. More specifically, we wanted to understand
the users’ level of trust in Glide, their level of confidence when
using Glide, Glide’s ease of use, learnability and whether users’
performance improved as they used Glide.

Our findings show that Glide was easy to learn, and users found
both modes easy to use. Most participants trusted Glide to avoid
obstacles but limitations in the system’s current ability to react
quickly impacted other participants’ trust in the device. Overall,
most users were confident when using Glide and their confidence
level increased as they continued to use the device. Additionally,
users’ preferences for modes varied. Most users’ preference for a
mode was situational. Few users stated that they strongly preferred
one mode over the other.

2 RELATED WORKS

We discuss Orientation & Mobility training (O&M), conventional
mobility aids and their limitations. We then discuss various assistive
technologies that have been developed to address the limitations
of traditional mobility aids.
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Figure 3: (Top) The Glide-directed mode shows the user being guided around a corner while avoiding a pillar. (Bottom) In the
User-directed mode the user twists the handle to the left and Glide guides the user along a left turn.

2.1 Orientation & Mobility Training

The purpose of Orientation & Mobility training (O&M) is to teach
people with visual impairments how to travel safely through a
variety of environments [8]. This training helps people learn how to
use other senses to gain new information about their surroundings
and navigate safely. Some techniques taught include maintaining a
straight line of travel and classifying objects into obstacles, clues,
landmarks, or hazards. For a more detailed discussion on O&M
training, see [8, 13, 19].

O&M skills are used in conjunction with primary mobility aids
such as a white cane or guide dog, each of which requires substantial
training to use effectively. Typically, users must be trained for more
than 100 hours to become skilled with the white cane. Effective
use of a guide dog depends on the user being competent with a
cane and having established O&M skills. It can take up to 6 months
to start working with a new guide dog, and their working life is
typically 6 to 7 years.

There are additional limitations, mostly due to the local nature of
the aids. While a cane can be used to sense the immediate vicinity
of a user, it relies on the user’s familiarity with the environment to
navigate to a destination. A dog can help guide the user to a limited
number of known locations while avoiding obstacles.

2.2 Assistive Technologies for Blind Users

Over the years researchers have developed a variety of assistive
technologies to aid people with visual impairments by detecting
and avoiding obstacles, improving orientation and virtual wayfind-
ing [16]. Explorations have included many diverse types of devices
with varying levels of autonomy.

The most readily available assistive technology supplement O&M
skills. This includes commercial smartphone applications such as

Google Maps !, which visually identifies landmarks, provides di-
rections, and helps the user regain orientation, and Soundscape 2,
which helps the user navigate using spatial audio that enhances
their awareness of their surroundings and the direction to their des-
tination. Both applications use GPS for localization and hence are
limited to outdoor navigation. Researchers have also presented
various types of navigation systems that provide turn-by-turn
navigation assistance to help blind users walk to their destina-
tion [1, 3, 5, 17]. Most of these systems, however, are unaware of
obstacles that were not in the initial map of the environment. To
help blind users avoid collisions, traditional mobility aids have been
augmented with sensors to detect obstacles with non-contact sens-
ing. WeWalk 3 is a commercial device that attaches to a cane, detects
obstacles, and provides GPS navigation. Previous augmented white
canes detected obstacles in front of the user [6] or at trunk and head
level [15]. While these devices can alert a pedestrian of obstacles,
the user must still avoid obstacles by themselves.

Researchers have proposed replacing traditional mobility aids
with wearable devices that alert the user of obstacles and navigate
them to their destination using haptic [21] or audio [4] feedback.
These devices achieve hands-free navigation but require custom
interfaces and can be too heavy or cumbersome to wear or hold.
Robotic navigational aids can be an alternative to wearable devices.
CaBot [7] is a fully autonomous suitcase-like robot that guides
users to a destination. This system, however, lacks shared control
with the user, as the user follows a motorized robot’s direction and
pace. Kayukawa et. al [9] developed a similar platform but the user
can choose to enable an autonomous mode that navigates them
with speech or directional guidance around obstacles.

https://www.google.com/maps/preview
Zhttps://www.microsoft.com/en-us/research/product/soundscape/
3https://wewalk.io/en/
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Figure 4: Explored shared-control schemes. Glide-directed mode: (left) The user walks, pushing Glide, and their walking
direction is set by Glide to follow the blue path to the goal point. User-directed mode: (right) The user is asked to provide Glide
a direction at decision points (colored paths shows options available to the user).

2.3 Navigation Through Intersections

Navigation through intersections has been previously explored by,
e.g., Kuribayashi et. al. [10], who proposed a smartphone-based app
that provides an obstacle-avoiding path and intersection detection.
This work, however, requires the user to hold both a phone and
cane at the same time and may not be suitable for all blind trav-
elers. Lacey et. al. [11] proposed PAM-AID, a “smart walker” that
aims to assist the elderly BLVI to walk safely indoors. They use
a Bayesian network approach that combines sensor information
with user input (three buttons for moving forward, left, or right)
which activate autonomous robot control in the desired direction.
While this is similar to our User-directed mode, the authors do not
explore varying levels of control.

2.4 Cane-like Navigation Assistants

GuideCane [20] and the Robotic Cane [2], each propose a pole
attached to a mobile robot base with passive wheels, allowing the
user to push the device as it steers around obstacles. Both devices
do not provide autonomous navigation to a set goal but will guide
the user in avoiding obstacles. The user specifies desired walking
direction by pressing directional buttons on the cane.

Augmented Cane [18] is a white cane with an omni-wheel at the
tip that allows the user to control the forward speed while the device
steers. This device provides obstacle avoidance, indoor/outdoor
navigation, and object localization, yet it is reported as heavy and
does not allow the user to input their desired direction of travel.
The Co-Robotic Cane [22] has a rolling tip and two operational
modes: an active mode that steers the user to the desired direction of
travel while avoiding obstacles and a passive mode where the device
behaves as a white cane but also provides speech feedback on the
desired travel direction and obstacle information. The device detects
the human intent and automatically switches between modes but
does not provide autonomous indoor navigation.

Inspired by these works we propose Glide navigation assistant:
portable and lightweight, with flexible control scheme enabling both
autonomous indoor navigation and obstacles avoidance, as well as

manual pace and intuitive walking direction control by twisting
the handle. We use Glide to explore distinct levels of controls of
navigation aids.

3 THE GLIDE SYSTEM DESIGN
3.1 Hardware

Glide is a robotic device with a user-centered design. We designed
a passive robot, pushed by the user, to reduce the physical work-
load while carrying a sufficient payload. This design also saves a
significant amount of power and weight by not having to carry the
extra battery power required to power the wheels. Additionally,
users’ walking pace may rapidly change based on their environ-
mental stimuli. Our goal for this design is to eliminate the sense of
being dragged by the device by giving the user control over their
movement. Another important design choice was making Glide
lightweight and portable. This enables users to carry it if needed
(e.g. stairs), and easily pull, rotate and direct it as they wish.

Glide has a pole connected to a small platform, that rolls on the
floor, using steerable, brake-able, and unpowered wheels. The user
holds the handle connected to the pole (Fig. 2). The user pushes
Glide in front of them, and can feel, through the handle, the wheels
following any irregularities in the terrain. There is also a linear
array of six vibrotactile actuators (ERM) in the handle to render
intuitive haptic symbols to the user’s hand. In contrast to a cane
form factor [18], Glide’s base, roughly 9-by-9 inches in size, rolls
on the ground and supports the majority of the weight. The total
weight of Glide is approximately 3 pounds.

Glide’s sensors enable it to navigate through the environment
and detect obstacles. Glide is equipped with an IMU and wheel
encoders for computing odometry, a Realsense D435i camera for
sensing obstacles, servos for braking and steering, vibrotactile ac-
tuators for providing haptic feedback and a Jetson Xavier NX for
onboard processing. Glide also has a Teensy 4.1 Arduino processor
for handling a torque sensor that is used for sensing the user’s
directional input by twisting the handle and the haptic actuators.
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Table 1: Demographic information of study participants

ID Age Gender Vision Level

Impairment Duration Primary Mobility Aid(s)

P1 40 Male No functional vision >10 years White cane

P2 56 Female  No functional vision; some light perception >10 years White cane and guide dog
P3 65 Male No vision >10 years White cane and guide dog
P4 56 Male No vision >10 years White cane and guide dog
P5 45 Male No vision >10 years White cane

P6 19 Female  Legally blind; no peripheral vision; poor depth percep- >10 years White cane

tion; no night vision

P7 80 Male No functional vision >10 years Walker

P8 27 Female  No functional vision; some light perception >10 years White cane

P9 30 Female  No vision 5 years White cane

Rendering feedback to the user in the form of simple vibrotactile
spatial patterns in the handle can help reduce cognitive load [12], is
robust to noisy environments, and does not load the user’s auditory
sensing. There are six vibrotactile actuators spread across the handle
with three vibration patterns: the left three actuators vibrate when
the user twists the handle to the left, the right three vibrate when
the user twists the handle to the right and all the vibrators will
actuate to indicate that the user should slow down. Many other
intuitive haptic symbols are possible, depending on the situation.

To summarize, the user must push Glide for it to move (input
to the encoder) and can input their desired direction of travel by
twisting the handle (input to torque sensor). Glide will steer the
user (output to steering servo), engage or disengage brakes (binary
output to brake servos) and provide haptic feedback to the user
(output to vibrotactile actuators).

3.2 Navigation System Design

Glide uses ROS2 (Robot Operating System), an open-source plat-
form that provides software for robot control. We specifically use
Nav2 within ROS2 for navigation. Glide computes odometry by
fusing sensor data from wheel encoders, an IMU and a RGBD cam-
era odometry node. It uses the adaptive Monte Carlo localization
(AMCL) package for localization and Regulated Pure Pursuit plan-
ner for local planning. We rely on a pre-rendered floor plan of our
building as a global map. While Nav2 allows for a global planner
to be integrated, for the purpose of the study we generated the
global plans offline. While Glide’s navigation software runs in a
closed loop system, the inclusion of a human in the loop requires a
special design. The device cannot move by itself, and requires the
user to push it. If the user inputs their desired direction of travel,
the device’s navigation system has to change its global plan to take
the user’s feedback into account (see Fig. 2).

4 MODES OF GLIDE

4.1 Glide-Directed

One skill taught during O&M training is route planning: learning
how to get information about your destination and how to get
there. A part of this skill is first building a mental map of your
environment. Initial navigation through unfamiliar environments,

without a mental map, while using a cane or guide dog can be
challenging. The Glide-directed experience intends to alleviate that
challenge by guiding a user from their current location to their
destination while avoiding obstacles. In this mode, Glide generates a
global plan to the goal. As the user pushes Glide, the local controller
steers them to follow the global plan and avoid any obstacles. When
the user is 2 meters from the goal, six vibrotactile actuators provide
feedback to the user to slow down and the brakes engage when
the user has reached the goal. Note, this mode is similar to the
functionality provided by the Augmented Cane and CaBot. however,
our feedback modalities are different.

Note, for the purpose of the study we preset the destination. User
goal setting is outside the scope of this work as our goal was to
evaluate the effectiveness of Glide steering the user to their destina-
tion, not find the optimal interaction modality for goal setting. In
future work, we will explore interaction modalities for goal setting.

4.2 User-Directed

Another skill taught during O&M training is independent move-
ment: using landmarks and clues to help the person know where
they are along a particular route. This helps people with visual
impairments learn new routes. In this mode, we verbally inform the
user of which directions are available when they reach a junction
(in the future, Glide will provide this information). By providing a
description of the junction, the user can learn unfamiliar routes and
later choose to navigate with their primary mobility aid instead of
Glide. This mode is similar to the GuideCane, Robotic Cane and
Co-Robotic Cane in that the user has control over their desired
direction of travel but different in that it allows users to navigate
through indoor environments to specific known destinations.
When the user reaches a junction, Glide will engage the brakes,
causing the user to stop. The user can then select one of three
directions: left, right, or forward. The user can twist the handle left
or right to indicate which direction they would like to turn. We map
the values from the torque sensor on the handle to two discrete
directions (left and right) during the handle twist. When Glide
receives a handle twist command, it will return a haptic notification
from the left three vibrotactile actuators for a left twist or the right
three for a right twist, acknowledging the user input. After the
vibrotactile feedback is provided, the brakes disengage, Glide plans
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Table 2: Trial time (min) across participants for each mode.

Mode Trial Avg SD Min Max
Glide-directed 1 484 332 325 6.17
Glide-directed 2 462 139 378 6.67
Glide-directed 3 437 089 3.01 6.17
User-directed 1 3.18 1.09 227 5.0
2
3

295 1.19 197 3.57
315 1.07 252 4.0

User-directed

User-directed

a global path to the next junction. The user can begin walking and
the controller will steer them to follow the global plan. There are
three types of junctions the user can encounter:

o T-junction: Turning left or right are the only options. The
brakes will remain engaged until the user twists the handle
left or right.

e L-junction: Going straight and either left or right are the
only options. The user can begin walking forward without
an explicit input as Glide defaults to a forward global plan to
the next junction (if one exists). If the user twists the handle
in a direction where there is no feasible path, the brakes will
engage for a fixed duration and then disengage allowing user
to walk forward if they would like to.

¢ Four-way junction: The user can go straight, left or right.

5 USER STUDY

We conducted a user study with 9 BLVI participants. The main goals
were to 1) understand if users trusted Glide, 2) understand if users
were confident when using Glide, 3) evaluate if users’ performance
increased over time (i.e., reduction in the number of errors) and 4)
understand if Glide was easy-to-use and learn.

5.1 Participants

We recruited 9 participants who are blind or low-vision to be part
of this study (Table 1). The inclusion criteria to be a participant in
this study was to have no functional vision. Most participants de-
scribed themselves as confident travelers on familiar routes (Mdn=5,
SD=0.48) and not confident travelers on unfamiliar routes (Mdn=2,
SD=0.66), ranging from Not at all Confident (1) to Extremely Confi-
dent (5). We acknowledge that a sample size of 9 is too small for a
quantitative study so we conducted a qualitative study that focuses
on relaying the unquantifiable experiences of the participants.

5.2 Study Design

Our study was approved by our Institutional Review Board (IRB).
We first obtained informed consent from all participants, provided
an overview of the study, and explained how to operate Glide. We
informed the user that an experimenter would always be close by
to guarantee their safety and would only intervene if necessary.
We divided the study into three sections. In the first section
our goal was to evaluate the Glide-directed mode, where the user
was guided by Glide from a fixed starting position to predefined
goal destination. Each user completed the walking course three
times (Fig. 4). Due to a current limitation of the system, we advised
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Table 3: Number of errors across participants for each mode.

Mode Trial Avg SD Min Max
Glide-directed 1 333 332 0 10
Glide-directed 2 225 139 0 4
Glide-directed 3 1.25 087 0 3
User-directed 1 044 073 0 2
User-directed 2 0.25 046 0 1
User-directed 3 071 076 0 2

participants to walk at a slow pace. We told them to “walk as though
they were placing one foot in front of the other”

We recorded whether they completed the course and the time it
took them to complete the course. Additionally, we measured the
number of errors. This included the number of times the partici-
pant became misaligned with Glide (i.e. the user was not standing
directly centered behind Glide) and the number of potential col-
lisions (an experimenter intervened before a collision occurred).
After the participants completed the course three times, we asked
them to state their agreement with a series of statements (Fig. 5)
and answer the NASA task load index (TLX) on a 7-point Likert
scale. Additionally, they answered three open-ended questions: (1)
What did you like most about this mode? (2) What did you like least
about the mode? (3) When would you see yourself using this mode?

In the second section we evaluated the User-directed mode. We
had the user complete three courses of their choosing (Fig. 4). There
were three possible destinations: lounge, work area, and kitchen.
At each junction we informed the user which directions they could
go to get to various destinations. For example, we would say “Go
straight to get to the work area or kitchen or turn left to get to the
work area or lounge”. From there, the user could select their desired
direction by twisting the handle, receiving the haptic feedback
and begin walking. We recorded the same metrics and answers to
open-ended questions as we did in the first section.

In the last section participants filled out an exit questionnaire
about their experience using the various modes and their recom-
mendations for improving Glide. Note, we did not counterbalance
the sections because our goal was not to compare the two modes
but to do a general analysis about each individual mode.

6 FINDINGS

Trust in Glide-We define trust as the user’s assessment of the
reliability of the system. About 70% of participants trusted Glide
to guide them around obstacles (Fig. 5) in the Glide-directed mode
and approximately 60% of participants trusted Glide (Fig. 5) in the
User-directed mode. In general, users trusted Glide as its controller
was able to safely steer the user around obstacles and avoid walls
in most scenarios. A current limitation of the system is that the
user must be centered behind Glide and walk at a slower pace
to give the controller enough time and space to steer effectively.
If a user was mis-aligned or walking too fast, the controller was
sometimes unable to steer users back towards the global plan. Some
participants noted that they did not like it when Glide ran into or
brushed up against walls; this affected their trust in Glide.
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Figure 5: Participant agreement statement about learnability, ease of use, level of comfort, trust, and confidence for the

Glide-directed mode (left) and User-directed mode (right).

Confidence when Using Glide-We define confidence as the
user’s assessment in their own abilities to use the system effectively.
Approximately 70% of participants agreed that Glide inspired con-
fidence when they were walking in the Glide-directed mode and
a little more than 75% agreed in the User-directed mode (Fig. 5).
One participant noted a learning curve between the Glide-directed
and User-directed mode, showing an increase in confidence in the
User-directed mode: “The [Glide-directed] mode was mostly learning
how to use Glide and I felt more prepared in the [User-directed] mode.”
Additionally, allowing the user to choose which direction they went,
by twisting the handle, in the User-directed mode increased confi-
dence: “The [User-directed] mode made me motivated to move faster
than the [Glide-directed] mode. The [Glide-directed] mode made me
feel more hesitant because I didn’t know where I was going." More
specifically, at a system level, the twist in the handle processed by
the torque sensor and the haptic feedback the system provided to
acknowledge the user input increased confidence.

Learnability, Ease-of-Use, and Comfortability—Approximately
95% of participants agreed that Glide was easy to learn in the Glide-
directed mode and 100% agreed in the User-directed mode (Fig. 5).
100% of participants agreed that Glide was easy to use in the Glide-
directed mode and approximately 95% agreed in the User-directed
mode (Fig. 5). Participants thought Glide was intuitive and they
liked the ease of motion: ‘Tt didn’t present any difficulty in the mo-
tion; it didn’t feel forced, it felt natural.” About 95% of participants
agreed that they could tell when Glide was turning and could fol-
low accordingly in the Glide-directed mode and 100% agreed in
the User-directed mode (Fig. 5). Many participants pointed out that
they liked the way Glide turned: ‘T liked the turning, it was easy for
me to tell when I had to turn. The first time I tried it I didn’t even
realize it was giving me a signal, I instinctively turned with it.”, T
liked that it slowly turned instead of an instant 90-degree angle.” At
at system level, the shape of the global plan influenced the behavior
that the participants are describing. The global plan had a large
turning radius allowing for more gradual turns. Additionally, ap-
proximately 75% of participants agreed that they felt comfortable
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with the path Glide set in the Glide-directed mode and 100% agreed
in the User-directed mode (Fig. 5). More specifically, the user’s abil-
ity to choose the direction of the global plans Glide set between
junctions in the User-directed mode resulted in increased comfort.

Performance-We measure performance based on the number
of errors and the time taken to complete a trial. An error is when
the user becomes mis-aligned with Glide resulting in a potential
collision. We show the number of errors and trial completion times
for both modes across participants in Table 2 and 3. The number of
errors across both modes and trial completion times in the Glide-
directed mode decreased as the users continued to use Glide. We
cannot make a comparison between the trial times in the User-
directed mode as users selected routes which were all different
lengths. Overall, participants performance improved over time be-
cause of their ability to quickly learn how to use Glide for the
aforementioned reasons.

Control over Movement—We designed Glide with passive
wheels to give users control over their walking pace. We noticed
that some users adjusted their speed based on how Glide was steer-
ing. For example, if Glide was turning, some users would walk
slower than when walking in a straight line. Additionally, if Glide
brushed up against the wall users could stop, back up and reorient
Glide. One user in particular was able to sense how close they were
to obstacles through echolocation and would slow down if they
were close to an obstacle. Unlike a motorized robot, this design al-
lows users to adjust their speed to their liking and also stop and/or
reorient if they feel unsafe.

Feedback from Glide-As participants continued to use Glide,
they became more comfortable with slowdown haptic and braking.
Approximately 75% of participants agreed that they could easily
tell when they had to stop or slowdown in the Glide-directed mode
and about 90% agreed in the User-directed mode (Fig. 5). 100%
of the participants agreed that twisting the handle to turn in the
User-directed mode made sense to them. Overall, most participants
noted that they liked the twisting gesture. One participant said, 7
thought it was intuitive to twist the handle, I didn’t have to put in too
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Figure 6: NASA-TLX ratings by participants ranging from (1)
Low to (7) High. The red line is the median.

much effort or change the orientation of the device. I liked the haptic
feedback I got before the brakes, so I knew to slow down.”

Task Workload-The Task load index was assessed after each
mode was explored and medians across participants are shown
in Fig. 6. Overall, the physical and temporal demand across modes
was low and participants thought they performed well with both
modes. Participants thought that the User-directed mode was more
mentally demanding than the Glide-directed mode: “The [User-
directed] mode was more challenging because I had to make decisions”,
“I did not have to think in the [Glide-directed] mode but in the [User-
directed] mode I had to think more and make more choices.”

Uses for Glide-directed Mode-Four participants said they
would use the Glide-directed mode in an unknown or crowded area:
“Tt is useful in crowded unknown situations. Unlike a cane where you
collide with obstacles to know where they are, this mode just avoids
obstacles for you”, “Instead of using assistance to get guided to a con-
ference room in an unfamiliar hotel, Glide could guide me.”, “T would
use it when I am in a crowded area like a park, festival or farmer’s
market.”, I can see myself using it when going into restaurants.” One
participant said that they would never use it and another two par-
ticipants said that they would use it all the time. One participant
suggested combining Glide with a shopping cart so they could push
groceries back home. One participant said they were not sure when
they would use this mode.

Uses for User-directed Mode-Four participants said they would
use the User-directed mode indoors. Two of those participants
specifically pointed out they would use it in unfamiliar indoor envi-
ronments: ‘T would use it in unfamiliar environments and if I wanted
to specific rooms or locations independently.”, “T would use it indoors
when receiving verbal feedback of where I can go.” One participant
said that they would use it outdoors when crossing streets. But an-
other participant pointed out that using this mode outdoors would
be difficult: ‘T generally need to follow google maps when going some-
where. I don’t know how I would manage to hold both Glide and my
phone. I think I would need to exert more effort when outdoors.” One
participant said they would use Glide when they wanted to choose
the route. Another participant said they would use Glide when they
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did not want to interact with another person or guide dog. One
participant said they are not sure when they would use this mode.

7 LIMITATIONS & FUTURE WORK

Speed-We asked user to walk at a slow pace to handle a latency
issue with the controller we used. If the user walked too fast the
controller was not able to react quickly enough. The users would
get too close to a wall and the controller could not find a suitable
trajectory to avoid the wall. In these situations, we had to ask the
user to stop and back up. Many users commented that they would
like to be able to walk faster.

Alignment with Glide-Participants commented that it was
difficult to stay directly behind Glide. One user said, ‘T want to
try holding the robot next to me instead of in front.” Glide needs
to be able to handle various positions of users with respect to it.
Additionally, when the users were not centered behind Glide, they
would often veer towards the walls. Glide would compensate by
turning the wheels away from the wall, but this would result in a
“zig-zagging” motion.

Global Map-Currently Glide relies on having a global map of
the environment. In future iterations we want Glide to be able to
map and navigate its environment at the same time.

Complex Environments—Glide can currently only operate in
a single indoor floor plan that is flat. We want Glide to be able
to operate in more complex environments with overhangs, stairs,
elevators, ramps, etc. Additionally, we want Glide to be able to
operate outdoors.

Interaction Modalities—We acknowledge there are some limita-
tions in our work as we did not compare against existing interaction
approaches (e.g. audio-based interaction). However, we limited the
interaction mechanisms to not overwhelm the users. Despite our ef-
forts, some users still noted that there was a higher mental workload
when using the User-directed mode, which has the most interaction
capabilities, and preferred the Glide-directed mode (Fig. 6).

8 DISCUSSION & CONCLUSION

This paper explores various levels of control of assistive navigation
that Glide offers. It confirms that Glide is easy to use and easy to
learn. Most users trusted Glide but some of the limitations of the
current system impacted the remaining users trust in Glide. As
users continued to use Glide, they became more confident and their
performance improved.

One key insight is that users’ preferences in modes and their level
of autonomy varied. Additionally, users also would use different
modes based on the situation they are in. A future direction to
explore is customization. It is not possible to design a single mode
that encompasses all user preferences. Users should be able to select
between modes that they would like to use.

Furthermore, users had varying opinions about what kinds of
interactions and feedback they wanted from Glide. For example,
some users said they wanted audio feedback but another user said
they would prefer a more complex haptic vocabulary over audio
feedback. There is no single interaction technique or type of feed-
back that is more useful. In future work we plan to experiment with
other interaction techniques and feedback and allow the user to
select between the various options.



Exploring Levels of Control for a Navigation Assistant for Blind Travelers

REFERENCES

[1] D. Ahmetovic, C. Gleason, C. Ruan, K. Kitani, H. Takagi, and C. Asakawa. 2016.

[2

[3

[4

]

]

NavCog: a navigational cognitive assistant for the blind. In Conf. on Human-
Computer Interaction with Mobile Devices and Services. 90-99.

P. Aigner and B. McCarragher. 1999. Shared control framework applied to a
robotic aid for the blind. Control Systems 19, 2 (1999), 40-46.

N. Fallah, I. Apostolopoulos, K. Bekris, and E. Folmer. 2012. The user as a sensor:
navigating users with visual impairments in indoor spaces using tactile landmarks.
In CHI ’12. 425-432.

A. Fiannaca, I. Apostolopoulous, and E. Folmer. 2014. Headlock: a wearable
navigation aid that helps blind cane users traverse large open spaces. In Proc. of
SIGACCESS conf. on Computers & accessibility. ACM, 19-26.

G. Fusco, S.A. Cheraghi, L. Neat, and J.M. Coughlan. 2020. An indoor navigation
app using computer vision and sign recognition. In Conf. on Computers Helping
People with Special Needs. Springer, 485-494.

S. Gallo, D. Chapuis, L. Santos-Carreras, Y. Kim, P. Retornaz, H. Bleuler, and R.
Gassert. 2010. Augmented white cane with multimodal haptic feedback. In RAS
& EMBS Conf. on Biomedical Robotics and Biomechatronics. IEEE, 149-155.

[7] J. Guerreiro, D. Sato, S. Asakawa, H. Dong, K. M Kitani, and C. Asakawa. 2019.

[8

[9

[10

[11

]
]

]

Cabot: Designing and evaluating an autonomous navigation robot for blind
people. In SIGACCESS conference on computers and accessibility. ACM, 68-82.
W.H. Jacobson. 1993. The art and science of teaching orientation and mobility to
persons with visual impairments. American Foundation for the Blind.

S. Kayukawa, T. Ishihara, H. Takagi, S. Morishima, and C. Asakawa. 2020. Guiding
blind pedestrians in public spaces by understanding walking behavior of nearby
pedestrians. Proc. of Interactive, Mobile, Wearable and Ubiquitous Technologies 4,
3 (2020), 1-22.

M. Kuribayashi, S. Kayukawa, J. Vongkulbhisal, C. Asakawa, D. Sato, H. Takagi,
and S. Morishima. 2022. Corridor-Walker: Mobile Indoor Walking Assistance for
Blind People to Avoid Obstacles and Recognize Intersections. Proc. of Human-
Computer Interaction 6, MHCI (2022), 1-22.

G. Lacey and S. MacNamara. 2000. Context-aware shared control of a robot
mobility aid for the elderly blind. Robotics Research 19, 11 (2000), 1054-1065.

12

(12]

[13

[14

[15]

=
&

(17

[18

[19]

[22]

HRI 23, March 13-16, 2023, Stockholm, Sweden

M. Martinez, A. Constantinescu, B. Schauerte, D. Koester, and R. Stiefelhagen.
2014. Cognitive evaluation of haptic and audio feedback in short range navigation
tasks. In Conf. on Computers for Handicapped Persons. Springer, 128-135.

R. Mettler. 1998. Cognitive learning theory and cane travel instruction: A new
paradigm. DIANE Publishing.

NFB. 2019. National Federation of the Blind: Blindness Statistics. https://nfb.
org/resources/blindness-statistics

R. Pyun, Ye. Kim, P. Wespe, R. Gassert, and S. Schneller. 2013. Advanced aug-
mented white cane with obstacle height and distance feedback. In Int. Conf. on
Rehabilitation Robotics (ICORR). IEEE, 1-6.

UR. Roentgen, G.J. Gelderblom, M. Soede, and L.P. De Witte. 2008. Inventory of
electronic mobility aids for persons with visual impairments: A literature review.
Visual Impairment & Blindness 102, 11 (2008), 702-724.

D. Sato, U. Oh, J. Guerreiro, D. Ahmetovic, K. Naito, H. Takagi, K. M Kitani, and
C. Asakawa. 2019. NavCog3 in the wild: Large-scale blind indoor navigation
assistant with semantic features. Trans. on Accessible Computing (TACCESS) 12,
3(2019), 1-30.

P.Slade, A. Tambe, and M.J. Kochenderfer. 2021. Multimodal sensing and intuitive
steering assistance improve navigation and mobility for people with impaired
vision. Science Robotics 6, 59 (2021), eabg6594.

M. Swobodzinski and M. Raubal. 2009. An indoor routing algorithm for the
blind: development and comparison to a routing algorithm for the sighted. 7. of
Geographical Information Science 23, 10 (2009), 1315-1343.

L Ulrich and J. Borenstein. 2001. The GuideCane-applying mobile robot technolo-
gies to assist the visually impaired. Trans. on Systems, Man, and Cybernetics-Part
A: Systems and Humans 31, 2 (2001), 131-136.

H-C. Wang, RK. Katzschmann, S. Teng, B. Araki, L. Giarré, and D. Rus. 2017.
Enabling independent navigation for visually impaired people through a wearable
vision-based feedback system. In int. conf. on robotics and automation (ICRA).
IEEE, 6533-6540.

C. Ye, S. Hong, X. Qian, and W. Wu. 2016. Co-robotic cane: A new robotic
navigation aid for the visually impaired. Systems, Man, and Cybernetics 2, 2
(2016), 33-42.


https://nfb.org/resources/blindness-statistics
https://nfb.org/resources/blindness-statistics

	Abstract
	1 Introduction
	2 Related Works
	2.1 Orientation & Mobility Training
	2.2 Assistive Technologies for Blind Users
	2.3 Navigation Through Intersections
	2.4 Cane-like Navigation Assistants

	3 The Glide System Design
	3.1 Hardware
	3.2 Navigation System Design

	4 Modes of Glide
	4.1 Glide-Directed
	4.2 User-Directed

	5 User Study
	5.1 Participants
	5.2 Study Design

	6 Findings
	7 Limitations & Future Work
	8 Discussion & Conclusion
	References



