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Fig. 1. Corridor-Walker assists blind people in recognizing obstacles and intersections. The blind user can
use the system to detect an upcoming intersection and recognize the paths it leads to, while also avoiding
obstacles.

Navigating in an indoor corridor can be challenging for blind people as they have to be aware of obstacles
while also having to recognize the intersections that lead to the destination. To aid blind people in such
tasks, we propose Corridor-Walker, a smartphone-based system that assists blind people to avoid obstacles
and recognize intersections. The system uses a LiDAR sensor equipped with a smartphone to construct a
2D occupancy grid map of the surrounding environment. Then, the system generates an obstacle-avoiding
path and detects upcoming intersections on the grid map. Finally, the system navigates the user to trace the
generated path and notifies the user of each intersection’s existence and the shape using vibration and audio
feedback. A user study with 14 blind participants revealed that Corridor-Walker allowed participants to avoid
obstacles, rely less on the wall to walk straight, and enable them to recognize intersections.
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1 INTRODUCTION

Navigation in indoor corridors can be challenging for blind people. In such environments, they
usually rely on the surrounding walls to navigat&]. As various obstacles may be placed along

the wall, such as wall-mounted furniture and object3], blind people may collide with these
obstacles, resulting in damage to both the blind people and the objects. To avoid obstacles, white
canes are commonly used by blind people to detect objects on the ground. In addition to white
canes, previous studies have proposed various systems that can alert users to the existence of
obstacles at or above ground levdld 57, 6(. Since only the existence of the objects is captured,
the user still needs to determine the path that avoids the obstacle (obstacle-avoiding path). On the
other hand, guide dogs can also be used to help navigate along an obstacle-avoiding path. However,
not all blind people prefer them as they require certain caretaki®g,[74. Another drawback is

that the number of guide dogs is very sma#.{, 5,000 dogs compared to 360,000 legally blind,
approximately about 1.4% in the United Kingdo6f)). To alleviate this issue, assistive technologies

for navigating blind people along an obstacle-avoiding path have been proposed using mobile
robots [26 37,49 and wearable devicedl, 46 71]. However, these solutions use special hardware,
which is not commonly available for blind people and can thereby cause problems in technology
adoption [67].

In addition to avoiding obstacles, blind people must be aware of the corridor's geometric struc-
ture [17, 66], such as intersections, to navigate to their destinations. Walking past an intersection
unnoticed or turning into an incorrect intersection could lead to blind people being lost. To navigate
correctly, they need to reliably perceive the position and shape of each intersection that they go
through. With the use of only a white cane, they may not be able to locate an intersection, resulting
in walking past one unnoticedd7] (Section 6.1, Al). In addition, the white cane does not fully
support the shape recognition of intersections (Section 6.3, A7) because it has a limited range
of contact. Although guide dogs can help blind people locate an intersecttdh fhey do not
convey the shape to the user. In this regard, indoor turn-by-turn navigation systems can serve
as a promising solution18 69 for blind users to reach their destinations without being lost by
conveying correct information about intersections. However, such systems require static route
maps or additional infrastructure. Therefore, it is likely that these systems are not available for
every building [16, 68].

In this study, we presenCorridor-Walkera mobile indoor walking assistance system for support-
ing blind people in avoiding obstacles and recognizing (locate and grasp the paths they lead to)
intersections (Figure 1). The system is aimed to be used in indoor corridors where static route maps
and infrastructure are not available, but the user has the knowledge of the turns they need to make
to reach the destinationd.g, corridors in apartments, o ces, or hospitals). They may be familiar
with the environment from prior travel or have knowledge from tactile map24 5§ or interactive
devices 9. Since many blind people already use smartphortek 54 for messaging and accessing
the app-store available assistance system to recognize items, read printed letters, and navigate along
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a recorded routed.g, Seeing Al §7, Tap Tap Seel]], and Clew [75), we designed our system
such that only a single smartphone is needed to allow for better technology adoption. The system
assists the user in avoiding obstacles by navigating the user to trace an obstacle-avoiding path using
both spatialized audio and text-to-speech (TTS) feedback. For intersection detection, the system
will inform the user of the existence and shape of an upcoming intersection through vibration
and TTS feedback. To achieve these functionalities, the system rst constructs a 2D occupancy
grid map [15 43 44, 59 of the surrounding environment using a LiDAR sensor equipped with
an iPhone 12 Prod], which supports accurate grid map construction. Then, the system plans an
obstacle-avoiding path on the grid map using the A* path planning algoriti2g][ Simultaneously,
the system detects upcoming intersections using the you only look once (YOLO) v3 detédjor [
Since only real-time sensing results are used, these functionalities can be accomplished without
the need for a static route map or additional infrastructure.

To understand the usability of our system, we conducted a user study with 14 blind participants.
The participants were asked to perform three tasks. In the rst task, the participants turned in
di erent types of intersections, and were asked to list all directions to which each intersection
led. In the second task, several obstacles were placed in a straight corridor and the participants
were asked to walk through it, while avoiding the obstacles. In the last task, the participants were
asked to navigate a corridor containing both obstacles and intersections. The study revealed that
Corridor-Walker enabled the participants to avoid obstacles while relying less on the wall and to
better grasp the intersections shapes.

This study builds on a poster publication by Kuribayastial.[40. This paper provides more
details on the problem statement, related work, system design, and implementation. It also presents
additional contents which are a user study and a discussion of the results.

2 RELATED WORK
2.1 Navigation Assistance Using Static Route Maps

Navigation assistance systems can be classi ed into those that use static route m@apséps
constructed before being used for navigatio) P4 27, 31, 41, 46 58 65 or those that do not rely

on them [15 35 43 59 74. Static route maps have been used to provide users with a turn-by-
turn navigation instruction [L8 6. They can also be used to provide other knowledge about the
environment,e.g, the location or shape of intersections via tactile mag@s43 24, 5§ or virtual
environments P5 31]. In addition, they can be used to inform the user of an obstacle-avoiding path
by combining it with real-time sensing resultp 4§. However, a static route map may not always

be available for every buildingllg 6§, which limits its usage. Moreover, most indoor walking
assistive systems that do not rely on static route maft§ 35 43 59 mainly aim to help users
avoid obstacles. Thus, they cannot be used to provide information about intersections. Considering
these issues, our system aims to help blind people avoid obstacles and provide information about
intersections without using static route maps.

2.2 Obstacle Avoidance System

To help blind people avoid obstacles, many systems have been proposed to inform them of the
position of obstacles12 15 34, 57, 60, 63 69 71]. A limitation of such systems is that users
must determine their path based on feedback from the system. In contrast, there are systems
that guide users by generating safe paths to avoid obsta@€s37, 43 46 59?]. Such systems
have been implemented using wearable devicé3 44, 46 59, suitcase-shaped device3{, and
robots [26 49. These systems have the advantage that users only have to follow the generated
path for safe navigation. However, they require a user to carry heavy devices, which can incur
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high operation costs. On the other hand, nowadays a majority of blind people already own a
smartphone §1, 54. Hence, to eliminate these drawbacks, we propose using only a smartphone to
generate an obstacle-avoiding path for navigating the user.

2.3 Intersection Detection in Indoor Environments

The problem of detecting indoor intersections without a static route map has been explored in the
eld of robotics. Lacey and Shane proposed the use of a Bayesian network to detect intersections
using al80 laser range nder attached to a robottp]. Garciaet al.proposed detecting intersections
from RGB images taken by a quadcopter using a rule-based apprd@dtiahd a convolutional
neural network 22. These methods can adequately detect various types of intersections in indoor
environments in advance. However, applying these methods to navigate blind people may not be
suitable as it has been shown that some blind people may not hold smartphones s&bhHi/1], and
therefore images captured by them may contain motion bl64] In addition, images captured by
them may miss the entire subject from the cameB#]. To overcome these issues, our approach uses
an image of a 2D occupancy grid map of the surrounding environment, which is constructed using
a LiDAR sensor equipped on a smartphone and is thus less susceptible to motion blurs. Moreover,
we included interactive feedback that can guide the users to scan the environment when more
information is needed to identify intersection types.

2.4 Designing Non-visual Feedback for Blind People

To convey navigation information to a blind user, previous studies utilized feedback using either
audio feedbackd.g, TTS [L8 19 36 41, 46, 65 70, 74, soni cation [1, 12 19 60, 75, spatialized
audio [6, 12 47,48 52 53 63, beep sounds35, 37, 63 63), vibration feedback34 38 41,57, 71],

or thermotactile feedback3d9 56. Although instructions from TTS are capable of conveying
various clear instructions to users, their use should be kept minimal. This is because they may
block ambient sounds that blind people often rely ofj,[may not be heard in a noisy ared], and

may harm their cognitive load3Q. In addition, although TTS can convey various instructions,

it is a challenge for them to use TTS for slight adjustments of their orientati6f [(e.g, rotate

4 to the right). In contrast, according to Loodt al.[47], slight adjustment of a user's orientation
with spatialized audio using bone-conducting headphones was found to be e ective. In addition
to audio feedback, vibration feedback is used to convey simple instructions to blind users. Blind
people highly prefer them as they can be perceived in noisy environmeB#%dnd do not harm

the person's cognitive load compared to audio feedbds.[Although Nasseret al.reported that
thermotactile feedback outperforms vibration feedback in providing directional cé€k jt may
require additional Peltier modules with smartphones. Based on these previous studies, we design
the interface of Corridor-Walker to have multiple feedback modes, where each is used to convey
di erent information in di erent situations.

3 SYSTEM DESIGN

Our main goal is to support the blind user in navigating indoor corridors to safely arrive at their
destination without modifying the infrastructure of the building or requiring its static route map.

The typical situation is as followsA blind person is walking in an indoor corridor, such as those in

o ces, hospitals, and hotels. The person knows how many intersections they have to turn to reach
the destination. However, there are several obstacles in the corridor, which are blockingTihe path.
provide blind people with assistance in such situations, we designed the system to require only a
single smartphone with a LIDAR sensor. Since the LIDAR sensor emits infrared lasers to measure
the distance between the sensor and objects, the system can work well in an environment without
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