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Fig. 1. Our system first requires a sighted assistant to capture an image of a floor map that is commonly
available at buildings. The system extracts a node map from the image by applying a map analysis algorithm.
Then, the system plans a path to the selected destination by a blind user and navigates them to the destination
by using an intersection detection algorithm.

We present Snap&Nav, a navigation system for blind people in unfamiliar buildings, without prebuilt digital
maps. Instead, the system utilizes the floor map as its primary information source for route guidance. The
system requires a sighted assistant to capture an image of the floor map, which is analyzed to create a node
map containing intersections, destinations, and current positions on the floor. The system provides turn-
by-turn navigation instructions while tracking users’ positions on the node map by detecting intersections.
Additionally, the system estimates the scale difference of the node map to provide distance information. Our
system was validated through two user studies with 20 sighted and 12 blind participants. Results showed
that sighted participants processed floor map images without being accustomed to the system, while blind
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participants navigated with increased con dence and lower cognitive load compared to the condition using
only cane, appreciating the system's potential for use in various buildings.
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1 INTRODUCTION

A major challenge in dalily life for blind people is to navigate to their destinations in unfamiliar
buildings. As they need a long-term familiarization of buildings for independent navigation with
canes and guide dogs, they usually need to rely on sighted assistance by asking to accompany them to
their destinations or asking them for the routel) 3. The reliance particularly becomes repetitive
when they need to travel to multiple destinations, signi cantly impeding their independence.
Nonetheless, many prefer not to rely on sighted people but rather to travel independently by
themselves 10, 3§. Thus, to assist blind people in navigating to their destinations independently,
many navigation systems have been proposed in past years. The majority of these systems use
prebuilt digital mapsij.e, maps that contain locations and descriptions about points of interest (POIs),
and localization methods to provide users with turn-by-turn navigation instructiorig[29, 32, 44.
While these systems are promising solutions for navigating blind people in unfamiliar buildings,
these systems are often unavailable in public, as prebuilt digital maps are costly to depBp¥.
In response to this issue, navigation systems that do not require prebuilt digital maps have been
proposed in recent yeare[, 28 30, 31, 43. These systems assist users by leveraging real-time
sensing results from various sensors to convey information about the environment and have
users decide their decisions at each intersection. As these systems don't possess any pre-existing
knowledge of the route users need to walk, users or systems must rely on external route information
to be used. Previously, this route information was sourced from sighted people who provided
descriptions of routes{7, 28 43. However, the descriptions of routes provided by sighted passershy
can be an inaccurate source of informatio®]. Also, it can be cumbersome for blind users to
constantly ask for routes when they need to go to a new destination using these navigation systems.
In this research, we propose Snap&Nav, a navigation system that utilizes an image of a oor
map in a building, which contains a walkable path along with hames of possible destinations,
as an information source of the environment, thereby eliminating the need for prebuilt digital
maps (Fig. 1). Firstly, to use oor maps for navigation, it is necessary to obtain the image of the
oor maps for the system. As blind people may have di culty in capturing an image of the target
object by themselves[, 25, we designed the system such that sighted people capture oor maps
instead of blind users. Also, from the oor map image, it is necessary to extract information such
as intersections, possible destinations, connection relationships, and the user's initial position and
orientation for guidance to the destination. While intersections, destinations, and their connections
can be extracted by utilizing image processing or computer vision algorithms on a oor map
image p1], the users' position and orientation are not always apparent in all oor maps. Thus,
we designed the system so that sighted assistants annotate the blind user's initial position and
orientation. After a sighted assistant captures animage of a oor map, the system analyzes the image
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and creates a node map, which is a map involving the aforementioned information represented
by nodes and connections. Secondly, by using the extracted node map, the system navigates blind
people who hold the smartphone in their hands. To use the node map for navigation, it is necessary
to continuously localize the user's position on the node map to provide turn-by-turn navigation
instructions. In our approach, users scan surroundings with the smartphone, and the system detects
an intersection in the real world and localizes the user's position by comparing its shape to that of
the node map.

We implemented Snap&Nav by prototyping two functionalities, namely the map analysis and
navigation, and conducted two user studies to assess the validity of the design of Snap&Nav. The
rst user study was conducted with 20 sighted participants to evaluate the usability wherein a
sighted person captures an image of a oor map and annotates the position and orientation of a
blind user. The study revealed that most participants were able to use the system without being
accustomed to the system, but also revealed improvements such as the need for speci cation of how
to verify whether the generated map is correct. Then, the main study was conducted with 12 blind
participants. We prepared two conditions:sgstem-aidedondition where they navigated using the
proposed system, and@ne-onlycondition where they navigated with a description of routes by
sighted people. Participants were asked to navigate to multiple destinations in sequence. Throughout
the study, we revealed that usage of our system enabled participants to navigate with increased
con dence and reduced cognitive load, without a ecting the task completion time. The participants
generally appreciated the fact that they did not have to ask for route descriptions multiple times
when using the system, which allowed them to gain more independence by relying less on sighted
people. Additionally, ten of the blind participants expressed that they nd it acceptable to involve
sighted assistants, given the potential bene ts they would receive.

The code will be publicly available on the following link https://github.com/chestnutforestlabo/
Snap-and-Nav.

2 RELATED WORK
2.1 Assistance Systems Using Prebuilt Digital Maps

To provide blind people with an advanced understanding of the environment and routes, systems
have been proposed that leverage tactile mapg fi5 50 or virtual environments [L7, 23. In
particular, one common solution for navigating blind people to a destination in buildings was
to use a prebuilt digital map of the building with infrastructures for localization. For example,
such systems would utilize localization methods that would rely on Bluetooth Low Energy (BLE)
beacons{, 16 26 37, 46, visual features 29 55, magnetic signatureslq or radio frequency
identi er (RFID) tags f+1]. However, they are not available in every building, as they usually require
additional prebuilt digital maps and infrastructure for localization, which needs cumbersome
preparation and maintenance. In contrast, our proposal is to analyze the layout of the building
from oor maps commonly found at entrances, o ering a more cost-e ective solution.

2.2 Navigation Systems without Maps

Systems that aim to navigate blind users to their destinations without needing prebuilt digital maps
have also been proposed. Since these systems do not have prebuilt digital maps, they primarily
depend on real-time sensing and route information sourced externally, such as prior route knowl-
edge from blind peopled0, 31] or route descriptions by sighted peopl€7, 28 43. In particular,

route descriptions have been utilized to navigate blind users in unfamiliar environments, such
as ones described by experiment@7[43 or sighted people 2g. However, the usage of routes
described by the sighted people leads to three major limitations. Firstly, route descriptions provided
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by sighted people may be inaccurate, which may lead blind users to reach the wrong destinations.
Secondly, blind users need to ask for descriptions of routes multiple times when they have to
travel to multiple destinations, leading to less independence for blind people. Finally, users need
to remember described routes, which can potentially cause navigational errors, particularly in
lengthy routes, due to mistakes in memorization. Thus, we aim to utilize an image of oor maps
instead of route descriptions from sighted people as an external knowledge of the system without
prebuilt digital maps. This approach could potentially overcome three limitations by providing
more accurate information than routes described by sighted passersby, navigating to multiple
destinations by referring to the analyzed map, and eliminating the need for users to memorize
route descriptions.

2.3 System Using Indoor Floor Map Analysis

Researchers have proposed various methods for creating navigation routes with edges and nodes
from oorplans of buildings [6, 14, 33 40, 47, 54. While oorplans accurately represent a oor's
structure, these are not often available for public usage, which impedes assistance systems from
using them for navigation purposes. Prior research proposed analysis systems for oor maps
(i.e, ones found on information boards in shopping malls or at entrances of buildings) to extract
walkable areasdZ or localize the user's position in shopping mall$]]. Following previous
research, we prototype a method to analyze oor maps, but for navigation purposes for blind
people. To provide turn-by-turn navigation instructions, the system extracts information such as
intersections, destinations, and their connections and generates a hode map.

3 SYSTEM DESIGN

The proposed system, Snap&Nav, has a map analysis module and a navigation module (Fig. 1).
The map analysis module is aimed to be used by a sighted assistant, by having a blind user ask
sighted people to use this module. Then, based on the analyzed map, blind users could select the
destination and navigate using the navigation module. The system is designed to acquire the route
to destinations from a oor map, which is commonly available in buildings. Thus, the advantage of
this design is that it has the potential to be used in various buildings that have oor maps, without
any preparation. To realize the design described above, we implemented the system on the iPhone
12 Pro, which is a smartphone equipped with a LiDAR sensor.

3.1 Map Analysis Module

To provide blind users with turn-by-turn navigation instructions, this module in the system creates
anode map consisting of information of intersections, destinations, and the position and orientation
of a blind user. Users of this module are sighted assistants (Fig. 1). As they are expected to be
asked to use the system on the rst view, the interface of the system must be used without any
prior tutorial. Thus, we design the map analysis module to provide voice instructions to sighted
assistants. Firstly, the system instructs sighted assistants to capture the oor map image. Then,
sighted assistants are asked to annotate blind users' position and orientation in the captured image
by interacting with the system, as it is not always apparent in all oor maps. Then, the system
processes the captured image to extract a node map consisting of the positions of intersections,
destinations, and the blind user's position with their connections. Finally, the system asks sighted
assistants to determine whether the connections in the node map match the information in the
oor map. They can compare the node map displayed on the smartphone screen with the oor map.
If they determine that the generated node map is not su cient, they capture and annotate it again.
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Fig. 2. The figure showing how sighted assistants and blind users use the system.

3.2 Navigation Module

Firstly, blind users can select the desired destination from the list of extracted destination nodes.
Once the destination is selected, the system plans a path from the current user's node (Fig. 1). To
provide turn-by-turn instructions, the system tracks the user's position on the node may ywhich

nodes or connections users are in) by using the intersection detection algorithm to verify the shape
of their current intersection and match it with the intersection nodes on the node map. To guide
users to their destination, it's essential for the system to convey the distance they need to proceed
from the nal intersection. Therefore, the system calculates the scale di erence between the node
map and the real world by comparing the distance between two nodes in pixel space to the distance
between two real-world intersections in meters. Once the scale di erence has been obtained, it can
o er instructions accompanied by the distance covered after that intersection.

4 |IMPLEMENTATION: MAP ANALYSIS MODULE
4.1 Interface for Sighted Assistants

Fig. 2 shows the interface of Snap&Nav. When sighted assistants press the capture oor map
button on the initial screen, the system activates the camera, and with voice feedback, the system
instructs assistants to capture an image of a oor map so that it is placed in the center with minimum
lighting (Fig. 2-1). Then, assistants are instructed to annotate the position of blind users. Assistants
can either tap or drag on the image to specify the position of blind users, at which point a green dot
appears to indicate their location (Fig. 2-1). When the annotation is completed, assistants can tap a
button placed on the bottom of the screen to complete the annotation process of the position. Then,
the system provides voice feedback to instruct assistants in setting the orientation of the blind user
at any angle by using a swipe gesture on the image. When assistants swipe, a green arrow pointing
from the green dot will be displayed in the swiped direction (Fig. 2-2). Finally, assistants can tap a
button on the bottom to complete the whole annotation process.

The system sends the image to a remote server to apply a map analysis algorithm (Sec. 4.2). After
the analysis, the system receives and displays the image of the analyzed node map from the server.
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Fig. 3. The figure showing floor map analysis algorithm

Assistants can verify if the image is accurately analyzed (Fig. 2-3). If not, assistants can repeat the
process by pressing the capture image button.

4.2 Floor Map Analysis Algorithm

We prototyped a map analysis algorithm. Our algorithm creates a node map, which is a repre-
sentation of a oor where each node corresponds to an intersection or a destination, and the
connection between each node represents walkable pathways. The node map consists of three
types of nodes: (1) a user node that represents the initial position and orientation of the blind user,
(2) an intersection node, and (3) a destination node. Speci cally, the node map will be obtained
by applying the algorithm described below to an RGB image (resolution of 403@24) obtained

by a smartphone camera on a remote processing server with RTX-3060 GPU with 8GB memory
capacity.

The red circular and rectangular icon in Fig. 3 represents the user's location. To prevent the
icon from a ecting the following image processing algorithm, we rst mask out the icon, which
indicates the user's position. To do so, we assume that the red color indicates the user's location
in this study and mask out colors close to red in the image. Then, the image is binarized, and
the connected component algorithm is applied to identify connected regions. The largest area,
which is expected to represent the path or corridor, is extracted (Fig. 3-1). Then, the skeletonization
algorithm [54 is applied to the extracted path area. After that, Harris corner detection is applied to
the skeletonized image to identify potential intersection nodes (Fig. 3-2). The connections between
these nodes are ascertained based on the connections presented in the skeletonized image. To
eliminate extra intersection nodes that were accidentally detected, we Iter out nodes with only
two connections where the connection angle exceéd§ , and get the intersection-only node map
(Fig. 3-3). Next, to nd destination nodes in the oor map, optical character recognition (OCH]) [
is applied to the original RGB image. As a result, multiple bounding boxes with destinations' names
are obtained (Fig. 3-4). The center point of each bounding box is extracted to represent the location
of each destination, which is then mapped to the nearest connection between nodes in the node
map. At the same time, the system determines on which side of the path the destinations are located
(Fig. 3-5). Finally, we map the user node, whose location and direction were annotated by sighted
assistants, to the closest connection (Fig. 3-6).
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Fig. 4. estions and responses from our study with 20 sighted participants. Responses are rated on a
seven-point Likert scale.

5 USER STUDY FOR MAP ANALYSIS MODULE WITH SIGHTED PARTICIPANTS

We conducted a user study to evaluate the map analysis module with 20 sighted participants (16
male and four female), aged 22 to 31 years old (mean=23.8 and standard deviation(SD)=2.3). Eighteen
participants were familiar with the experimental location, and two were unfamiliar. One aim of

this study was to investigate if sighted assistants could use the system without being accustomed
to it. This user study was approved by an Institutional Review Board (IRB), and informed consent
was obtained from every participant before the study.

5.1 Tasks and Procedure

We took participants in front of ve di erent oor maps, which are already available in the building.
Then, we asked them to use the system, assuming they were asked to do so by a blind person. The
experimenter, who acted as a blind person, stood within three meters of a oor map and faced
towards it. Before handing the system, we gave concise instructions to capture the oor map image
and annotate it by following the system's voice instructions. They were allowed to recapture and
repeat the annotation until they felt con dent with the generated node map. When participants
nished the task, we asked them to return the system to the experimenter.

The oor map participants rst capture using the system is the most important, as the map
analysis module is designed for scenarios where sighted assistants are asked to use it by blind
people. To ensure that each oor map is captured an equal number of times, we randomized the
order of capturing each oor map, with each oor map being captured rst by di erent participants
precisely four times. Finally, we interviewed participants with questions on Fig. 4. The whole study
was recorded and took 30 minutes in total. Participants were compensated with 7$. Below, we refer
to rsttrial asthe rsttask of oor map capturing andbverall trial as the all task of oor map
capturing.

5.2 Metrics

5.2.1 APLSIo evaluate the performance of the map analysis algorithm, we used Average Path
Length Similarity (APLS)11], which is a standard metric for evaluating node maps such as ones
generated from satellite images. The metric assesses the similarity between two node maps by
comparing di erences in their path lengths. This process involves identifying corresponding nodes
between the predicted node map and the GT node map. The algorithm calculates the shortest path
distances between all pairs of corresponding nodes using the Dijkstra algori#jnrahd records

these path lengths. Subsequently, it computes the ratio of the length di erences between these
paths. If a corresponding node is absent in the predicted node map, resulting in a missing path, a
maximum penalty of 1.0 is assigned. The nal step calculates the sum of the di erences between the
predicted node map and the GT node map. This sum is then averaged across all nodes and subtracted
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