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Figure 1: Five core functionalities of WanderGuide. The system assists users in recreational exploration by explaining the
surrounding environment through images obtained from the robot’s camera. Users can adjust the level of detail and ask
questions about their surroundings. Additionally, the system can guide users to locations they have visited before.

Abstract
Blind people have limited opportunities to explore an environment
based on their interests. While existing navigation systems could
provide them with surrounding information while navigating, they
have limited scalability as they require preparing prebuilt maps.
Thus, to develop a map-less robot that assists blind people in ex-
ploring, we first conducted a study with ten blind participants at a
shopping mall and science museum to investigate the requirements
of the system, which revealed the need for three levels of detail
to describe the surroundings based on users’ preferences. Then,
we developed WanderGuide, with functionalities that allow users
to adjust the level of detail in descriptions and verbally interact
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with the system to ask questions about the environment or to go to
points of interest. The study with five blind participants revealed
that WanderGuide could provide blind people with the enjoyable
experience of wandering around without a specific destination in
their minds.
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Table 1: Comparison to previous work. Our work explores a unique characteristic that has not been investigated in the past.
In the Purpose row, “Navigation” refers to systems primarily designed to guide users to their intended destinations, while
“Perception” refers to those focused on understanding the surrounding environment. “Multi-purpose” refers to systems capable
of performing various tasks, and “Exploration” refers to those designed for navigating and enjoying facilities, characterized by
constantly discovering and changing goals (e.g., window-shopping [35, 37]).

System Map-less Purpose Independent from
Human Assistance Device

NavCog [72] ✗ Navigation ✓ Smartphone
CaBot [24] ✗ Navigation ✓ Robot
Tactile Compass [51] ✗ Navigation ✓ Handheld Device
ChitChatGuide [37] ✗ Exploration ✓ Smartphone
Kayukawa et al. [39] ✗ Exploration ✗ Robot
Corridor-Walker [46] ✓ Navigation ✓ Smartphone
Snap&Nav [43] ✓ Navigation ✗ Smartphone
PathFinder [45] ✓ Navigation ✗ Robot
WorldScribe [13] ✓ Perception ✓ Smartphone
GPT-4o Demo [62] ✓ Perception ✓ Smartphone
MLLM Powered Applications (e.g., Seeing AI [56]) ✓ Perception ✓ Smartphone
RSA [1, 7] ✓ Multi-Purpose ✗ Smartphone
WanderGuide ✓ Exploration ✓ Robot

1 Introduction
Exploration is a fundamental skill that allows one to gain familiarity
with novel environments that blind people do not know. Sighted
people explore by visually perceiving points of interest (POI) and
navigating to desirable destinations. However, blind people face
significant challenges in independently exploring new environ-
ments [17, 58]. They typically rely on sighted assistants, such as
friends or family members, to help them navigate and describe
their surroundings. Unfortunately, these assistants are not always
readily available, resulting in limited opportunities for blind people
to explore independently.

Over the past recent years, various guide systems [40, 44, 54],
that are aimed for navigation [49, 72] or exploration [37, 39], have
been developed to guide blind people and provide details about sur-
rounding POIs in the environment. These systems typically rely on
prebuilt maps and localization infrastructure (e.g., Bluetooth Low
Energy (BLE) beacons [14, 30, 41, 59, 72] and ultrawide-bandwidth
beacons [53]) that are highly customized to the environments to
continually update their current locations and offer turn-by-turn
navigation guidance. As access to the prebuilt maps also allows
these systems to convey information about nearby POIs while nav-
igating, some systems are specialized in assisting exploration activ-
ity [37, 39]. However, only a limited number of guide systems (e.g.,
InclusiveNavi [30] and BlindSquare [8]) are publicly deployed be-
cause configuring and maintaining prebuilt maps and localization
infrastructure is expensive, and it is infeasible for them to be de-
ployed in unseen environments. Several systems that do not require
maps, as well as remote sighted assistance (RSA) [1, 7, 36], have been
developed to guide blind people in various locations [19, 45–47].
However, these systems primarily focus on navigation to target des-
tinations, not exploration, thus providing only navigation-related

information to users (e.g., intersections [45, 46] and signs [45]).
These systems are also not independent from human assistance.
To promote social inclusion and equality for blind people, there is a
need to develop amap-less guide system that assists blind people in
exploring diverse novel locations without relying on prebuilt maps
or infrastructure.

To bridge the gaps and address the shortcomings of existing
systems, we developed a system with the following characteristics
as shown in Table 1: 1. Our system does not rely on prebuilt maps
or preinstalled infrastructure. 2. Our system focuses on exploration.
3. Our system does not require supplementary assistance from
humans. 4. Our system can automatically guide users physically
during exploration. None of the prior systems possess the combi-
nation of all these characteristics. Given that the design space for
a map-less exploration guide robot remains underexplored, this
work aims to investigate and establish the key components of such
a system. We begin by selecting a wheeled robot platform as the
device. The decision to use a wheeled robot is based on its ability
to autonomously guide blind users. It alleviates the challenge of
navigation, which is cognitively demanding while learning about
the surrounding environment. Additionally, we equip the robot
system with the ability to convey real-time information about the
surrounding environment to users using natural language, accom-
plished through a multimodal large language model (MLLM [62]).

Using our prototype system, we employed an iterative process
with the direct involvement of target users to develop our system.
In the formative study, the participants were asked to follow the
robot, which was controlled in a Wizard-of-Oz fashion [68], along
predetermined routes while listening to the environment descrip-
tions. The study revealed three groups of user preferences in the
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system's descriptions with respect to varying levels of details in
the descriptive information received. It also revealed requirements
in certain functionalities, such as revisiting locations where the
system had mentioned, specifying directions to proceed, and obtain-
ing in-depth information through question-and-answering (Q&A)
functionality.

In the second stage, taking the lessons learned from the �rst
study, we presentWanderGuide, a map-less exploration system for
blind people (Fig. 1). Taking into consideration the previously dis-
covered three groups of user preferences, the system o�ers three
modes for describing the surroundings: (1) Detailed description �
in-depth information with high granularity, (2) Balanced-Length
description � balanced level of information, and (3) Concise de-
scription � minimal but essential details for obtaining quick aware-
ness. We also implemented various new features based on the feed-
back received from the �rst study, which includes adopting a high-
resolution �sheye camera for better perception of the surrounding
environment, allowing users to verbally interact to query about the
environment and set explored POIs to be navigation destinations,
and allowing users to use directional buttons to control the robot
for navigation towards the direction of interest. Our system is also
fully integrated with the automatic mapping, localization, map-less
navigation, and obstacle avoidance functions of the wheeled mobile
robot.

Finally, we conducted a main user study with �ve blind partici-
pants, who were asked to freely explore two �oors of the science
museum. All participants appreciated the experience of wandering
freely without a �xed destination, and they expressed their desire
to use the system to explore both familiar and unfamiliar areas.
Participants also highlighted the need to incorporate recognition
of auditory cues from the environment. Additionally, di�erences in
how they interacted with the system were observed: one frequently
used buttons to guide the robot towards their areas of interest, one
passively followed the robot, and others often asked questions. We
also identi�ed a limitation in the system's MLLM when conveying
detailed information about the surroundings, such as identifying
speci�c names of objects, which suggests the need for further devel-
opment in how we input information into the MLLM for exploration
purposes.

To the best of our knowledge, our work is the �rst to investigate
the design space of a map-less system for blind people to explore
independently. To this end, we made the following contributions.

� We formulated the requirements for the system through a
formative study, such as the ability to adjust the level of
description based on user preferences and to guide users to
previously visited locations of interest, thereby enhancing
the exploration experience.

� We developed a full stack map-less exploration system that
consists of a waypoint detection algorithm and an MLLM-
based perception interaction system on top of an existing
navigation guide robot. Additionally, we integrated several
functionalities based on the formative study that facilitates
the exploration experience.

� We con�rmed key design requirements, such as varying the
level of descriptions based on user preferences through a
usability study. We also gained further insights into users'

interaction preferences and into design implications for im-
proving the system, including better recognition of audio
cues.

The codes of the system are publicly available in the following
link: https://github.com/chestnutforestlabo/WanderGuide.

2 Related Work
2.1 Exploration for Blind People
Previous research has emphasized the importance of exploration for
blind people to familiarize themselves with the environment [34]
or for enjoying recreational areas where exploration is essential
(e.g., museums [39] or shopping malls [35]). The investigation by
Engelet al.[17] shows that 59.4% of the blind population in the
study travels to unfamiliar buildings several times a week, but often
cannot explore independently, because they rely on sighted assis-
tants with limited availability. While learning routes and POIs in
a building could also be achieved by searching online [17], using
interactive maps [60, 64, 71, 79] or applications [22, 31], on-site
exploration by blind people is also important because by doing
this, they receive rich sensory information and gain a better sense
of independence [35]. This overall experience motivates them to
explore by themselves [23, 35]. Focusing on on-site exploration,
researchers have investigated the information needs of blind peo-
ple [5, 28, 34, 35, 80], and found that it is essential to include
high-level understanding of the environment (e.g., layout informa-
tion [34]) as well as speci�c details such as the names of the shops
and brands [5]. Additionally, researchers noted that safety during
navigation is crucial, as safety concerns can dominate the cognitive
load and impede the rich exploration experience [11, 34, 85].

2.2 Assistance Systems for Blind People To
Explore

Robotic guide systems have the advantage of addressing the mo-
bility challenges of blind people with their automatic guidance
capability. CaBot [24], the �rst guidance robot that adopted the
form of a suitcase, guides users to speci�ed destinations while
referring to prebuilt maps or using an object detector to convey
surrounding information. Among them, some are specialized in
exploration [2, 3, 39]. A robot system by Kayukawaet al.[39] allows
users to explore by interactively setting destinations on a smart-
phone and by calling a museum guide to explain the surroundings.
However, both systems heavily rely on prebuilt maps and operate
in limited locations where the destinations are readily available.
Ultimately, our goal is to develop a system that does not require
prebuilt maps and enables blind people to explore independently,
i.e., without relying on sta� assistance within the facility.

Navigation systems for blind people that do not rely on prebuilt
maps and infrastructure,i.e., map-less navigation systems, have also
been proposed in prior research. Besides real-time perception out-
comes, these systems primarily depend on externally sourced route
information, such as prior route knowledge from blind users [46,
47], routes described by nearby pedestrians [42, 45, 67], and ana-
lyzed images of �oor maps captured in buildings [43]. For example,
PathFinder [45] is a map-less navigation robot system designed to
guide blind users to their destinations based on prede�ned routes.

https://github.com/chestnutforestlabo/WanderGuide
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The system autonomously navigates users by utilizing an intersec-
tion detection algorithm [83] and a sign recognition algorithm [45].
These algorithms enable users to determine the correct direction to
proceed at key decision points. The system's evaluation found that
it is necessary to include functionality that takes users back to their
starting location after reaching their destination when navigating
unfamiliar buildings. However, these map-less navigation systems
are tasked with reaching a speci�c destination and are not suitable
for exploration, as they only focus on providing information related
to reaching the destination (e.g., intersections and signs [45]). In an
exploration scenario, any information about the environment may
prove valuable, such as layout information [34]. In our study, we
aim to explore the underexplored design space of map-less guide
robots for exploration purposes, such as how the system should
describe surroundings and what are the task-speci�c functionality
requirements.

2.3 Autonomy and Control Methods of
Assistant Systems

Researchers have emphasized autonomy,i.e., the ability for users
to select destinations and routes according to their interests, as an
important factor for exploratory activities [37, 38]. To this end, re-
searchers have investigated various control methods based on user
inputs [67, 85]. For example, systems with prebuilt maps adopted
selecting destinations from a premade list of stores [38, 72], or via
conversation [37, 72]. In the case of map-less systems, researchers
have adopted feedback-based closed-loop processes to leverage both
human inputs and system control. Examples include users specify-
ing proceeding directions at intersections while the robot provides
automated guidance to the next intersections [29, 34, 45, 47, 67].
Zhanget al. [85] reported that the preferred level of control by
blind people may vary depending on context. Therefore, we exam-
ine the level of control between users and robots under the novel
exploration context.

2.4 Scene Description for Blind People
Knowledge of surrounding information is crucial for blind people
to explore [37]. Tools for blind people to understand their surround-
ing environment have been commercially deployed and the topic
remains an ongoing area of research. While researchers have pro-
posed tools using visual captioning [70] and question-answering
models [25] to help blind users understand scenes, these often fail
to provide accurate descriptions at diverse locations [16]. Alterna-
tively, RSA applications (e.g., Aira [1] and BeMyEyes [7]) have long
been a practical aid for providing blind people with surrounding
scenes. However, RSA systems are not suitable for our task, as
the service quality depends heavily on the sighted assistance pro-
vided [36]. RSA services may also not be sustainable for extended
use until users feel fully satis�ed with their exploration experience.
With the emergence of LLMs and MLLMs, scene describing sys-
tems (e.g., Seeing AI [56], BeMyAI [6] and GPT4o-demo [62]) have
been developed, which enable blind people to understand scenes
in diverse scenarios [21, 81]. ChitChatGuide [37] employs LLMs
to interpret predetermined maps and deliver exploration-related
information during navigation to a speci�ed destination. However,
unlike our system, it relies on prebuilt maps and lacks the capability

to provide real-time information. MLLM-based systems, such as
WorldScribe [13], o�er real-time information by analyzing captured
images. WorldScribe [13] also adapts the level of description based
on user context, such as the speed at which the device is moved.
Our WanderGuide similarly provides three levels of descriptions
but the selection is adjusted based on individual user preferences
rather than situational context. On the system level, the core distinc-
tion is that WanderGuide combines MLLM with a navigation robot,
allowing users to concentrate fully on the descriptions of novel
environments and navigate to interested places. This combination
makes WanderGuide particularly well-suited forexploration while
navigating.

3 System Design Focus
Our goal is to �nalize a system that assists blind people in exploring
an indoor environment independently. In this section, we describe
the key design elements of the system.

3.1 Device
Assistance systems for blind people have been proposed in various
devices, such as smartphones [65], handheld haptic devices [15, 51,
75], wearable devices [49], cane-like devices [67] and robots [52].
Each type of device o�ers unique advantages - Smartphones and
handheld haptic devices are portable; Smartphones are also widely
used by blind people [55, 57]; Wearable devices free the user's
hands [48]; Cane-like devices resemble traditional canes [67]; And
robots are able to autonomously guide users [24]. While handheld
devices [15,51,65,67,75] have often been used due to their portabil-
ity, in exploration scenarios, they require users to point the devices
in their directions of interest while navigating around unfamiliar
locations and obstacles, which involve high cognitive load. Thus,
we chose robots because of their autonomous navigation and ob-
stacle avoidance capabilities. This allows users to concentrate on
learning the environment [11, 34, 85]. In particular, we adopted
a wheeled robot [24, 78, 85]. While wheeled robots are unable to
navigate stairs like quadruped robots [11], blind users often �nd
wheeled robots more suitable due to their silence and stability [78].
Our assumption is that the devices should ensure the users' safety
during navigation and allow users to focus on exploration. As a
result, the �ndings in our study can be extended to any similar
devices other than wheeled robots.

3.2 Describing Scenes
Previous navigation systems relied on hardcoded information [37,
72] or simple image captioning models [70] to provide scene de-
scriptions. They only convey information related to navigating
to destinations. In exploratory tasks, any information and details
could be relevant. Therefore, we decided to use MLLM, a foun-
dational model capable of recognizing a variety of objects and
describing them in natural language. We injected MLLM into the
system to periodically provide comprehensive information about
the surroundings to inform blind users during exploration. In this
paper, we investigate the appropriate presentation format, such as
content types and lengths, and the quality of the responses from
MLLMs through our user studies.
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Figure 2: Image of the robot and handle interface used in the study. Panel A-1 shows the robot used in the formative study,
while Panel A-2 presents the robot used in the main study. Panels B-1 and B-2 illustrate the mapping of the handle interface
buttons' functions, depending on the selected navigation mode.

3.3 Interaction
The ability for users to select destinations and routes according
to their interests, often referred to as autonomy, is particularly
important for exploration [37, 38]. In our system, to what extent
users prefer to take control over the robot (i.e., interaction) remains
unknown. Based on the scene descriptions given by the system [37],
some blind users may fully embrace letting the robot guide them
automatically, while others may prefer to decide which way to go
on their own. Additionally, this preference may also be in�uenced
by the robot's descriptions of the scenes. Given that the extent of
user preference for autonomy remains unclear, we �rst conducted
the formative study (Sec. 4) to explore the requirement of auton-
omy based on interaction needs. Then, we conducted a full study
(Sec. 6) to evaluate the users' opinions on autonomy in our im-
proved system, which integrated the feedback from the formative
study.

4 Formative Study
We �rst conducted a formative study to investigate the require-
ments of the system, such as how the system should explain its
surroundings and what potential interactions may happen between
the robot and the user. To conduct the study, we recruited ten partic-
ipants through our existing email list. Interestingly, our recruitment
emails were shared among blind people, eventually reaching peo-
ple not on our emailing list. In the recruitment email, we speci�ed
that those who are unfamiliar with the experimental location,i.e.,
even if they have had previous visiting experience, they do not
have a clear understanding of the building or know what is there,
would be eligible to participate. Tab. 2 shows the demographics of
the participants. All studies in this paper have been approved by
our institution's review board. Informed consent was read out to
all participants in this paper and obtained from them. The study
took approximately two hours, and the participants were compen-
sated $20 per hour and reimbursed for their transit costs. Only one
participant was present for each session.

4.1 Prototype System
We developed our prototype robot system according to Sec. 3. It
was based on an open-source robot platform1 and could guide
users while explaining the surrounding environment. To ensure
that the participants experienced the same level of autonomy, we
used teleoperation, a Wizrd-of-Oz-based approach [68], to force the
robot to be in full-automatic mode when guiding the participants.
We adopted a suitcase-shaped wheeled robot for this study. The
suitcase's appearance allows blind users to seamlessly blend into
their environment, leading to higher social acceptance from users,
surrounding pedestrians, and facility managers [38]. As shown in
Fig. 2�A-1, the robot has a handle embedded with �ve buttons,
a touch sensor beneath the handle, a 360� Velodyne VLP-16 Li-
DAR sensor [63] sensor, three RGBD cameras with resolutions of
640Ö360, one RealSense D455 camera [33] mounted at the front,
two RealSense D435 cameras [32] on the left and right, and a pair
of motorized wheels in di�erential drive con�guration. Inside the
suitcase, it has Ruby R8 powered by an AMD Ryzen R7-4800U
CPU [61], and a Jetson Mate featuring multiple Jetson Xavier NX
GPUs [76]. The RGBD cameras were attached 0.51 meters above
the ground. The touch sensor detects whether or not the user is
holding the handle and moves only when it is being held by the
user. The cameras combined have a horizontal �eld of view of ap-
proximately 180� . The weight of the robot is approximately 15kg.
We set the default speed of the robot to 0.5 meters per second to
maintain a balance between a comfortable walking speed and a
speed that allows su�cient time to absorb the scene description
audios. A smartphone is attached to the suitcase to provide audio
feedback through a neck speaker worn by users, connected via
Bluetooth.

To convey the surrounding information to the participants, we
used GPT-4o [62], a popular MLLM model. We inputted the images
from the three RGBD cameras into the MLLM model and asked the
model to generate descriptions of the surrounding environment.
The robot was designed to describe surrounding information 5-10

1https://github.com/CMU-cabot/cabot
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Figure 3: Floor maps of the location of the study. The left panel shows the two �oors of the science museum, the �fth �oor of
Miraikan, which feature exhibits on various topics, such as environmental issues and space exploration. On the right panel is
a �oor plan of a shopping mall, the fourth �oor of Toranomon Hills Station Tower, which includes a variety of restaurants
o�ering di�erent cuisines, including French, Japanese, Chinese, and cafes.

seconds after the end of the previous description every time. We
engineered the prompts to ask the MLLM model to �rst provide
a general overview of the scene, followed by speci�c details on
the left, front, and right. We asked the descriptions to include as
many objects as possible and incorporate layout information, such
as navigable directions and the presence of walls [34]. The pro-
cessing time and cost to generate a description was 6.087 seconds
and $0.00740 on average. We attach the full prompts in Appendix
Sec. A.2.

4.2 Experimental Location
To ensure the diversity of the �ndings we would obtain from this
study, we conducted the study in two di�erent locations. We chose
to conduct our studies in a science museum and a shopping mall,
as these are locations where people typically engage in exploration,
and they have been utilized in previous research [2, 3, 37]. A mu-
seum is generally a place for learning about exhibits, while a shop-
ping mall often requires exploration both before and during visits
to stores. Speci�cally, we used the �fth �oor of Miraikan2 for the
science museum and the fourth �oor of Toranomon Hills Station
Tower3 for the shopping mall. The �oor map of the science museum
is illustrated in the left panel of Fig. 3, which contains two �oors,
both primarily featuring science exhibits. For the studies, the order
of the two �oors was counterbalanced. The study in the museum
was conducted after business hours, during which customers were
absent, but sta� were present for their duties. The �oor map of the

2https://www.miraikan.jst.go.jp/en/
3https://www.toranomonhills.com/

shopping mall is illustrated in the right panel of Fig. 3, a �oor that
contains several restaurants from various countries. The study in
the shopping mall was conducted during regular business hours. As
shown in Tab. 2, the study with P01�P05 took place in the science
museum, and the study with P06�P10 took place in the shopping
mall.

4.3 Procedure
For each participant, we �rst conducted a pre-study interview to
learn about their experience in exploring buildings, followed by an
explanation that the study aimed to gather their opinions on a guide
system designed to assist with exploration. Then, participants were
given a task to navigate the predetermined route (red arrow of Fig. 3)
guided by the robot. Adopting a Wizrd-of-Oz-based approach, an
experimenter controlled the robot to navigate along the route and
stop when there were nearby pedestrians. During exploration, the
robot periodically generated descriptions of the scenes. We show an
example of the generated description in Fig. 4. After the exploration,
we asked the participants if there were any additional things they
wanted to do to partially simulate the potential interaction, such
as going to additional places or going around the �oor again for
more exploration. Finally, we conducted a post-interview session
to gather their feedback on the system.

4.4 Result
4.4.1 Interests to Exploration.All participants stated that totally
independent exploration is challenging, but they expressed a desire
for exploration if a guide system can help them do so. For example:
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Table 2: Demographics of participants who attended the formative study. The table reports their gender, age, navigation
aid, which they frequently use, frequency of exploration done either independently or with sighted people per year, their
experimental location, number of previous visits to the experimental location, and analyzed preference.

Gender Age Aid
Age

of Onset
Frequency of

Exploration per Year
Experiment

Location
Number of

Previous Visits
Preference Analysis

P01 F 64 Cane 44 48 Science Museum 1 Exploration-Inclined
P02 M 53 Cane 13 36 Science Museum 0 Destination-Oriented
P03 M 74 Cane 0 1 Science Museum 0 Destination-Oriented
P04 F 54 Cane 0 12 Science Museum 0 Exploration-Inclined
P05 M 56 Cane 52 2 Science Museum 0 Intermediate
P06 M 32 Cane 0 12 Shopping Mall 0 Intermediate
P07 F 55 Cane 52 0 Shopping Mall 1 Exploration-Inclined
P08 M 63 Cane 22 12 Shopping Mall 0 Intermediate
P09 F 78 Guide dog 22 12 Shopping Mall 0 Destination-Oriented
P10 F 49 Cane 3 1 Shopping Mall 0 Exploration-Inclined

C1:�I don't really explore much. I go out with a speci�c purpose in
mind [...] The reason is that it's just too bothersome. But I do think
it would be fun if I did [...] I'm more of an old-timer, so exploration
never really caught my interest. It's not that I didn't care at all, but
perhaps I've been living this way (not to explore).4 (P02)

4.4.2 Positive Feedback and Appreciated Information.Seven par-
ticipants (P01, P04�P08, and P10) expressed their enjoyment while
navigating with the robot, particularly with the provided surround-
ing descriptions, as described in the following comment:C2:�My
�rst impression was that it was a lot of fun. The reason is, as you just
mentioned, unlike the person I usually walk with, the system provided
detailed explanations about things like the color of the walls and the
signs we saw and even described how the chef was preparing the food.
Normally, you might get some of this information from others, but
it's rare to get such thorough details. I found myself thinking, �Oh, I
see, that's how it looks to sighted people,� and I felt there was a lot of
new information. In that sense, I really enjoyed it.�(P07)

Participants appreciated a variety of real-time details about their
surroundings, notable examples include patterns on the walls, light-
ing conditions, subjective descriptors such as �beautiful,� the pres-
ence and actions of nearby people, the existence of signboards, the
layout of the environment, and the visibility of a chef in an open
kitchen. Additionally, P10, who requested to walk around the �oor
again, noted that receiving di�erent descriptions of the same loca-
tion was bene�cial, as it gave them a sense of presence:C3:�The
system mentioned those things, as well as details about the plants and
wall decorations. It's like, you talked about so many di�erent things
that it feels like I was actually looking around myself. Honestly, most
of the time, I get so occupied with just reaching my destination that I
don't notice things around me. [...] The system also mentioned things
in the second round of explanations that weren't covered in the �rst
round, which was nice. It conveyed a sense of the ongoing atmosphere
and gave a good understanding of the situation at the time.�(P10)

4The comments were obtained in the native language where the study was conducted.
We translate the comments into English using publicly available LLM to ensure repro-
ducibility. We show the full prompt used for translation in Appendix Sec. A.1.

4.4.3 Information Needs.Participants hoped for further polishing
of the delivered information about the scenes. Six participants (P01�
P03, P06, and P09�P10) felt the information conveyed about the
surroundings was too abstract, indicating the need for more speci�c
information: C4:�The system talked about there are just exhibits, or
there's information on panels, but I think it would be nice if the system
talked about speci�c titles. There are places where the system talked
about them, but there are also places where it did not, so I found myself
wondering about that.�(P01) In particular, three participants (P02,
P03, and P09) commented that the descriptions neither helped them
learn the environment nor make decisions such as determining
which shops or exhibits to enjoy:C5:�I expected it to at least tell
me the name of the store, but it was disappointing to �nd out that
it didn't do that at all. I really wish there was a system that could
provide pinpointed information about what I want to know. Especially
in an unfamiliar restaurant area, for example, if I come alone and use
the device to enter the premises, it starts running, and then when I
think, �Oh, should I have Japanese food today, or maybe tonkatsu?�,
without such information, I end up just walking around aimlessly.�
(P09)

Participants also described speci�cs about what types of informa-
tion would be bene�cial to include, such as the position of objects
given in meters and clock directions, the availability of seats, people
on collision paths, identities of surrounding individuals (e.g.sta�),
and speci�c names of objects. In science museums, participants also
wanted to know whether exhibits are touchable. In shopping malls,
participants also wanted to learn the store menus and whether
there is a spacious area for a guide dog to rest while the user is
eating. However, three other participants (P02, P03, and P09) found
certain information, such as details about lighting, surrounding
people, and wall design, unnecessary.

4.5 Design Considerations
The results of the study a�rmed that there are certain apprecia-
tions and room for improvement for the exploration robot for blind
people. Based on the above results, we derived several requirements
for the system, as listed below.
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