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By the year 2023, the global population of individuals with impaired vision has surpassed 220 million.
People with impaired vision will find it difficult while finding path or avoiding obstacles, and must ask
for auxiliary tools for help. Although traditional aids such as guide canes and guide dogs exist, they still
have some shortcomings. In this paper, we present our wearable blind guiding device, what perform
navigation guidance through our proposed Gait-based Guiding System. Our device innovatively
integrates gait phase analysis for walking guide, and in terms of environmental perception, we use

multimodal sensing to acquire diverse environment information. During the experiment, we conducted
both indoor and outdoor experiments, and compared with the standard guide cane. The result shows
superior performance of our device in blind guidance.

1. Inroduction

As of 2023, the global population of individuals with
impaired vision exceeds 220 million [1]. The absence of
visual perception among these individuals gives rise to both
physical and psychological challenges, manifesting in issues
such as reduced efficiency in daily travel, difficulty navi-
gating unfamiliar environments, and an inability to navigate
obstacles accurately [2]. Coping with the extended treatment
cycles common in vision-related ailments necessitates the
use of aids to navigate the period of visual impairment [3].
Traditional guidance tools like guide dogs and canes, while
commonly employed, fall short in providing accurate guid-
ance in intricate and unfamiliar surroundings. Moreover, the
use of these aids poses a challenge by occupying the hands of
individuals with visual impairments, causing interference in
their daily lives. The training duration and costs associated
with guide dogs, along with the prolonged adaptation period
for guide canes, further compound the challenges faced by
individuals with visual impairments.

There are two main challenges in blind guidance: ob-
stacle avoidance, indoor and outdoor guidance. Numerous
blind guidance devices address these challenges by incor-
porating diverse sensors for environment perception. Deci-
sion algorithms play a pivotal role in path planning while
guiding the visually impaired. Auxiliary blind guiding de-
vices commonly leverage GPS technology [4] for outdoor
navigation. GIS [5] is a powerful tool for navigation, pro-
viding geographic and environmental information. In indoor
occasion, Light Detection and Ranging (LIDAR) [6] usually
integrated into some devices for expansive distance sensing,
Simultaneous Localization and Mapping (SLAM) [7] being
a powerful algorithm in this occasion, for map construction
and positioning with a LIDAR [8], camera [9] or millimeter
wave radar [10]. Furthermore, computer vision proves to
be an effective solution for both object identification and
obstacle avoidance [11].
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Challenges also exist in the approach to guiding the
blind along specific paths. The approach should be robust,
while not interfering the daily mobility of blind. It is im-
perative that any solution is fully wearable and imposes no
additional cognitive load. Regular methods already exist,
such as tactile [12], auditory [13], guiding dogs, force from
grounded kinesthetic assist [14]. Problems still exists, as
these approaches fall short in fully meeting the needs of the
visually impaired.

Recognizing the limitations of conventional methods,
our approach stems from the segmentation of human peri-
odic walking into gait phases based on the motion of the
lower limbs [15]. Derived from clinical medical analysis,
gait cycle phase is defined as a rthythmic movement of the
human lower limbs during walking, what makes human body
walking forward [16]. Gait analysis, a systematic method for
recognizing human walk [17, 18, 19], has found applications
in clinical diagnosis, identity recognition, and robotics [20,
21,22,23,24,25]. In the realm of wearable assistive devices,
successful collaboration between humans and machines is
essential for providing seamless and harmonious assistance
[26]. This underscores the rationale behind incorporating
gait phases into our innovative device.

Then it comes to our proposed wearable blind guiding
device, depicted in Fig. 1(A). The device integrates 2D LI-
DAR, GPS, Camera, and inertial measurement unit (IMU),
to provide environmental conception. Also integrates the
proposed Gait-based Guiding System, which consists of two
motors and two traction ropes tied to the thigh, the system
could be able to provide guidance to specific paths through
sensing and affecting gait phase of blind while walking in
appropriate gait phase. The total weight of the equipment
is 2kg, and the research and development cost amounted to
approximately $400, mass production could be as low as
around $200.

The structure of the remainder of this paper is as follows:
Section 2 outlines the methodology of our proposed device,
including the details of our innovative gait-based guiding
system. In Section 3, we present the results of our device,
delineate the experimental procedures, and highlight the
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Figure 1: Overview of the Proposed Blind Guiding Device. (A) The device incorporates multiple sensors and our innovative
gait-based guiding system. (B) Various sensors are employed to capture environmental information across different scenarios.

performance of our method in comparison to traditional ap-
proaches. Section 4 delves into detailed discussions. Lastly,
Section 5 provides conclusive remarks.

2. Methodology

In the realm of blind guiding devices, two essential
functions must be addressed: (a) environmental perception
and route planning, and (b) guiding individuals with visual
impairments along specific paths.

The environmental perception aspect is systematically
addressed through the strategic utilization of multimodal
sensors, with a more detailed exposition provided in subse-
quent sections.

The proposed method: Gait-based Guiding System is
called out to surmount the challenge (b), what could guide
human walking direction in proper gait phases. Analysis of
gait phase will be carried out, as well as our methodology of
gait cycle recognition and gait guidance while walking, to
provide a nuanced solution.

2.1. Environment perception

The proposed device is designed to cater to the demands
of daily use, prioritizing lightweight design and portability
while ensuring minimal environmental impact. A suite of
multiple sensors is incorporated to compensate for the visual
information lost by individuals with visual impairments,
facilitating efficient navigation toward predefined goals (see
Fig. 1(B)).

Global Positioning System (GPS) stands out as the most
effective navigation method, boasting an accuracy of less
than 2 meters in global positioning. To enhance outdoor
navigation precision, our novel Gait-based Guiding System
doubles as a pedometer when coupled with GPS. Addition-
ally, LIDAR provides effective distance perception within
a 30-meter range, playing a pivotal role in obstacle avoid-
ance. It employs a straightforward algorithm, delivering
commendable results in both indoor and outdoor settings.

In settings where GPS signals are inaccessible, par-
ticularly indoors, Simultaneous Localization and Mapping
(SLAM) is employed with 2D LIDAR. This technology aids
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Figure 2: Gait Cycle Phases. (A) Human lower limb gait cycle phases, comprising 2 main phases: stance phase and swing phase,
further segmented into 8 sub-phases. (B) The temporal distribution of each gait cycle phase. (C) The time curve of L, illustrating
the periods of gait cycle recognition and guidance on the right leg.

in positioning and map construction, complemented by a
pathfinding algorithm to proficiently navigate indoor spaces
and avoid obstacles. The integration of a camera serves as
an additive feature, employing the YOLOv3-tiny model for
object recognition across 80 categories. Audio cues inform
users upon the recognition of objects of interest.

For the device’s structural integrity, universal M3 screws
and plastic studs are utilized, offering accessibility and ease
of assembly. Employing an additive manufacturing process,
specifically 3D printing, ensures a cohesive design that
interconnects each module seamlessly. This approach min-
imizes material waste and contributes to a lighter overall
weight. The use of universally available components, cou-
pled with the simplicity of the assembly process—free from
welding or other intricate operations—renders the device
easily procurable and user-friendly. Additionally, strategi-
cally placed M3 screw holes are reserved for the potential
incorporation of additional sensors in the future.

2.2, Gait-based Guiding System

Human walk is inherently a periodic process, character-
ized by distinct swing and stance phases that can be further
segmented into various stages [27]. As illustrated in Fig.
2(a), the phases of gait have been divided into 8 phases
based on foot movement: initial contact, loading response,
midstance, terminal stance, pre-swing, initial swing, mid
swing, and terminal swing [19]. The temporal progression
of these phases is depicted in the time curve presented in
Fig. 2(b). Various approaches for gait analysis have been

employed, as documented in existing literature [28, 29].
Recognizing the significance of the thigh in the walking
process [30, 31], our focus is on utilizing thigh motion to
regulate the stride length of each leg.

Fig. 3(a) showcases the human thigh model alongside
our proposed Gait-based Guiding System. This model con-
sists of the human limb and our guiding system, capable of
sensing lower limb movements during walking and accu-
rately recognizing different phases of the gait cycle.

2.2.1. gait phase recognition and guidance

Recognition of the human walking gait cycle is facili-
tated through the incorporation of rotary encoders mounted
on the motors. Specifically, during the stance phase (refer to
Fig. 2(C)), thigh movement is measured through these rotary
encoders by sensing changes in the length (L) of the traction
ropes, as illustrated in Fig. 3(b). By the way, a controlled
amount of damping provided by the motors being needed,
so that the traction ropes can fully adapt to motion of thigh
while does not affect normal mobility. In general terms, the
human thigh can be considered as a rigid body. The dynamic
equation describing the movement of two legs is:

L) =R@) * L,

L=L +1L,

then:

L'=L|+L,=R®) * L + L,
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Figure 3: Overview of the Proposed Gait-Based Guiding
System. (A) The Gait-Based Guiding System comprises two
motors positioned in front of the human stomach, equipped
with rotary encoders, and two traction ropes connecting the
motors to the human thighs. (B) The alteration in traction
rope length (L) serves as a means for sensing the gait cycle. (C)
Auxiliary force from the motors, applied at specific intervals,
facilitates gait guidance, addressing asymmetry between the
inner and outer legs.
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Figure 4: Block Diagram of the Proposed Gait-Based Guiding
System for Steering. The steering angle is sensed by the
Inertial Measurement Unit (IMU), and the steering guidance is
facilitated through the Gait Phase Recognition and Guidance,
as discussed in the preceding section.

In the provided equation, £ and £’ represent the vectors
of the traction rope while walking, £; and E’l are the vectors
from hip joint to the thigh while walking. Integrating these
vectors with the movement of human legs during walking
allows us to construct a time curve for £, as illustrated in
Fig. 2(C).

2.2.2. Steering guidance based on gait

Previous research has demonstrated that the steering of
the human body involves asymmetry in stride length and
phase differences between the movements of the inner and
outer legs [32]. The theory has found practical application
in steering strategies for certain bipedal robots [23]. As dis-
cussed in the preceding section, our approach involves gait
control during specific phases to accomplish the objective of
steering guidance. Introducing an asymmetry in the control
strategy becomes instrumental in providing guidance for
steering during walking.

Our focus is on influencing the stride length and walking
phase of each leg, achievable through the coordinated action
of motors and traction ropes tethered to the thigh. This effect
is further elucidated in Fig. 3(C), illustrating the application
of auxiliary force based on our Gait-based Guiding System
during the swing phase (as depicted in Fig. 2(C)).

Mlustrated in Fig. 4, with the successful control of the
gait phase and the incorporation of feedback through the
Inertial Measurement Unit (IMU), a closed-loop steering
guide based on gait can be effectively achieved. Given that
the steering torque is not exclusively generated by the lower
limbs [33, 34], audio instructions become imperative, es-
pecially during significant steering angles, to offer advance
reminders.

To conserve energy, the traction rope is designed to relax
during straight walking and tighten when guidance is re-
quired. The closed-loop control of our proposed Gait-based
Guiding System can seamlessly integrate automatic control
algorithms, enhancing the overall efficiency and adaptability
of the system.

3. Results

We organized experiments on the functions of our de-
vice, such as obstacle avoidance and navigation. All partici-
pants wore eye masks, with an average age of 23 years old.
Since the walking speed and walking route being the most in-
tuitive evaluation indicator, we also conducted comparative
experiments between the proposed device and white canes.

3.1. Gait-based Guiding System experiment

In the experiment conducted on our proposed Gait-based
Guiding System, participants followed the path outlined in
Fig. 5(A). The time curve of £ and the response curve of
the steering angle during detected steering are presented
in Fig. 5(B), asymmetric on left leg during steering being
significant in the time curve of the right leg, while the left leg
maintained relative symmetry in contrast. During a left turn,
where the right leg functions as the outer leg, gait guidance
was applied to the right leg during swing phase. This led to
the asymmetry in both time and stride length.

Across multiple experiments (n=10), where volunteers’
stride length was approximately 0.45m and walking speed
was around 0.8m/s, our proposed method consistently achieved
a 90° curve path crossing within 2.5 seconds.

Straight walking and steering to an accurate angle being
hard for human with impaired vision. We conducted experi-
ments to test the capability of our device in straight walking
and steering guidance,illustrated in Fig. 6, Comparative ex-
periments being conducted, and recorded the route and time
spent, between blinds wearing our device and with audio
reminder.

As is shown in Fig. 6(A), for straight walking experi-
ment, the result showed robust guiding ability of our de-
vice. Compared to people with audio reminder, volunteers
wearing our assistive devices achieved a smoother straight
route, this gap might be higher since we had not calculated
the situation where people without assistance lose their
direction. As for steering experiment, shown in Fig. 6(B),
the actual angle after ten seconds was recoded. The result
showed an improvement in accuracy of steering with an
RMSE of 1.6036+1.4898, compared with people with no
assist of 4.2258+8.1429. The result showed a robust of our
gait-based guiding system in blind guidance, a significant
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Figure 5: Gait-Based Guiding System Experiment. (A) Visualization of the experimental scenario. At time #,, human gaits
transition into asymmetry, and at time #,, human gaits return to symmetry. (B) Time curve of £ during the depicted path. At
time ¢;, human gaits transition into asymmetry, and at time t,, human gaits return to symmetry. The time curve of the steering

angle is also illustrated below.
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Figure 6: Comparative Experiments between Individuals Wear-
ing Our Device and those with Audio Reminder. (A) Straight
walking experiment: Volunteers were instructed to walk
straight in a hall for twenty seconds, and the recorded route
was analyzed. (B) Steering experiment: Five volunteers were
directed to steer to a specific angle, and the actual angle after
ten seconds was recorded for analysis.

improvement in the capability of walking has shown in Fig.
5 of blind before and after wearing our device. The im-
provement, however, would be highly influenced by walking
speed.

3.2. Indoor and outdoor navigation experiment

Indoor and outdoor navigation experiments were also
conducted, to analysis the mobility of visually impaired indi-
viduals while using our blind guiding device, in comparison
to a white cane.

The indoor experiments comprised obstacle avoidance
and an indoor hallway traversal. Five volunteers wearing our
proposed device participated in these experiments. For the
obstacle avoidance experiment, as illustrated in Fig. 7(A),
volunteers wearing our device were tasked with navigat-
ing obstacles without physical contact with the environ-
ment. The success rate was recorded and compared with
the performance of a white cane. Our device demonstrated
an impressive 99.7% probability of successfully bypassing

obstacles, outperforming the white cane, which achieved
approximately 90%. While individual results may vary, the
significant improvement in obstacle avoidance capability is
evident in our device. For indoor hallway experiment, in oc-
casions shown in figure 7(B), volunteers wearing our device
were asked to come across the hallway, route and time spent
were recoded, compared with white cane. Our proposed
device achieved Smoother route, as well as faster mobility,
compared with white cane, with an speed improvement of
approximately 23%.

In the outdoor navigation experiment, participants were
informed of the route before the experiment’s commence-
ment. From the designated starting point, volunteers, equipped
with either our device or a white cane, autonomously nav-
igated to the destination without additional assistance. As
illustrated in Fig. 8, our device demonstrated a smoother
route with reduced physical contact with the surroundings,
leading to an average time spent approximately 32.0% less
than that with the white cane. Additionally, we implemented
the yoloV3-tiny model for object recognition. Detected
objects are visually conveyed to the user through video,
enabling them to make informed decisions to either avoid
or approach the detected objects.

4. Discussion

This paper introduces a novel blind guiding method, the
proposed wearable blind guiding device, which incorporates
our novel Gait-based Guiding System and multiple sensors
to offer effective guidance for individuals with impaired
vision. The gait-based guiding system, composed of two
motors with rotary encoders and two traction ropes tied to
the thigh, demonstrates simplicity, convenience, and weara-
bility. Our experiments underscore its effectiveness in blind
guidance, showcasing superior performance compared to
traditional white canes, resulting in an speed improvement
of approximately 32% compared to traditional white canes.
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Figure 7: Indoor Navigation Experiment. (A) Obstacle avoidance experiment. (B) Experiment on Indoor Hallway Navigation. Two
experimental sites are illustrated on the left side, with the walking route outlined. LIDAR-based SLAM processing in this scenario
generates a mapping of the environment while localizing the user, as shown on the right side. (C) Diagram illustrating the time

spent during the indoor hallway navigation experiment.
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Figure 8: Outdoor Navigation Experiment. The top left corner
features a demonstration of our computer vision. The bar chart
with error bars in the bottom right corner illustrates the time
spent by our device and a white cane.

One significant advantage of our gait-based guidance
system is its simplicity and adaptability. The system only
has two motors and a traction rope, which is prone to wear

and tear. With sensors and batteries, its total weight is
about 2KG, which will not interfere with daily activities. Its
effectiveness is evident in various experiments, especially in
terms of route optimization and time efficiency compared to
a white cane. It is worth noting that our system addresses the
challenge of guiding visually impaired individuals by focus-
ing on the inherent characteristics of gait, thereby allowing
for broader adaptability across different users without requir-
ing excessive training.

While our proposed approach excels in providing funda-
mental guidance for individuals with impaired vision, some
limitations exist. The device currently lacks the capability to
facilitate stair navigation, and its environmental perception
is limited to a 2D LIDAR sensor, restricting omni-directional
awareness. Integrating additional methods or sensors could
mitigate these limitations.

In conclusion, our proposed wearable blind guiding de-
vice, with its innovative gait-based guiding system, presents
a promising solution for blind guidance. While it exhibits
notable advantages in simplicity, wearability, and adaptabil-
ity, addressing current limitations would further enhance its
utility and broaden its applicability in diverse environments.
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5. Conclusion

This study introduces a novel device for blind guidance,
leveraging multimodal sensors to effectively compensate for
the visual deficits experienced by individuals with blindness.
The integration of our gait-based guiding system enables
efficient navigation for the blind, incorporating gait recog-
nition throughout the walking process and offering targeted
assistance during specific gait stages to facilitate turns. No-
tably, our method demonstrates an overall improvement of
approximately 30% in walking speed compared to traditional
white canes.

The distinctive advantages of our proposed method en-
compass precise steering guidance, minimal environmental
contact, reduced cognitive load, and enhanced compatibility
with the human body. These attributes contribute to an
improved quality of life for visually impaired individuals,
fostering independence and normalcy.

The conducted experiments validate the effectiveness of
our device in navigation, showcasing its potential to signif-
icantly impact the lives of the visually impaired. With its
cost-effectiveness and inherent advantages, our device holds
promise in increasing the prospects of independent living for
blind individuals.
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