Smart Head-mount Obstacle Avoidance
Wearable for the Vision Impaired

Peijie Xu, Ron Van Schyndel *, and Andy Song

School of Computing Technologies, RMIT University, Melbourne 3000, Australia
peijie.xu@student.rmit.edu.au, andy.song@rmit.edu.au

Abstract. Obstacles present serious risks and dangers for individuals
who are blind or visually impaired (BVI), especially when they are not
accompanied by a companion or assistant. In this study, we propose a
head-mounted smart device to address this challenge. This study aims
to establish a computationally efficient mechanism that can accurately
detect the presence of obstacles on the path and provide warnings in
real-time. The learned obstacle warning model needs to be reliable and
small in size so that it can be embedded in the wearable device and run
without consuming too much energy. Moreover, it must be able to deal
with natural head turns, which can significantly impact readings from
the head-mounted sensors. To determine the most appropriate model
that can balance accuracy and real-time performance, we investigated
more than thirty models and compared their key metrics. Our study
demonstrates that a highly efficient wearable device is feasible and can
help BVI individuals avoid obstacles with high accuracy. Additionally,
we have collected a large data set that can serve as a benchmark for
future studies in this area.
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1 Introduction

Blind and visually impaired people (BVI), disadvantaged groups of our society,
are globally estimated to be 43.3 million and 295 million, respectively, according
to the 2020 stats [1]. For BVI people, navigating themselves from one place to
another is a real challenge. A key part of the challenge is obstacles on their
paths, posing a serious risk for a BVI person. Detecting obstacles and other
hazards in real-time can greatly improve the mobility of BVI people, reducing
their exposure to dangers. To help them, vision researchers and engineers have
invested a large amount of effort into this area. In this study, we are to provide
a wearable solution as a candidate choice for them. The solution is to be smart
and fast. We introduce a low-energy consumption device that can accurately
warn of potential risks, e.g., obstacles, but not alarm falsely on harmless objects

* This author passed away prior to the submission of this paper. This is one of the
last works of him.
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directly ahead. To be practical for BVI people, the detection must be fast and
lightweight, running on the device itself.

The following parts of this paper are organised as such. A review of previous
works on obstacle avoidance is presented in Section 2. The proposed head-mount
smart device is described in detail in Section 3. Sections 4 and 5 explain our ex-
periments including how sensor data are collected through the wearable device
under a controlled environment, how they are labeled, and how learning al-
gorithms are formulated and evaluated. The results of the experiments are in
Section 6, while the discussions of this study are presented in Section 7. Section
8 concludes this study with a vision for future work.

2 Literature review

In the past, a large number of approaches have been proposed to provide envi-
ronment information to a level that can assist a BVI person to navigate around
for daily activities [2]. These approaches can be grouped into three categories,
which are Electronic Travel Aids (ETA), Electronic Orientation Aids (EOA) and
Position Locator Devices (PLD). ETA focuses on perceiving and translating the
information of the surrounding environment of the users, while EOA aims to
help the BVI person maintain an accurate orientation during travel. On the
other hand, PLD is to provide the position information of the person or the tar-
get in the scene [2]. In this study, we mainly review the relevant literature in the
field of ETA as that is the aim of this study, although our proposed methodology
could be transferred to EOA and PLD.

The effort on supplementing or replacing the white cane with ETA started
around the nineteen forties [3]. After fifty years of development, electronic travel
assistance for BVI people converged much more towards the navigation function
[3]. Ran et al. designed a wearable assistance, Drishti, to provide dynamic inter-
actions and adaptability to changes. This approach realised the seamless switch-
ing between indoor, outdoor environments and bus station navigation through
differential GPS for the outdoor environments. The original equipment manu-
facturer’s ultrasound sensor provides an accuracy of 22 centimetres [4]. Such low
accuracy was far from meeting the needs of reliable real-time obstacle avoidance.
Bousbia-Salah et al. proposed a navigation aid that relied on memory function
with an integral accelerometer, computing and recording walking distance as a
type of guidance [5]. Two vibrators and two ultrasonic sensors are mounted on
the user’s shoulders for obstacle detection. Another ultrasonic sensor was inte-
grated into the white cane. However, this system required a sighted individual to
accompany the BVI person, who was also required to carry a cane to complete
the first navigation route. In addition, cumulative tracking errors were not well
handled and often led to system failure after a period of operation.

Ultrasonic sensors have been popular in sensor-based solutions in the past
decades. These sensors have high sensitivity and penetrative ability, hence suit-
able for obstacle detection tasks [6,7]. For example, “NavBelt” was capable of
scanning a range of 120° by arranging eight ultrasonic sensors on the abdomen.

ICCS Camera Ready Version 2023
To cite this paper please use the final published version:
DOI] 10.1007/978-3-031-36030-5_34 |



https://dx.doi.org/10.1007/978-3-031-36030-5_34
https://dx.doi.org/10.1007/978-3-031-36030-5_34

Smart Head-mount Obstacle Avoidance Wearable for the Vision Impaired 3

The signals from the ultrasonic sensors were then processed by the robotic ob-
stacle avoidance algorithms, of which the outputs were acoustically delivered to
users [10]. The limitation of this system is that it cannot reliably detect obstacles
above the user’s head. Gao et al. created a wearable virtual cane network com-
posed of four ultrasonic sensors on two wrists, the waist, and one ankle of the
user. It is designed to detect obstacles as small as 1 ¢m? in size and located 0.7
meters away [9]. A more recent study proposed a wearable assistive device with a
glass frame supporting three ultrasonic sensors and a hand band equipped with a
LiDAR sensor [8]. A fuzzy decision support system was integrated and achieved
better obstacle avoidance performance than the conventional white cane for both
outdoor and indoor environments. They reported reduced average walking time
and reduced number of collisions in their experiments. However, the participants
collided with some small harmless obstacles during the tests [8]. The two studies
above both combined the device with the upper limb, but they did not consider
the natural swing of the arm during walking.

With the proliferation of technologies like edge computing, smart sensors and
AT, navigation assistance for BVI people attracts more researchers and engineers,
aiming for an ultimate intelligent commericalisable wayfinding and mobile nav-
igation mechanism. Many state-of-the-art techniques such as Radio Frequency
Identification (RFID)-based model [12], Augmented Reality (AR) technology
[13] or cloud system [14,15,17] were gradually adopted into the development
of this space. But these techniques often require heavy computation power or
external support (e.g., 5G, e-tags etc.). Vision sensors, especially with depth
detection function, gradually become the most popular perceptive method in
many systems, due to the low cost of these sensors and the fast development in
deep learning-based computer vision models. Hicks and colleagues integrated a
depth camera, a small digital gyroscope, and an LED display on a ski goggle to
help people with poor vision utilise their functional residual vision to navigate
around [18]. Yang et al. enhanced close obstacle detection by expanding the pre-
liminary traversable area through a seeded growing region algorithm, which can
break the limit of narrow depth field angle and sparse depth map [19]. A research
utilised the depth and colour information captured by a consumer-grade RGB-D
camera to segment the unobstructed paths in the scene [20]. They reported that
the obstacle-free path segmentation algorithm could run at a rate of 2 frames
per second (FPS), while the whole system including RGB image and depth data
processing and user interface generation run much slower at 0.3 FPS. Lee and
Medioni proposed a novel wearable navigation system based on a combination of
an RGB-D camera, a laptop, a smartphone user interface, and a haptic feedback
vest [21]. The system estimated a real-time ego-motion by sparse visual features,
dense point clouds, and the ground plane and create a 2D probabilistic occu-
pancy grid map for dynamic path scheme and obstacle avoidance. The heavy
equipment required in this setup however compromises its usability. Other re-
searchers also tried to adopt more accurate vision algorithms such as SSD [23],
YOLO [22] on obstacle recognition scenarios with high definition camera to help
BVI people [6,24,25]. However, the problem with all these works is the large
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computational cost required to carry out the detection, typically a high-end lap-
top. Obviously, it is impractical for a BVI person to walk around with a laptop
all the time. Our aim is to provide a lightweight yet real-time detection method.
Hence cameras are not used in this study.

3 System Design

The system proposed in this study is a head-mount smart device. It is comprised
of two main modules: the acquisition module and the processing module as shown
in Fig. 1. The former is to perceive the surroundings through ultrasonic sensors
and a 9-DOF orientation inertial measurement unit (IMU). These sensors are
all connected to the processing module, which is responsible for data acquisi-
tion, computation, and decision-making processes. In this study, the module is
a Raspberry Pi 4B, which is highly portable and versatile.
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Fig. 1: The proposed head-mount obstacle avoidance system

The ultrasonic sensor array consists of nine sensors arranged in two rows.
Four of the sensors in the top row are to detect obstacles in the upper region,
while the remaining five sensors are for lower areas. These sensors are HC-SR04,
with an effective detection angle of 15°, a maximum detection distance of 400
cm and a minimum of 2 em!. Their accuracy is up to 3 mm. All these sensors
are fully integrated with ultrasonic transmitters and receivers. The proposed
system also incorporates an additional ultrasonic sensor, the MaxSonar-EZ1 from
MaxBotix 2. This sensor is placed in the middle to supplement the coverage. It
communicates directly with the processing module via a USB port. This sensor
has a range of 30 cm to 500 cm and is featured with compensation for target
size variations, well-balanced sensitivity and specificity, built-in noise reduction,

! HC-SR04 Specs: https://www.handsontec.com /dataspecs/HC-SR04-Ultrasonic.pdf
2 HRUSB-MaxSonar@®)-EZ™ Series: https://www.maxbotix.com
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