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Abstract

Walking along a straight path involves various sensory organs, and the senses are functionalized and harmonized for path navigation.

However, visually impaired people not only are unable to find the target path but also face the risk of accidents and injuries. In this study,

we propose an affordable wearable cane with the added feature of smart feedback assistance, which can guide people along straight

paths. The practical smart cane, which has ultrasonic sensors to detect obstacles, an inertial measurement unit with a gyroscope for path

detection, and crucial real-time haptic feedback to provide out-of-line warnings, ensures the user's safety and confidence. Its fabrication

using 3D printing creates a compact assembly. This study verified this idea through experimentation and simulation. The results showed

that 70% of the deviations were less than 4 ft from the goal. Minimum, average, and maximum deviations of 2, 8, and 20 ft, respectively,

are predicted if users attempt to cross a 60 ft street. The idea is that an affordable and innovative walking assistance device based on

a smart cane could greatly help many people by keeping them on a straight path, preventing hazards, and allowing them to share social

spaces equally.
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1. INTRODUCTION

Movement is an essential process for utilizing environmental

space as well as interacting with people and tools. Walking

straight without losing direction is a vital way of reaching a

destination. Maneuvering to avoid objects is essential for

performing housework indoors. Straight walking is one of the

most basic human behaviors and involves moving toward goals,

avoiding objects, and fulfilling social activities. Walking along a

straight path requires the involvement of various sensory organs.

When people move, they input visual information, set an optimal

route, and take steps accordingly. When an unexpected situation

occurs while moving, the visual sensory organs fundamentally

recognize obstacles and interference and then reroute. In addition

to visual ability, we use other senses, such as touch, hearing, and

smell. Irregular noise and smell recognized during movement

indicate that there are risk factors in the walking path and

avoidance movements must be followed. As such, various senses

are functionalized and harmonized in real time to advance travel.

However, unpredictable issues arise when the ability to walk

cannot be fully utilized due to nature or accidents [1]. If the

function of the sensory organs is damaged, a person cannot

recognize obstacles or walk straight and thus cannot arrive at the

destination accurately. In addition, people face inconvenience and

risk of further injuries. According to a report released by the

World Health Organization in 2019, at least 2.2 billion people

worldwide are visually impaired or blind [2]. Therefore, efforts to

compensate for impaired visual abilities must continue. 

Engineers have recently researched and developed devices to

overcome sensory malfunctions. One study suggested that

moving aids for people who are blind can be developed in three

phases [3]. The first phase focuses on obstacle detection using a

walking cane. Ultrasonic and laser techniques have been used to

recognize objects [4,5]. An ultrasonic sensor is used to measure

the distance from the obstacle. The data are then sent to the

controller for processing, which produces a beep alarm as the

output. Because the user must focus on the alarm in the

earphones, the system has the disadvantages of blocking real-

time conversations, white noise, and dangerous signals. A laser

sensor is capable of precise measurements, but if it is pointed at

a person who is not an obstacle, it causes social disapproval and

controversy over its harmfulness [6]. The second phase involves
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global positioning system (GPS) navigation and wayfinding

devices [7]. GPS systems generally have a low accuracy of a few

meters; therefore, they cannot recognize small obstacles that can

interfere with the blind [8]. Recently, to move along a crosswalk

safely, an IoT cane was developed that employs Bluetooth to

operate traffic lights and sound signals in the direction of a blind

person [9,10]. This advanced application uses wireless

communication. The availability of Bluetooth technology varies

depending on the version of the mobile terminal and is only used

to transmit information to users over short distances. In

particular, it requires a pairing process and a connection delay

between devices. 

According to literature reviews, walking canes are an effective

formula for low-cost and facile moving aids [4,6,11-13]. Using a

cane, users can check the movement path or recognize obstacles

by tapping the floor or rocking left and right at regular

frequencies. Canes are universally used because they are

inexpensive and easy to use compared to a guide dog or

operating surgery for impaired abilities. In addition, the simple

structure and light weight of the cane provide users with low

loads and excellent mobility. Moreover, the cane provides route

information in the fastest and most intuitive manner. However,

most people rely on the simple function of a cane as a stick. A

smart cane is appropriate for further study because the simple and

foldable structure of canes makes it possible to mount small

electronic parts that restore the human body sensations. Several

smart cane prototypes have been proposed. Nevertheless, few

walking canes have assistive functions. One study used three

ultrasonic sensors attached to a cane at varying angles, and each

ultrasonic sensor measured the distance from objects when

walking [6]. However, the idea is only applicable for momentary

walking events, and the user remains in a zigzagged walking

motion. Advanced vision technologies, such as image sensors or

LiDAR, have recently been utilized [14-17]. Image sensors and

LiDAR are being developed along with object recognition and

artificial intelligence technologies; thus, performance

improvements are expected [18]. These sensors, which are core

elements of recognition systems, can provide sufficient precision

to replace human vision. However, to process visual data, the cost

of the microprocessor and storage device is significant, resulting

in an increase in the price of smart systems [18,19]. Meanwhile,

wearable devices are becoming increasingly popular and have the

advantage of keeping the hands free. Wearable formats provide

visually impaired people with opportunities to enjoy life,

including traveling, exercising, texting, and communicating.

Thus, the wearable design can ultimately be used by functionally

blind people who use a cane, guide dog, and travel luggage

simultaneously [10,17,20]. Although most studies have focused

on obstacle detection via multi-ultrasonic sensors, wireless

signals, or camera-based vision recognition, none have focused

on straight-path detection using a simple and low-cost wearable

methodology.

In this paper, we propose an affordable wearable smart cane

with the added feature of smart feedback assistance that can guide

people with disabilities along a straight path. We prototyped the

idea using a microprocessor, which is an efficient module for

developing facile and compact measurement systems. The system

is inexpensive and easily accessible, and has been actively used to

create prototypes of IoT technology ideas [21-23]. The most

significant advantage of microprocessors is that they can

efficiently operate various sensors and actuators to provide tactile

feedback. In addition, sensors allow smart canes to obtain reliable

real-time data on changes in walking direction, which enables

better straight-line path navigation [24]. A gyroscope is a crucial

sensor used to maintain the orientation of a travel stick by

detecting the rate of change in angular position over time along

the X-, Y-, and Z-axes. Gyroscopes have been used to maintain

orientation and stabilize posture in a variety of engineering,

medical, and safety applications, including aircraft, spacecraft,

robots, and mobile phones [25-27]. They function based on a

scientific principle called the gyroscopic effect. This effect can be

described as the ability of a rotating body to maintain a stable

orientation along its axis of rotation. In the context of motion, a

gyroscope can measure or react to motion in multiple directions.

Integrating a gyroscope allows the smart cane to accurately

recognize movements within 3D space. This allowed us to

determine a straight path for walking. Moreover, the use of

additive manufacturing facilitates the prototyping of smart canes.

A 3D-printed assembly can pack small components into a

wearable form and can be simply attached to the cane. The cost

of producing and demonstrating the system was effectively

reduced.

An inexpensive and innovative walking assistance system

developed through design and fabrication processes based on a

smart cane that helps visually impaired people to maintain a

straight path and share social spaces equally could be extremely

helpful. Although several solutions have emerged, portable,

affordable, and efficient navigation devices are still lacking. The

ideas presented in this paper aim to open a way for sharing and

utilizing facile design, prototyping, fabrication, and verification

methods.
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2. METHODS

2.1 Materials and Tools

The cane (Drive Medical Deluxe Folding) is a 4-section

foldable medical-grade aluminum stick. In this study, the cane

provides the structural capability for folding and portability, and

the lightweight aluminum minimizes user discomfort, even when

sensors are added. The cane has a reinforced nylon tip and a wrist

strap, which are standards for providing reliability to the user and

protecting the device. The belt (AGPtek, police security tactical

combat gear belt) is made of durable nylon, making it lightweight

and tear-resistant. It can withstand the stress, even when a

wearable system package is attached. The electronic housing was

constructed using additive manufacturing. 3D printing (flash) is a

technology that is being used in small-scale production of various

parts, such as the prototype used in this study [28]. This method

involves melting or solidifying materials and stacking the cross

sections of a structure individually, which allows for individual

product design and reduces manufacturing costs by using only the

material necessary for the shape of the part [29]. The 3D printing

process is discussed in detail in Section 2.5. The Arduino board is

powered by a 9 V lithium-ion power source (commercial battery).

The inertial measurement unit (IMU) (6 DOF, ITG3200/

ADXL345) has a MEMS structured gyro-sensor on board with a

full-scale range of ± 2000°/s and a sensitivity of 14.375 least-

significant bit (LSB) per degree per second. The IMU board has

two mounting holes for secure attachment to the wearable

assembly. A low operating current consumption of 6.5 mA

ensures long battery life, and a stabilization time of 50 ms ensures

fast use of the smart cane. A microcontroller (Arduino Mini Pro)

was connected to a range finder (Ultrasonic Range Finder-LV-

MaxSonar-EZ3) and actuator (Mini Vibration Motor for Arduino).

Software coding was accomplished using the open-source

Arduino Software (IDE). The mechanical design used 3D design

software (Inventor, Autodesk Co.). The test was performed in

accordance with the relevant guidelines and regulations. Informed

consent was obtained from all the subjects. All the methods were

performed in accordance with the safety of the users. As the

device was worn over clothing and operated while wearing

laboratory gloves, it did not touch the subject's skin and did not

cause any changes to the body. The participants were not

manipulated directly. In addition, no invasive actions were

realized, such as drug or blood collection, or eating. No sensitive

information was collected or recorded.

2.2 Conceptual Design

As shown in Fig. 1, the smart cane performs two functions:

keeping the user on a straight path, and warning the user of

obstacles. The path deviation was analyzed using an electronic

gyroscope mounted on the belt. The obstacles were detected using

an ultrasonic sensor mounted on the cane. A small microcontroller

interprets the signals from the sensors. It warns or corrects the user

by activating vibrating motors in the hand (for obstacles) or waist

(for path deviation). The motor intensity can vary depending on

the degree of deviation. Users who receive haptic feedback in

real-time interpret the vibrations in their hands or waist and apply

appropriate path adjustments.

2.3 Electrical Design

The electrical hardware, which minimizes cost and signal

processing time, consists of the following parts, which can be

purchased in the general market and are highly compatible

components for constructing a miniaturized form factor. In

addition, with the selected components, processing speed and

range of detection can be flexibly adjusted.

● Arduino: Arduino is the brain behind the surgery. It records all

the information from the sensors and determines whether a

straight-path deviation occurs or whether the user is approaching

an obstacle. If this occurs, it sends signals to the vibrators on the

belt or cane to alert the user.

● Vibrotactors: Small motors placed on the belt and cane. They

vibrate to warn the users that the path must be adjusted. The

vibrator has an off-center motor to create nonlinear rotational

vibrations. The motor has a simple structure and is reliable;

therefore, it is used in various mobile devices.

● IMU: The IMU constantly reads the user positions. When the

user deviates in either direction, the accelerometer in the IMU

records information. The IMU gyroscope helps to eliminate the

Fig. 1. Conceptual diagram of the human–machine system.
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confounding effect that the user’s natural gait adds to the equation.

● Ultrasonic Sensor: An ultrasonic sensor measures the distance

to a target object by emitting and receiving ultrasonic sound

waves. Thus, an ultrasonic sensor utilizes echolocation to

determine whether a user is approaching an obstacle.

The electrical configuration is shown in Fig. 2. The schematic

shows the functionality and connectivity between multiple

electrical components. A directly connected battery powers the

Arduino microprocessor built into the housing system. Using the

signal obtained from the IMU, the left and right vibration motors

on the waist of the user can be operated separately when the

device deviates from a straight path. When the Arduino receives

a signal from the ultrasonic sensor that recognizes an obstacle in

front, it sends a signal to the vibration motor on the handle of the

smart cane.

2.4 Computational Design

Based on instantaneous stimulation, users can walk safely by

compensating for walking deviations and avoiding obstacles. As

shown in Fig. 3, the straight-path maintenance algorithm of the

code has two main feedback categories. The user must wear the

cane assembly. The user presses a button for the desired walking-

assistance function to supply an electrical current. The

corresponding sensor module is then activated, and the step of

recognizing the user walking begins in real time. As described in

this section, the assembly contains two sensor modules. The user

turns the device on while walking. In the first sensor, the alarms

are analyzed for walking deviation using gyroscopic sensory

feedback. In the second one, obstacle and alarm analyses are

performed using ultrasonic sensory feedback. The two feedback

algorithms operate in real-time. Haptic alarms are activated on the

belt or cane when a walking deviation or obstacle is recognized.

The haptic alarms can be simultaneously provided. Users can

adjust their walking direction or walk around obstacles based on

the haptic warnings. If no haptic warning occurred while walking,

the subjects continue walking forward. 

The pseudocode is shown in Fig. 4. The code for the sensors

typically involves reading the sensor and making decisions based

on its value. The actuator operates automatically using the input

commands determined by the Arduino microprocessor based on

the sensor values. The cane uses a sensor module that operates as

a combination of a 3-axis gyroscope and a 3-axis accelerometer.

To maintain the path, the code recognizes the rotational

acceleration based on the z-axis when the user rotates the waist to

the left and right, similar to the yaw shown in Fig. 3. The sensor

generates a digital value. The change in the value of the IMU

determines whether it is a left or right rotation, based on the

positive and negative phase shifts. This direction can be indicated

Fig. 2. Electrical components and block diagram.

Fig. 3. Straight-path maintenance algorithm.

Fig. 4. Pseudocode for sensing and vibration.



Multi-sensory Feedback-assisted Low-cost Smart Walking Cane Forming a Wearable Assembly for Blind People

31 J. Sens. Sci. Technol. Vol. 34, No. 1, 2025

independently of the size of the IMU value. The sensor inputs a

digital signal until the z-axis rotation is restored. The ultrasonic

sensor also generates a digital value and inputs it into the

microprocessor. At this time, the digital value varies depending on

the obstacle distance. Therefore, the user can recognize the

distance of the obstacle placed in front and prepare for an evasive

action.

2.5 Printing for Fabrication

The prototyping process consisted of direct preparation of parts

of the shielding cases via 3D printing. The 3D printer used was an

Adventurer4 (FlashForge). The SolidWorks CAD software was

used to design the structures. STL files were converted into sliced

layers using FlashPrint software. The filament was made of

polylactic acid (PLA, 1.75 mm, FlashForge). PLA is a polymer

material used for printing that offers excellent interlayer bonding,

which is the ability of recently extruded materials in the print path

to bond well with recently printed and cooled materials. Excellent

intralayer bonding significantly improves the blending of strands

and layers, resulting in a user-compatible smoother surface

[29,30]. In the printing setup, the extruder temperature was 225°C,

the platform temperature was 55°C, and the printing speed was 50

mm/s. The fill density was set as 30%. The supporting aid option

was linear with overhang critical angle of 55° and column

diameter of 1.5 mm. Linear support printing requires more

filaments but provides a good output quality. Tree-type support

printing uses fewer filaments but tends to produce low-quality

output at higher heights.

3. RESULTS AND DISCUSSIONS

3.1 Wearable Cane

As shown in Fig. 5 (a), the research processes involve 3D

printing to create a wearable smart cane assembly with ultrasonic

sensors to detect obstacles, an inertial measurement unit (IMU)

with a gyroscope for path detection, and real-time haptic feedback

to provide outline path warnings.

Fig. 5 (b) illustrates the principle of path warning. The

ultrasonic sensor has an effective range of approximately 14.7 ft

at a 15° angle. The sensor emitted ultrasonic waves at 40 Hz and

detected the reflected echoes. The speed of ultrasonic waves in air

at room temperature is approximately 1115 ft/s; therefore,

dividing by the time it takes for the ultrasonic echo to return gives

the distance between the sensor and the object, which is distance

= (Vultra × Ttimedelay) / 2. Vibrations are generated when an object

in front is detected, and a vibration motor that provides haptic

feedback is fixed just below the handle of the cane. The

gyroscopic sensor detected deviations during walking. When the

belt was worn, a haptic feedback vibration motor was installed on

the left and right sides of the user's waist. These two vibration

stimuli use information from the gyroscope to provide vibration

stimuli when the user deviates from a straight walking path.

Fig. 6 shows the prototype product and its assembly using 3D

printing and mechanical design. Fig. 6 (a) shows a conceptual

smart cane with an ultrasonic sensor attached to it. The primary

control system of the wearable belt consists of a gyroscope sensor,

microprocessor, battery, and Arduino mainboard fixed with a 3D-

printed box. The vibrating box was securely connected to a

Fig. 5. Principles of assistive warning while walking. (a) Affordable

wearable smart cane with added smart feedback assistance.

(b) Warning system using sensor and actuator.
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wearable belt within a corrugated polymeric shield. Fig. 6 (b)

shows the ultrasonic sensor attached to the cane. The ultrasonic

sensor has an intentionally tilted angle that allows it to point

forward when the user taps the stick. When walking using the

smart cane, the ultrasonic sensor is placed at a 40° angle from the

cane. This angle was established through geometric analysis using

computer-aided design for testers with a height of 5.5 to 5.9 ft.

Fig. 6 (c) shows the system housing used to functionalize the

wearable belt. A sliding door is used to achieve light weight. A

single-sided sliding open/closed door is available for quick

maintenance, such as battery replacement and hardware

debugging. It is equipped with toggle power buttons that instruct

the user to begin or reset the sensors. The toggle switch that turns

the main power source on and off is on the outside. This button

has a raised volume that allows the user to actuate it without

visual confirmation. As shown in Figs. 6 (d) and (e), the 3D

housing design provides an ultrasonic sensor that can be securely

attached, and the electric cables are extended to the back of the

housing and immediately protected by a polymer shield. Shielding

and customized structures can protect electric cables from damage

during user scenarios, such as placing and swinging the cane.

3.2 Indoor Testing

Tests with ten blindfolded students were carried out to

determine the effectiveness of the proposed smart cane, as shown

in Fig. 7 (a). Two tests were performed with the participants. In

the first, to determine how well the straight-path detection

functioned, the participants walked 30 ft and it was ascertained

how far off the path they ended up. In the second test, the

participants had to avoid four obstacles placed in their path, thus

allowing to test the ultrasonic sensor and reliability of the

feedback. The users were blindfolded and evaluated in a

controlled indoor environment to ensure safety. Each test was

performed for the analysis.

Fig. 7 (b) shows a schematic of the results. In the experiment

involving walking on a straight path, the test quantitatively

evaluated the deviation from the invisible line. Additionally, the

idea examined the case of going off a straight path and going on

a different path by utilizing an open space on the left. In the

obstacle detection test, two cylindrical trashcans were set up on

the left and two on the right, so that the user could encounter

obstacles while walking. The obstacles were positioned at

different distances from the path but could be directed towards it

by the user swiping the cane left and right. There was a sidewall

behind the obstacle, but this was an unintended structure;

therefore, it was not included in the number of times an obstacle

was encountered. If part of the user's body touched an obstacle, it

was determined that the obstacle was not recognized.

3.3 Evaluation

In Fig. 8 (a), the analysis reveals the number of deviations

within the 30 ft walking plan. Among the participants, 70% made

deviations of less than 4 ft, two within 1 ft, two within 2 ft, two

within 3 ft, and one within 4 ft. The results of this experiment

Fig. 6. Prototyping (a) Assembly of the cane (b) Ultrasonic sensor

mounted on the cane (c) 3D design for housing (d) 3D

designed sensor housing (e) 3D designed electrical connec-

tion.

Fig. 7. Test schematic (a) Evaluation through straight path. (b) Walk-

ing on a straight path and deviation.
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showed that deviations within 4 ft meant that the participants were

still in the testing space, and the feedback system allowed users to

refine the straight path. The participants precisely corrected their

paths using motor alarms and performed high-quality straight

walking. In contrast, two participants deviated by 7 ft, and one

wandered 10 ft away from the target path. In all attempts, the

motor alarms worked adequately. The reasons for the errors in

path correction are as follows: First, when the user's body is

rotated around the z-axis to correct the path, an irregular path

correction occurs if the body rotation angle per alarm is too large.

If the body moves rapidly, the tolerance of each rotation increases,

and the path-correction process creates irregular zigzag

movements that gradually deviate from the path. Therefore, the

motor warning operates at a constant current value independent of

the value of the gyroscope. Hence, if the same rotation amount of

approximately +/- 5° is applied, the exact path can be found as a

result of the converging zigzag movement. Second, errors can

occur when there is a lack of sense of vibration. The participant

with a deviation of 10 ft had difficulty determining whether the

vibration generated by the motor was to the left or right. The

vibration of the motor was transmitted to the waist of the user

through the assembled belt. In this process, the sense of the

person's waist, thickness and structure of the clothing, and

accessories can create an effect that further disperses or interferes

with the vibration. The users can continuously scan by changing

the vibration intensity. However, the sensitivity of each individual

and variables such as clothing and rotation amount result in the

need for proper training of the user.

Fig. 8 (b) shows the results of obstacle avoidance during

walking. Two participants successfully recognized and avoided all

four obstacles. Five subjects avoided three obstacles, and three

avoided two obstacles. None of the users avoided one or zero

obstacles. Because the alarm generated by the ultrasonic sensor

changes the intensity of the motor according to the distance, the

user can converge to the exact direction of the obstacle through

continuous scanning of the cane and alarm intensity. Because the

ultrasonic sensor has a frequency of 40 Hz and a repeat echo

acquisition capability of 25 ms, forward monitoring precision can

be improved through rapid scanning by increasing the arm swing

speed or reducing the angle without hardware limitations. Fig. 8

(c) illustrates obstacle recognition using Cartesian coordinates

[25]. The sensor system of the smart cane provides the distance

between the ultrasonic sensor module and obstacle; however,

Cartesian data processing using the structure of the arm can

provide the user with precise obstacle location information. The

idea proposed in this study is to fix the pitch and actively search

for objects placed in the x-y plane by performing yaw rotation.

The cane's yaw rotation angle (θ4), which determines the direction

of the ultrasonic sensor, is controlled by the user's arm links and

joints. The shoulders, elbows, and wrists are constrained to rotate.

The angles of each joint are acquired through user scenes, and

these angles can provide information about the yaw, pitch, and

roll. The yaw and pitch angles made at the shoulder are θ1 and

Ψ1, and those made at the elbow are θ2 and Ψ2, respectively. The

wrist fixes the pitch rotation and creates θ3. The three axes of the

Cartesian coordinates are x, y, and z, where the x-axis position of

the object is Px, y-axis position is Py, and z-axis position is Pz.

The links are L1, L2, and L3 from the shoulder, and the cane is

L4. The following formulas calculate each Cartesian equation:

Px = L1 cosΨ1 cosθ1 + L2 cosΨ2 cosθ2 + (L3 + L4) cosθ3

Py = L1 cosΨ1 sinθ1 + L2 cosΨ2 sinθ2 + (L3 + L4) sinθ3

Pz = L1 sinΨ1 + L2 sinΨ2 + (L3 + L4) sinΨ3

θ4 = θ1 + θ2 + θ3

Because the field of view of the ultrasonic sensor in the x-y

plane is approximately 15°, the Py range for recognizing obstacles

in front of the ultrasonic sensor is 1.32 ft at 5 ft, 2.64 ft at 10 ft,

and 3.87 ft at 14.7 ft. In the test, the effective field of view created

Fig. 8. Result and analysis (a) Number of deviations within 30 ft

during walking. (b) Number of obstacles avoided by users. (c)

Position estimation using links and joints.
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by swinging the cane left and right by approximately 70° to 90°

is approximately 85° to 105°. This angle is a valid range for

detecting dangerous objects in front of the user.

As presented in Table 1, after completing the test, we asked the

users whether they wanted more or less vibration. Sensibility

ergonomics is an engineering approach that realizes images or

emotions as desired in specific product designs. Vibration

intensity and repeatability can be adjusted through sensibility

ergonomics based on the deviation and obstacle avoidance

abilities. Approximately 60% of the participants responded that

they were satisfied with the vibration alarm. The responses of

participant 4 were significant. He obtained a negative result of a

7 ft deviation and avoided two obstacles, and therefore responded

that he wanted more vibrations. However, there was no correlation

between the experimental and survey results for most of the

participants. Participant 3 had a significant deviation but

responded that the vibration was effective. In contrast, participants

7 and 8 successfully achieved a deviation of 1 ft and avoided four

obstacles, but responded that the vibration should be improved

further. In addition, participants 7 and 9 also succeeded in

deviating and evading by 2 and 3 ft, and 3 and 4 ft, respectively,

but expressed random claims that they wanted more vibration or

that it was effective. Therefore, if this smart cane is to be

distributed for personal use in the future, it should be able to

customize the vibration and sensor sensitivity. In addition, we

asked the participants whether dual-motor vibration was

appropriate for providing a deviation alarm. The concept of dual

motors was considered effective by 90% of the participants.

Participant 3, who had the most significant deviation of 10 ft,

stated that dual vibration was ineffective. Participant 3 was the

only one who deviated significantly from the path and lost sight

of the target. In contrast, the other nine participants had deviations

of less than 7 ft and could steer according to the vibration.

Therefore, the alarm is effective as long as the left and right

vibrations can be distinguished. However, if the user cannot

determine the vibrations, directional guidance does not work. For

the variables that make it difficult to distinguish the vibrations,

please refer to Fig. 8 (a).

3.4 Outdoor Simulation

To reflect the willingness for future real-world testing and

ensure the practical relevance of the study, preliminary graphical

simulations were performed to test actual streets with people

present. Fig. 9 (a) shows a 60 ft-wide crosswalk captured from an

online map (Street View, Google). Based on the indoor test

results, if the user wants to walk straight on the crosswalk, the

prediction reveals minimum, average, and maximum deviations

of 2, 8, and 20 ft, respectively. Approximately 70% of the users

have deviations within approximately 2–8 ft, as indicated by the

yellow and orange lines. Considering the repeated guidelines for

pedestrians and stop lines for cars, this appears safe for

pedestrians. However, approximately 30% of users may deviate

from the pedestrian guidance lines. Although guidance based on

single data using a gyroscope provides these predictions, walking

can be improved if ultrasonic sensors work together. By

recognizing cars stopped at the stop lines drawn on the left and

right sides of the pedestrian as obstacles, the system suggests

improved directionality to the pedestrian. Thus, errors are

reduced.

Table 1. Individual test results and opinions

Tester

No.

Deviation

in 30 ft

Obstacles

avoided

Vibration 

repetition

Left/Right

distinction

1 2 3 More effective

2 3 3 Less effective

3 10 4 effective ineffective

4 7 2 More effective

5 7 4 effective effective

6 1 2 effective effective

7 2 3 More effective

8 1 4 Less effective

9 3 4 effective effective

10 4 3 effective effective

Average 4 3.1 effective effective

Fig. 9. Outdoor simulation (a) Skyview simulation using outdoor

crosswalks. (b) Street view of the prediction.
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3.5 Future Improvements

In this section, we review the limitations of this study and the

improvements that can be made by addressing its limitations.

First, a feasibility test through prototyping provided valuable

insights into the effectiveness of the smart cane, and additional

testing enhanced the robustness and reliability of the results.

However, because only ten blindfolded subjects participated in the

experiment, it is difficult to support the claim that the proposed

solution is statistically valid and generalizable. Each blinded

participant can repeat the experiment multiple times. This allows

for a more comprehensive evaluation of the cane performance by

calculating the mean, standard deviation, and least-squares error

metrics. Establishing a statistical analysis based on statistical

metrics (e.g., standard deviation and confidence interval) can help

readers better understand the results. Second, the scope of obstacle

recognition should be expanded from a single x-y plane to three-

dimensional recognition. The space in which a person walks

should be analyzed using a three-axis coordinate system because

obstacles and hazards exist in three dimensions. For example, a

hanging panel can threaten the user’s upper body or a staircase in

front can cause the user to fall. Multiple ultrasonic sensors can be

utilized to enhance the performance of smart canes, and high-

performance sensors, such as the time-of-flight (TOF) technology

used in camera technology, can be used to improve resolution, fast

detection, and 3D recognition. 

4. CONCLUSIONS

With an aging world population, and considering the gap

between rich and poor, as well as between developed and

underdeveloped regions, there is an urgent need to help people

overcome their impaired vision. In this study, we developed a

smart walking cane for the visually impaired. First, it involves

easy-to-use and low-cost components and modules. The

experimental approach utilizes a simple data-processing system

using an Arduino microprocessor. This design attaches an

ultrasonic sensor to the walking cane and monitors the front of the

user. Using an IMU module with a gyroscope, the cane monitors

the user's deviation from a straight path. The cane is designed as

a wearable assembly that can utilize not only the sensory organs

of the hand but also redundant sensory organs such as the waist of

the human body. Consequently, a compact wearable prototype

was successfully fabricated using a 3D-printed case and belt. The

motors installed on the left and right sides of the belt provided

vibration alarms based on the deviation of the input from the

IMU. These tests demonstrated the potential for developing higher

functions. Therefore, verification was conducted through indoor

user experiments. The system's multi-feedback enabled path

improvement, multiple users corrected their paths in real time, and

their errors converged. The cane can be easily upgraded with

higher precision in both software and hardware, allowing it to

scan a wider range of spaces to meet the needs of each user and

set the sensor sensitivity and alarm intensity to suit user

preferences.

Through proper prototyping and evaluation of open

possibilities, the cane will help visually impaired people navigate

much better than when using a conventional cane alone. This cost-

effective and simple system configuration provided users with

high accessibility. If mass-produced at a low cost, this idea is

expected to contribute to solving the inconveniences faced by

visually impaired people. In addition, the results of this study are

expected to contribute to the field of wearable devices as well as

to developing facile manufacturing techniques.

REFERENCES

[1] H. P. Buimer, M. Bittner, T. Kostelijk, T. M. Van Der Geest,

A. Nemri, R. J. A. Van Wezel, and Y. Zhao, “Conveying

facial expressions to blind and visually impaired persons

through a wearable vibrotactile device”, PLoS One, Vol. 13,

No. 3, p. e0194737, 2018.

[2] https://www.who.int/news/item/08-10-2019-who-launches-

first-world-report-on-vision (retrieved on Jul. 03, 2024). 

[3] M. Hersh, “Wearable Travel Aids for Blind and Partially

Sighted People: A Review with a Focus on Design Issues”,

Sens., Vol. 22, No. 14, p. 5454, 2022. 

[4] M. F. Saaid, A. M. Mohammad, and M. S. A. M. Ali,

“Smart cane with range notification for blind people”, Proc.

of 2016 IEEE Int. Conf. Autom. Control Intell. Syst., pp.

225-229, Selangor, Malaysia, 2017. 

[5] Marion Hersh and Michael A. Johnson, Assistive Tech-

nology for Visually Impaired and Blind People, Dordrecht,

Springer, Netherlands, pp. 1-742, 2008.

[6] A. G. Gaikwad and H. K. Waghmare, “Smart Cane Indi-

cating a Safe free Path to Blind People Using Ultrasonic

Sensor”, Int. J. Recent Innov. Trends Comput. Commun.,

Vol. 4, No. 2, pp. 179-183, 2016.

[7] E. Pissaloux, R. Velazquez, M. Hersh, and G. Uzan,

“Towards a Cognitive Model of Human Mobility: An

Investigation of Tactile Perception for use in Mobility

Devices”, J. Navig., Vol. 70, No. 1, pp. 1-17, 2017.

[8] M. Murata, D. Ahmetovic, D. Sato, H. Takagi, K. M.

Kitani, and C. Asakawa, “Smartphone-based localization

for blind navigation in building-scale indoor environments”,

Pervasive Mob. Comput., Vol. 57, pp. 14-32, 2019.



Jonghyun Kim

J. Sens. Sci. Technol. Vol. 34, No. 1, 2025 36

[9] S. Bohonos, A. Lee, A. Malik, C. Thai, and R. Manduchi,

“Universal Real-Time Navigational Assistance (URNA):

An urban Bluetooth beacon for the blind”, Proc. of 1st ACM

SIGMOBILE Int. Work. Syst. Netw. Support Healthc. Assist.

Living Environ., pp. 83-88, New York, USA, 2007.

[10] M. Periša, D. Peraković, and J. Vaculík, “Adaptive tech-

nologies for the blind and visual impaired persons in the

traffic network”, Transport, Vol. 30, No. 3, pp. 247-252,

2015.

[11] I. Y. Chung, S. Kim, and K. H. Rhee, “The smart cane uti-

lizing a smart phone for the visually impaired person”,

Proc. of 2014 IEEE 3rd Glob. Conf. Consum. Electron.

GCCE, pp. 106-107, Tokyo, Japan, 2014.

[12] G. A. Mutiara, G. I. Hapsari, and R. Rijalul, “Smart guide

extension for blind cane”, Proc. of 2016 4th Int. Conf. Inf.

Commun. Technol. ICoICT, pp. 1-6, Bandung, Indonesia,

2016.

[13] J. Ahn, Y.-D. Lee, and I. Koo, “Design and Implementation

of Smart Cane for Visually Impaired People”, J. Inst. Inter-

net, Broadcast. Commun., Vol. 18, No. 3, pp. 167-175,

2018.

[14] H. Fernandes, P. Costa, V. Filipe, H. Paredes, and J. Bar-

roso, “A review of assistive spatial orientation and nav-

igation technologies for the visually impaired”, Univers.

Access Inf. Soc., Vol. 18, No. 1, pp. 155-168, 2019.

[15] M. C. Ghilardi, R. C. Macedo, and I. H. Manssour, “A new

approach for automatic detection of tactile paving surfaces

in Sidewalks”, Procedia Comput. Sci., Vol. 80, pp. 662-672,

2016.

[16] P. Slade, M. J. Kochenderfer, A. Tambe, and M. J. Kochen-

derfer, “Multimodal sensing and intuitive steering assistance

improve navigation and mobility for people with impaired

vision”, Sci. Robot., Vol. 6, No. 59, 2021.

[17] K. Laubhan, M. Trent, B. Root, A. Abdelgawad, and K.

Yelamarthi, “A wearable portable electronic travel aid for

blind”, Proc. of 2016 Int. Conf. Electr. Electron. Optim.

Tech. (ICEEOT), pp. 1999-2003, Chennai, India, 2016.

[18] Y. H. Lee and G. Medioni, “Wearable RGBD indoor nav-

igation system for the blind”, Proc. of ECCV 2014 Work-

shops, pp. 493-508, Zurich, Switzerland, 2015.

[19] R. M. Mustafizur and G. Xu, “A novel camera calibration

technique based on a rotating planar complex object with a

fixed point”, Proc. of 17th Int. Conf. Artif. Real. Telexistenc

(ICAT 2007), pp. 312-313, Esbjerg, Denmark, 2007.

[20] T. Poongodi, R. Krishnamurthi, R. Indrakumari, P. Suresh,

and B. Balusamy, “Wearable devices and IoT”, in A Hand-

book of Internet of Things in Biomedical and Cyber Phys-

ical System, V. E. Balas, V. K. Solanki, R. Kumar, Md. A.

R. Ahad, Eds. Springer Nature, London, pp. 245-273, 2020.

[21] W. J. Hong, N. Shamsuddin, E. Abas, R. A. Apong, Z.

Masri, H. Suhaimi, S. H. Gödeke, and M. Nafi Aqmal Noh,

“Water quality monitoring with arduino based sensors”,

Environments, Vol. 8, No. 1, p. 6, 2021.

[22] N. Ome and G. S. Rao, “Internet of Things (IoT) based sen-

sors to cloud system using ESP8266 and Arduino Due”, Int.

J. Adv. Res. Comput. Commu. Eng., Vol. 5, No. 10, pp. 337-

343, 2016.

[23] D. R. Patnaik Patnaikuni, “A Comparative Study of Ardu-

ino, Raspberry Pi and ESP8266 as IoT Development

Board”, Int. J. Adv. Res. Comput. Sci., Vol. 8, No. 5, 2017.

[24] J. Michela, C. Claudia, B. Federico, P. Sara, V. Filippo, C.

Nicola, B. Manuele, C. Davide, F. Loreto, and A. Zap-

pettini, “Real-time monitoring of Arundo donax response to

saline stress through the application of in vivo sensing tech-

nology”, Sci. Reports, Vol. 11, No. 1, p. 18598, 2021.

[25] R. Mardiyanto, M. Utomo, D. Purwanto, and H. Suryoat-

mojo, “Development of hand gesture recognition sensor

based on accelerometer and gyroscope for controlling arm

of underwater remotely operated robot”, Proc. of 2017 Int.

Semin. Intell. Technol. Its Appl. (ISITIA), pp. 329-333, Sura-

baya, Indonesia, 2017.

[26] B. Siregar, U. Andayani, R. P. Bahri, and F. Fahmi, “Real-

time monitoring system for elderly people in detecting fall-

ing movement using accelerometer and gyroscope”, Proc.

of 2nd Int. Conf. Comput. Appl. Inf. 2017, pp. 1-8, Medan,

Indonesia, 2017.

[27] A. I. Bhuyan and T. C. Mallick, “Gyro-accelerometer based

control of a robotic arm using AVR microcontroller”, Proc.

of 2014 9th Int. Forum on Strategic Technol. (IFOST), pp.

409-413, Cox's Bazar, Bangladesh, 2014.

[28] I. Hietanen, I. T. S. Heikkinen, H. Savin, and J. M. Pearce,

“Approaches to open source 3-D printable probe positioners

and micromanipulators for probe stations”, HardwareX,

Vol. 4, p. e00042, 2018.

[29] J. Kim, D. Shin, A. Jang, S. Choi, and J. Chang, “3D

Printed Injection Molding for Prototyping Batch Fabrication

of Macroscale Graphene/Paraffin Spheres for Thermal

Energy Management”, JOM, Vol. 71, No. 12, pp. 4569-

4577, 2019.

[30] https://www.xometry.com/resources/3d-printing/pla-3d-print-

ing-filament/ (retrieved on Jan. 9, 2025).


	Multi-sensory Feedback-assisted Low-cost Smart Walking Cane Forming a Wearable Assembly for Blind People

