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Abstract. In this paper, we explore the efficiency of vibration feedback tech-
niques in pedestrian navigation systems. For vibration feedback technology,
many researchers have provided a variety of different modes of vibration, such
as vibration belt, vibrating bracelet and vibration shoes. And there are some
researchers to discuss the perception of the human body parts, which part is
more suitable for vibration feedback. However, there are still some discussion
points that are not taken into account, for example, the identification rate of
vibration feedback mode in the processes of walking or running. In order to find
the answer, we rebuild the vibration feedback mode to have a new experimental
evaluation of the identification rate of these vibration modes. We noticed that
when using a hand-held vibration feedback device, it can reduce the visual and
auditory feedback. On the other hand, because of the rapid development of the
current society, the environment is different in different position, so, when
getting the maximum recognition rate of vibration pattern, we can’t use this
vibration navigation replace the existing navigation completely. However, it is a
good choice that the kind of high-efficiency vibration feedback navigation
system is used as an auxiliary system of the existing navigation.
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1 Introduction

It is a huge challenge for us to find an appropriate travel path that we want in a strange
environment. It usually takes navigation instruments to learn the surrounding envi-
ronment is what kind of, destination in which and the space position relationship with
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the surrounding buildings. In order to become familiar with the unfamiliar environ-
ment, many people sometimes need to adapt to the current unfamiliar environment. But
when there is no navigation equipment, it is difficult for us to find the path that we
want. This makes the application of navigation system become widespread. However,
most of current navigation systems use visual feedback or audible feedback manner to
pass the navigation information, and the use and application of the scene is relatively
single, only the driving trip. It’s difficult to apply to the scene, such as walking, which
greatly limits the navigation system more widely used.

Tactile vibration has been used another way to provide haptic feedback on touch
screen equipment [1–5], when users touch the target on the screen (buttons, drop-down
menus, etc.), the device’s vibration motor will produce vibration. This way can help
users determine whether they touch the target object. Thus, the expression of vibration
technology information is an effective mode of human-computer interaction and
information delivery methods [6], and as an important delivery channel of information,
to make up for the shortcomings and deficiencies in specific conditions (When in a
noisy environment and other public places, the navigation voice of navigation system
and other surrounding sounds mixed together, making it difficult for the user to
identify, which will make voice broadcast efficacy may be greatly reduced or even
useless; if the navigation instruments are used in walking, it’s not easy to long time
staring at the screen to observe the navigation path, which will display the navigation
function is not the ultimate role to play; if the headphones are used that based on the
voice prompt, which will hinder the whistle sound like vehicle and other sound effects
with great navigation). A recent report [11] shows that in smart phone users under the
age of 30, 62% of the people encountered serious car accident case since playing with
mobile phones not to look at the road, and 43% of people have been aware of this
potential threat. It is necessary for us to focus on the road conditions when the vehicle
is long. In this case, the use of visual and auditory navigation system has been greatly
restricted. And an auxiliary navigation system can be of great help, such as driving
travel tasks [12–14] or pedestrian navigation [14–16]. Vibration feedback technology is
a good choice for the auxiliary navigation system. The vibration feedback technology
can not only help people with normal vision, but also have great help to people who
have a disability. This technology can also be used in many ways, such as driving
travel and walking, and has broad application prospect.

We found a navigation path by a hand-held device to pass navigation path infor-
mation to their user. We adopt this kind of form mainly because of the current mobile
device and the widespread existence in our daily life, and that can make this kind of
technology have great adaptability. Our navigation system includes two types of
feedback - speech (semantic) feedback and vibration feedback - to provide between two
exact location and path information.

The main contribution of this project is to design and implement a vibration nav-
igation system, which provides navigation path information to users by vibration
feedback in many different situations. Our navigation system is composed of a mobile
device with a touch screen and a hardware device that generates vibration feedback.
The vibration part of the hardware device is placed on the top of the diamond with 4
vibration motors (Fig. 1). When the user takes the device, it can generate different
vibration modes according to the different positions of the palm and fingers.
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In this paper, we first discuss the research on the information related to the mobile
touch screen device and the vibration feedback technology. Secondly, we will describe
our prototype system and various vibration modes in this project. Thirdly, we will
describe an experiment to detect whether a user can accurately distinguish between
different vibration modes, and traveling at different speeds, the system interacts with
the user’s productivity. Finally, we summarize the whole thesis and plan for the future
work.

2 Related Work

Vibration feedback technology has been used as an important interface for the user to
interact with the touch screen device and it has been familiar with the majority of users
[1, 3, 5]. In this section, we will review the previous vibration tactile feedback tech-
nology on mobile devices, and focus on the wealth of information that is intended to
convey, rather than a simple vibration. Why do we need vibration feedback? The
simple reason is that the feedback is more intuitive, and in many cases, we do not need
to look at the screen, we know our own operation effect.

2.1 Vibration Feedback Technology on Mobile Devices

Today, the touch screen has been widely used in a variety of mobile devices, such as
smart phones, tablet PCs and music players. Most of these devices provide users with
vibration feedback through the vibration motor embedded. Fukumoto and Sugimura

Fig. 1. The hardware parts of vibration navigation system and the location of the four vibration
motor
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may be the first researchers that the vibrators are embedded in the Active Click system
[1] for the user to know the details of their touch event on a touch screen. In the Active
Click system, it can be used for user to know that they touch a project on the display,
and the way of vibration feedback can help to complete a variety of tasks, such as
information input [3] and list item selection [2].

For one vibration motor, it can provide a variety of different vibration modes by
changing the frequency and intensity of the vibration. Poupyrev et al. Research shows
that different vibration modes can convey different information, and the method of
vibration feedback can be used to improve the speed of selection in the linear list with
the increase of 1/5. And the combination of multiple vibration motor can generate more
vibration mode, which can be transmitted to the user more information. On the other
hand, the mobile device can be attached to the vibration motor, which can be used to
provide vibration feedback to the user, rather than the vibration motor embedded in
their own. Brown et al. had placed the multiple vibration motor attached on the par-
ticipants’ arm to obtain the vibration feedback to transmit the calendar information [7].

These projects described have shown that different vibration modes can transmit the
different task information to the user. These different vibration modes can be generated
by controlling the number of vibration motor, vibration frequency and vibration
intensity. The multiple vibration motors placed in the body of the participants will have
a greater use of space. However, the placement of multiple vibration motors is also a
significant problem. Sahami et al. placed six vibration motors on both sides of the smart
phone (three per side) in order to test the accuracy of distinguishing the different
vibration mode [8]. In their experiments, the results show that the accuracy of the 8
different vibration modes can be reached by the 70–80%, but they are difficult to
distinguish the position of vibration source at each time when a vibration motor is
generated, and at that time, the accuracy of the average can only reach 36%.

2.2 Existing Navigation System

Today, navigation system has been widely applied to people daily life. When driving,
there will be a vehicle-mounted navigation to guide for us, and when walking, navi-
gation equipment on the mobile device will become essential. These two kinds of
common navigation instruments have become an indispensable product of our daily
travel, and both of them are used visual feedback and auditory feedback to remind the
travel path. Auditory feedback is that the navigation instrument transmit the path
information to the user through the voice broadcast function; visual feedback is that a
navigation instrument displays the path information on the screen for the users to see
and obtain navigation path information. However, both of them have some disad-
vantages. For example, on the visual feedback, users can’t be a long time staring at the
screen to observe a navigation path information, the screen can not work for a long time
and power supply system will also be a problem difficult to solve; on the other hand, on
the auditory feedback, if the user’s environment is too noisy, voice broadcast will
greatly reduce the efficiency, even be in failure, and if the headphones are used, the
sound of great navigation like vehicles whistle sound will be limited, which makes the
traveling at a greater risk of environment. Meier et al., who have studied the human
sensory perception which part is more suitable for vibration, placed vibration feedback
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system on the top of the shoes [17] and made a confirmed study, but the study is lack of
the research of travel speed.

The application situation of navigation system described above is relatively simple,
such as car navigation systems generally only apply to the process of driving velocity
or position of great rapid changed, navigation instrument on the mobile device can only
have a greater effect on the lower speed of movement. Therefore, the use of them has
been limited. However, tactile vibration feedback can play a role in a noisy environ-
ment or a variety of moving speed. In a noisy environment, the auditory feedback is
limited, but the vibration feedback can be used to provide the travel path information
which can not be disturbed by surrounding noise; when in different speeds, the
vibration feedback is used to provide travel path information, which can not be limited
by the speed of travel, such as driving and walking can use the same navigation
instrument. As a consequence, the vibration feedback can play a role in many different
situations.

3 System

The vibration navigation system is a kind of navigation system which is designed to be
able to be used in different situations and to use the vibration feedback to remind the
navigation path information. The difference between the vibration navigation system
and the existing navigation system is that it increases the vibration feedback, and uses
the voice broadcast and vibration feedback to transmit the path information. In next
section, we will describe the hardware part of the vibration feedback and voice
broadcast, and the different vibration modes.

4 Hardware

Figure 2 shows the hardware part of our vibration navigation system. Similar with
SemFeel [9], we welded a circuit board, the circuit board contains four vibration
motors, respectively, in accordance with the upper and lower left and right four
directions. The distance between two vibration motors is greater than 1 cm, because
there is a study shows that when the distance of two vibration source is not more than
1 cm, if the vibration source is generated, it will be difficult to distinguish which
vibration source is [10]. The circuit board is connected with a single chip microcom-
puter and a Bluetooth module. The single chip microcomputer is used to control the
vibration of the motor, the Bluetooth module is used to receive the navigation path
information, and the circuit board is connected with a battery box for power supply.

Voice broadcast uses iFLYTEK speech technology broadcasting technology to
broadcast. In mobile devices, the path information is transmitted to the iFLYTEK
speech technology broadcast module. When obtained the path information, it uses the
speech broadcast technology to broadcast to complete auditory feedback function.
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5 Interactive

Our vibration navigation system includes software and hardware. The software part is
installed on the mobile device, and the starting point and the destination of the navi-
gation path are finished by the software part. After the input is completed, the path
planning is performed to obtain the navigation path information which is passed to the
hardware to generate vibrations via Bluetooth technology; In the hardware part, the
navigation path information is obtained from the software by using the Bluetooth
technology, and the information is processed to control the multiple vibration motors to
generate different vibration feedback.

When the vibration mode is generated in the hardware device, the different
vibration modes can be generated according to the number of vibrator, the order of
vibration and frequency and intensity. In our equipment, we use the number of
vibration motor and the order of vibration to generate different vibration modes, not to
consider the vibration frequency and intensity of these two factors. In the vibration of
each vibration motor, we set the vibration time of 500 ms, 1000 ms and 1500 ms,
because a longer time of vibration may be not practical.

6 Vibration Feedback Mode

Figure 3 shows that we designed 11 kinds of vibration modes. These vibration modes
are divided into four categories: single motor vibrations (left, right), two motor
vibrations (upper-right, upper-left, right-upper, left-upper, down-upper), three motor
vibrations (right-upper-left, down-upper-left, down-upper-right), four motor vibrations
(left-down-right-upper). The 11 kinds of different vibration modes represent different
turning when driving or walking. In the following experiments, each vibration motor is
only set one kind of vibration intensity in our equipment, because we mainly want to

Fig. 2. Hardware
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observe the accuracy rate of different vibration modes in various situations, and the
recognition degree of vibration feedback mode in many situations.

single motor vibrations

L          R
two motor vibrations

L-U        U-R         U-L        R-U         D-U 
three motor vibrations 

R-U-L      D-U-R D-U-L 
four motor vibrations

L-D-R-U 

Fig. 3. The eleven kinds of vibration modes (U represents upper, L represents left, R represents
right, D represents down)

Fig. 4. Vibration direction (U represents upper, L represents left, R represents right, D
represents down)
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7 Experiment: Recognition Rate of Vibration Direction
Under Different Moving Speed

Participants
Twelve people (six male and six female, aged 18 to 40) were recruited for this
experiment. One male and one female used the left hand to carry out the experiment,
others used the right hand of the experiment, and all of them often used the smart
phones and other mobile devices with the vibration function. All the participants were
compensated for their time and effort with 20 yuan.

Apparatus
In this experiment, we used the vibration direction shown in Fig. 4. We installed the
software on the Android smart phone, and the software part was written in Java
language, running on the Android platform. The hardware part written in C language
ran on the C51 microcontroller. The software and hardware parts were connected by
the Bluetooth.

Variables
In this experiment, the independent variable included four vibration positions (upper,
left, right and down) and three kinds of movement (motionless, walking and running).
According to the study, the average walking speed was 1.25 m/s, we set the average
value for our experiments in the speed of walking [18]. The speed of running would be
changed according to different people and different external factors. We had done a
preliminary experiment before the experiment for the running speed. We made the
average value of 4.5 m/s as the speed of our running. In this experiment, we measured
the perception rate of vibration direction. In this experiment, the vibration direction and
velocity were the main variables of our study. Each participant needed to take part in:

4 directionsð Þ � 3 movementsð Þ � 3 repetitionsð Þ ¼ 36 trials in total:

Procedure
Before the start of the experiment, we explained the purpose of the experiment and the
experimental process to the participants. After the end of the explanation, the partici-
pants started to be familiar with the equipment and vibration modes. Each experiment
equipment vibrated at least three times, and the interval time was 5 s. After three
vibration was completed, the participants rated the ease of perception of the vibration
on a 7-point Likert scale [19] (the 1 represents the most difficult to perceive the
vibration mode, and the 7 is the easiest to perceive the vibration mode) to record every
time the degree of perception. Meanwhile, the participants made an oral evaluation of
the vibration mode, and the experiment organizers took notes.

In this experiment, the vibration direction was random. Each direction of the
experiment was in the three movements of motionless, walking and running. When
walking and running, we all used the same walking machine.

After the end of all the trials, each of the participants would have to fill in a
questionnaire (see Fig. 5). In the questionnaire, the participants were asked about the
interval of vibration time, the vibration mode, the system’s evaluation and
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improvement suggestions and other issues. When the experiment was over, the par-
ticipants were asked if there is a suggestion or question to the system. It took around
one hour for each participant to finish the experiment.

8 Experiment Results

When the speed is less than or equal to 5 km/h, it is in a state of walking, and when the
speed is greater than 5 km/h, it is running. After measuring, when the vibration time
was 500 ms and the participants were able to feel the vibration, the maximum speed
could reach 10.5 km/h. At that time, we had felt weak. On the other hand, when the
vibration time was 1500 ms and the participants were able to feel the vibration, the
maximum speed could reach 11.2 km/h. At that time, we also had felt weak. In
summary, when the traveling speed is less than 10 km/h, the accuracy of vibration
perception of the four directions could reach more than 90%. When the traveling speed
between the 10 km/h–11 km/h, according to the vibration of long sequence from short
to long, the accuracy of vibration perception would gradually reduce. When the speed
was greater than 11 km/h, the three vibration time of the current equipment were close
to the failure. However, if the vibration time were increased, it will still play a role in
vibration perception.

9 Experiment Discussion

The experimental data and conclusions are basically satisfied with the original idea. In
this experiment, the accuracy of vibration perception can reach more than 90%, and the
error of the vibration perception is caused by the following several points:

(1) Vibrator is stuck to the circuit board, so all the vibration equipment are in
vibration. Thus, it is difficult to perceive the vibrator vibration correctly.

(2) In the actual walking process, when the walking speed is faster, but the vibration
intensity is weak, the vibration perception is not very obvious.

Fig. 5. Questionnaire survey
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(3) When the vibration time is too short, vibration perception is not obvious and not
easy to distinguish the vibration direction.

(4) The actual initiation voltage of each vibrator is different, when using the same
power to supply, the vibration strength is not consistent.

We only need to miniaturize the device and change the vibration time to enhance
the user’s vibration perception. In addition, we need to further explore the recognition
rate of our vibration mode at different speeds of walking process, in order to study the
speed of travel and the recognition accuracy of different vibration mode in the case of
perceived range.

10 Conclusion and Future Work

Vibration feedback effectively increases the application range of the navigation system,
especially when the user can not directly view the touch screen. In this paper, we
restore the hand-held vibration feedback device which connect with a plurality of
vibrators embedded to explore the recognition rate of vibration feedback modes under
different moving speed. Our two experiments showed that the accuracy of the user’s
identification of the vibration direction can reach about 90% when the travel speed is
less than or equal to 10 km/h. For the 11 vibration modes, the accuracy of identification
is not high and only about 70%, but the idea or direction is correct, it just need to
improve the experimental equipment and experimental steps to improve the identifi-
cation accuracy of the vibration mode.

We believe that we can accomplish the goal of assisting the existing navigation
technology or navigation equipment by improving the identification accuracy of
vibration mode, and can provide users with more convenience. The experimental
results of this paper show that the design of vibration mode in vibration navigation
technology needs to be further improved in order to improve the recognition accuracy
of vibration mode. Because the vibration mode is higher, the vibration feedback
technology can be better to assist users in navigation. In addition, this navigation can be
carried out in a variety of situations to navigate, without considering the changes in the
environment (within the carrying capacity of the device). This system can make peo-
ple’s sense focus on a single task, as far as possible to avoid the emergence of a variety
of tasks in the same sense. We believe that this vibration navigation system will be used
as an auxiliary system for existing navigation system to give many travelers bring great
convenience.

In the future work, we will gradually improve the vibration navigation system (for
example, to modify the design of vibration mode), in order to improve the recognition
accuracy of vibration mode. And we will consider the energy supply of the vibration
system, so that it can work for a long time. Meanwhile, we will also apply the vibration
feedback mode to more fields, giving more physical meaning to the vibration feedback
mode, so that it can be applied in other fields, such as the rapid selection of the touch
screen.
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