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Ladies and gentlemen, it’s my great honor to have the opportunity to lead “zz 7 .” Before that, |
want to express my deepest thanks to Nagano National College of Technology and Kosen for
providing us such a great IWIP 2013. | just said in yesterday’s session that | think this workshop is
very good platform for all participants, especially for students, to experience what international
conferences are and how to cooperate with foreign colleague. | believe everybody has learned a lot
from others. I am very happy the workshop is so successful. Now, please rise your cup and cheers for

our friendship and future. Allow me using Chinese: “3z 45 !”

International Workshop on Innovative Project 2013 (1WIP2013) |
mm 20 MNagano. Japan
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Development of a Space Perception Tool for Indoor Usage

TANG Shan-qun, ZENG Hong-liang, LAI Sin-cheng, CHEN Yen-chu, HOU Max T.

(Department of Mechanical Engineering, National United University, 1 Lienda, Miaoli 36003, Taiwan)

Abstract: We developed a tool to help people with visual impairments to percept the space
surrounding them, especially for indoor usage. The tool, which looks like a glove, contains several
infrared sensors and vibration motors. The infrared sensors were used to measure the distances
between the individual sensor and the objects in front of the sensors. A microprocessor was used to
process the measured distances and control the vibration motors. The motor vibration was used to
notice the tool user how far the object is. The distances were divided into three levels, which are
near, middle and far. If the distances are considered as near, middle and far, the motor vibrations
will be large, small and zero, respectively. The tool has been fabricated, programmed and tested.
The results show that the tool works well. It demonstrates a promising tool for blind people to do

the indoor space perception.

Keywords: assistive devices; visual impairment; mechatronic systems

1 Introduction

Some people with visual impairments
live independently. A wide range of tools and
techniques are used to help them to navigate
successfully. The white cane with a red tip is
usually used to improve mobility. The cane is
used to extend the touch sensation of the user.
However, techniques for using the cane highly
depend on the user. Some people employ
guide dogs to help them in travelling.
However, the helpfulness of guide dogs highly
depends on the dogs. Using GPS as a mobility

aid for the visually impaired is another method.

Such navigation tool can help blind people
know their position and direction. It is a
supplementary for traditional mobility tools.
Even more, technology to enable blind people
to drive cars is under developing. These
methods are more suitable for outdoor usage.
For indoor usage, the distance between
blind people and the object is much smaller
than the one for outdoor usage. For example, a
cup on a table is reachable. It’s inconvenient
to use the above-mentioned methods to help
blind people know the relative position of the
cup. The most often way for blind people to
find the cup is to sense the cup by touch.
However, it takes the risk of sweeping the cup
off the table onto the floor. In this work, we
propose a method to help blind people
construct the spatial configuration indoor.

2 Method
2.1 Design

As shown in Fig. 1(a), the proposed
tool contains a glove, a microprocessor, a
circuit, several IR sensors and several

N User’s

User |(—| Moto 8051 IR

(b)
Fig. 1 (a) Scenario and (b) block diagram of the
proposed tool

REFLECTED IR
IR LED B
EMMITED IR

Fig. 2 Principle of an IR sensor

vibration motors. Fig. 1(b) shows the block
diagram of the system. When a user is
approaching to a cup, the desired distance to
the cup is assumed to be zero. The actual
distance can be sensed and processed by IR
sensors and the microprocessor (here, we used
an8051 microprocessor [1]), respectively.
Then, the actual distance will be “translated”
to motor vibration. The user will feel the
vibration and determine the distance.
Comparing to the desired distance, the user
can make his/her hand move quickly or
slowly.
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' Fig. 4 Afabricated tool

2.2 Sensor

Infrared (IR) sensors are often used in
range or proximity sensing for robotic systems,
reverse parking assist systems and human
body tracking [2-7]. An IR sensor emits a
beam of IR radiation, and tries to find the
return signal. Time-of-flight from the emitter
to the receiver (see Fig. 1) is adopted to
calculate the distance to an object.IR sensors
were used due to their high reliability and long
functional life.
2.3 Circuit

A circuit (see Fig. 3) has been
designed to achieve the proposed function [8].
The circuit contains an 8051 (microprocessor),
an ADC 0804 (analog-to-digital convertor), a
S9013 (transistor), IR sensors and other
passive elements. The 8051 was used to
integrate all components. An ADC0804 was
used to convert the sensed signal into digital.
The S9013 is used to enhance the measured
range. With the circuit, the tool shown in Fig.
1 was achieved.
2.4 Prototype

Fig. 4 shows the prototype of the
proposed tool.

3. Result

The relationship between the distance
to the object and the measured voltage was
firstly tested. As shown in Fig. 5, the result

LAYy

Measured voltage

1 5 10 15 20 cm
Distance to the object
Fig. 5 Relationship between the distance to
the object and the measured voltage

shows that the measured voltage increases
when the distance increases, and saturates at
about 20 cm. The measured voltages (0 - 3.3
V) were categorized as three levels, i.e. small,
middle and large. The level of motor vibration
depends on the level of measured voltage.
Then, the user knows how far the object by
feeling the vibration.

4. Conclusion

A haptic tool for constructing indoor
spatial configuration has been demonstrated in
this work. The motor vibration has been used
to help blind people know the distance to an
object. Using the tool, blind people may live
better.
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