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Abstract 
 
In this paper, the author presents a new visual system that can aid visually impaired people in walking. The system 

provides object information (that is, shape and location) through the sense of touch. This visual system depends on 
three different components: (i) an infrared camera sensor that detects the obstruction, (ii) a control system that meas-
ures the distance between the obstruction and the sensor, and (iii) a tooling apparatus with small pins (φ1 mm) used in 
forming a three-dimensional shape of the obstruction. The pins, arranged on a 6×6 matrix, move longitudinally be-
tween the retracted and extended positions based on the distance data. The pin extends individually, while the pin tip 
reflects the object’s outer surface. The length of the pin from the base surface is proportional to the distance of the sen-
sor from the obstruction. An ultrasonic actuator, controlled at a 15Hz frame rate, is the driving force for the pin move-
ment. The tactile image of the 3D shape can provide information about the obstruction. 
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1. Introduction  

According to the World Health Organization [1], 
there are 314 million visually impaired people in the 
world, 269 million of which have poor vision, while 
45 million are blind. These visually impaired people 
lead difficult lives. One of the difficulties they face is 
on mobility particularly when crossing streets or rid-
ing in buses or trains. Many blind people use white 
canes measuring about 1 m, but such canes provide 
little spatial information. This lack of information 
often leads to vehicular and traffic accidents.  

To address this issue, an attempt has been made to 
improve the white cane [2, 3]. Particularly, mechani-
cal and electrical systems are added to provide an 
aural navigation system. A sound message is gener-

ated as the blind person moves closer to the obstruc-
tion. Admittedly, the old cane system is widely ac-
cepted in Japan, but this technology has limited use 
for visually impaired people. The cane is still consid-
ered unreliable and does not guarantee safety in walk-
ing. Therefore, this current work provides a new de-
sign for a visual system that can support visually im-
paired people. 
 

2. Principle of the visual system 

Fig. 1 displays the visual system developed in this 
work. With this system, the information about the 
obstruction, such as the shape and the distance, can be 
provided. The visual system has three components: (i) 
an infrared camera sensor that detects obstructions 
[Fig. 1(a)], (ii) a control system that measures the 
distance between the obstruction and the sensor [Fig. 
1(b)], and (iii) a tooling apparatus with small pins (φ1 
mm) used in forming a three-dimensional shape of 
the obstruction [Fig. 1(c)] 
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Table 1. Specification of the infrared camera sensor. 
 

Parameter  

Detectable distance 1.2 m - 7.5 m 

Vertical direction: ±30deg. 
Emission Angle 

Horizontal direction: 22.5° 

Number of active pixels 128×123 

Frame rate 15Hz 

Resolution 20 mm/m 

Peak wavelength of LED 870 nm ±20 nm 

 
 
Table 1 indicates the specification of the infrared 

camera sensor. With this camera sensor, images of the 
obstruction can be taken at a frame rate of 15Hz. The 
camera sensor can clearly detect obstructions within 
an area of 7500 mm radius and covering 30 degrees 
elevation from the base point of the sensor (Fig. 2). 
The obstruction information can be obtained anytime 
as long as the sensor is attached to the person. The 
object’s image can be translated into a large number 
of image pixels, that is, 128×123 = 15744. Each pixel 
can also indicate the distance data via the control 
system. The data are measured through the time of 
flight (TOF) principle with an accuracy close to a few 
percent. This principle uses a method that measures 
the time it takes for an object to reach a detector while 
traveling over a known distance. The measurement 
depth is proportional to the time needed for the light 
to travel from the camera to the object. The pins, ar-
ranged in a 6×6 matrix, make longitudinal move-
ments between the fully retracted and fully extended 
positions based on the distance data. The end or tip of 
each pin represents a point on the outer surface of the 
object, with the length of the pin from the base sur-
face proportional to the distance of the sensor to the 
object. 

Fig. 3 shows the infrared image of (a) the object (a 
clock) and (b) the depth data from the object. The 
depth data are indicated with color density, that is, the 
darker the color, the closer the distance. Fig. 3(c) 
displays the 3D image of the object formed by the pin 
tips. The 36 pins, arranged in a 6×6 matrix with a 3.5 
mm pitch, make longitudinal movements between the 
retracted and extended positions. The position of each 
pin is controlled by the average depth data in its spe-
cific area, each pin representing 1/36 of the entire area  

 
                         (a)                                    (b) 

 

 
(c) 

 
Fig. 1. Visual system for the detection of obstruction; (a) 
infrared camera sensor, (b) control system, and (c) apparatus 
for forming a 3D image of the object using many small pins. 
 

 
 
Fig. 2. Detection area available to find the obstacle by the 
infrared camera sensor. 

 
[Fig. 3(b)]. 

The value of the pin position is calculated to be 
1/1000 of the true depth data, in which the higher the 
pin level, the closer the position of the object to the 
sensor. For instance, if the depths measured are 3m 
and 7m, the values of the pin position are 7mm and 
3mm, respectively. An ultrasonic actuator is the driv-
ing force for the pin movement, and a tactile image of 
the object’s shape is formed by the pin tips. The over-
all process for this visual system is summarized in the 
flow chart [4] in Fig. 4. 
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Fig. 3. Control system showing (a) the clock, (b) depth data 
from the object, and (c) image from the 6×6 pin array. 

 

 
 
Fig. 4. System flow chart for the visual system. 
 

3. Experiments  

The mechanical performance of the visual system 
was examined, and an attempt was made to see 
whether or not the obstruction information provides a 
clear three-dimensional shape formed by the pins. 
Several objects such as a chair, a pot, and a person 
were used in the examination; the results are shown in 
Fig. 5. These indicate that the camera images of these 
objects are represented by a pin tip image of the outer 
surface. A walk trial was conducted using the system 

 

 

 
 
Fig. 5. Visual system showing various objects: (i) chair, (ii) 
pot, (iii) person. 
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Fig. 6. Schematic illustration of the test field with various 
obstructions such as a desk, chair, and column. 
 
in a field to further examine the performance of the 
visual system. In this case, the participants were com-
pletely blindfolded and were kept away from the ob-
structions. They were ordered to reach a specific goal 
in the shortest time. Various obstructions, for example, 
a desk, chair, and column, were put on the test field as 
displayed in Fig. 6. The start and end points are posi-
tioned to the right and left-hand sides, respectively. 
There are two walkways for the participants as indi-
cated by the dashed line in Fig. 6. In the walk trial, the 
participants successfully found the goal in less than 5 
min without any major collision with any of the ob-
jects. This experiment clearly shows that the system 
could be an effective walking aid for visually im-
paired people.  
 

4. Conclusions 

In this study, a new visual system has been devel-
oped to aid the walking of visually impaired people. 
The system can provide clear information about the 
shape and distance of an obstruction. Information 
about the surrounding objects is obtained using touch 
rather than vision. This system has three components: 
(i) an infrared camera sensor that detects the obstruc-
tion, (ii) a control system that measures the distance 
between the obstruction and the sensor, and (iii) a 

tooling apparatus with small pins (φ1 mm) used in 
forming a three-dimensional shape of the obstruction. 
The pin tip represents part of the outer surface of the 
object. The pins can go up and down depending on 
the distance of the sensor to the object; their move-
ment is driven by a small actuator. With a tactile im-
age of the pin tip array, information about the shape 
of the object can be obtained. 
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