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Fig.2 Photos of human wearing devices from different angles (a—f), schematic diagram of device tank (g) and physical

drawing of bluetooth module (h)
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Table 1 The instruction set of 11 tactile keyboards
Action Coding Action Coding
Backward Long G Stop Long S
Turn back Triple short G Warning stop Triple short S
Forward Long B Turn right Twice short C

Fast forward

Triple short B

Turn left Twice short A
Oblique left turn Short A
Step right Short E
Step right half Short R
Step left Short D
Pick up Triple short F + short A
Put down Triple short F + short C
Move arm forward Triple short F + short B
Move arm up Triple short F + short F

Squat down

Sit down

Twice short H
Short G+ short H

Oblique right turn
Step forward
Step back
Step up
Step left half
Step down
Move arm right
Move arm left
Move arm back
Move arm down

Stand up

Short C
Short B+ G
Short G+ B
Short H
Short L
Short F
Triple short F + short E
Triple short F + short D
Triple short F + short G
Triple short F + short H
Twice short F
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Table 2 Tactile resolution comparison of 5 student subjects

C D E

Subject A B
Gender/Hair length Male/Short Male/Short
Highest resolution 1.5 cm 2.0cm

Minimum resolution 2.0 cm 3.0cm

Female/Long Female/Long Female/Long
2.0 cm 2.0 cm 1.5cm

2.5cm 2.5cm 2.0 cm
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Fig. 3 Video screenshots from the linear walking experiment (screenshot from Video S1 in Supplementary)
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Fig.4 Measured data of walking deviations from the two subjects A and B
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Fig. 5 Video screenshots from the walking experiment in return corridor (screenshot from Video S2 in Supplementary)
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Fig. 6 Video screenshots from the experiments of climbing steps (a) and finding chairs (b)

(screenshot from Video S3, 4 in Supplementary)
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Fig. 7 Video screenshots from the experiments of finding a seat in the cafe (a) and taking the cup from the table (b)

(screenshot from Video S5, 6 in Supplementary)
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Fig. 8 Video screenshots from the experiments of blind avoiding obstacles (screenshot from Video S8 in Supplementary)
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A Virtual Vision Navigation System for The Blind Using Wearable
Touch—vision Devices

GE Song", LIN Yan-Ni", LAI Shun-Nan", XU Jing-Jing”", HE Yu-Li?,
ZHAO Qi”, ZHANG Hong", XU Sheng-Yong""

(VSchool of Electronics, Peking University, and Key Laboratory for the Physics & Chemistry of Nanodevices, Beijing 100871, China;
ISchool of Microelectronics, Shandong University, Jinan 250100, China;
ISchool of Electronic and Information Engineering, Beihang University, Beijing 100191, China;
9School of Astronautics, Beihang University, Beijing 100191, China)

Abstract Objective More than 200 million people are visually impaired or blind worldwide. Artificial vision
system has been widely studied for a long time. There are two main technical paths for the research of artificial
vision system, the first is implantable artificial vision device, and the second is non-implantable and wearable
device. This study demonstrates a non-implantable system prototype based on a wearable touch-vision device
designed for the head that can help blind people and visually impaired people complete complex tasks in life such
as walking. Methods The image information front of the subjects is collected, and transmitted wirelessly to the
operator. After analyzed and processed, it is wirelessly transmitted to wearable devices such as headgears in the
form of tactile coding to trigger the multi-point head tactile sensation, thus the subject’s information or precise
action instructions is obtained. The system also assists the subjects with voice information, allowing them to learn
more about road conditions and environmental information. Results 5 healthy volunteers (2 males and 3
females) and 1 young blind person (male) were tested with the prototype. The results show that, the prototype
makes full use of the head’s natural distinguishing ability for directions including front, back, left and right, and
quick response ability to the touch, and the prototype can send clear instructions such as going straight, adjusting
to the left or right, and turning. The test showed that the response time of subjects to tactile commands was within
0.5 s, and the mean value of the standard deviation of the deviation of walking for about 7 m is reduced to (16=+
10) cm compared with the case without wearing the device. Conclusion Experimental results show that the
system can provide environmental image information in a concealed and accurate manner, and help visually
impaired people complete daily activities such as walking, avoiding obstacles, going up steps, entering cafes and
other public places, fetching objects on the table, which meets expectations of assisting blind people improve their
quality of life. In the future, the prototype system will be further improved, especially miniaturization and smart
chip. The tactile devices are made into neck rings, belts, bracelets, foot rings, etc., which will be widely used in a

variety of work scenarios such as travel assistance for the blind, night field trips, and deep sea diving.
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