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A Multi-functional Electronic Travel Aid System
Based on Ultrasonic Sensors
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Abstract: An electronic travel aid system was presented, which has the function of obstacle avoidance and indoor loca-
tion. The system consists of two parts: obstacle avoidance and indoor location. In the first part, the ultrasonic sensors around
the waist and on the top of shoes are used to detect the obstacles both in the air and on the ground. The collected obstacle
data are transmitted to the user by means of sensory substitution, which means to use a micro-vibration motor to produce
vibrating alert. The use of ultrasonic sensors on the shoes depends on the pressure sensors under the feet. In the second part,
the posture sensors and human kinematics are used to realize relative localization. And then the sonar around the waist can be
used as an absolute location device. An extended kalman filter is employed to realize the data fusion of different sensor sys-
tems. The indoor location information is transmitted to the user via bone conduction earphones. While the bone conduction
earphones are giving information, the ears are open. Therefore, there are no safety problems. Experiments have been carried
out to verify the system’s validity and practicality.

Key words: visually impaired; obstacle avoidance; multi-sensor fusion; indoor location; wearable system
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Fig.1 Overall design
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Fig. 2 Hardware system structure
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Fig. 3 Layout of the ultrasonic sensors
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Fig. 4 Diagram of pressure sensor circuit
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Fig. 5 Data processing module interface
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Fig. 6 Location diagram of the extended Kalman filter
positioning system
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Tab.1 Experimental results of single ultrasonic sensor
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30 32 6.7
50 52 4.0
70 71 1.4
90 92 2.2
110 114 3.6
130 135 3.8
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170 176 3.5
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