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Optimization of Code Combination in Multi-Code
Ultrasonic Sensors for Multi-Robot Systems
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Abstract: In multi-robot systems, ultrasonic sensors are widely used for localization and/or obstacle detection. However,
conventional ultrasonic sensors have a drawback, that is, the interference problem among ultrasonic transmitters. There are some
previous studies to avoid interferences, such as TDMA (Time Division Multiple Access) and CDMA (Code Division Multiple
Access). In multiple autonomous mobile robots systems, the Doppler-effect has to be considered because ultrasonic transceivers are
attached to the moving robots. To overcome this problem, we find out the ASK (Amplitude Shift Keying)-CDMA technique is more
robust to the Doppler-effect than the BPSK (Binary Phase Shift Keying)-CDMA technique. In this paper, we propose a new code-
expression method and a Monte-Carlo based algorithm that optimizes the ultrasonic code combination in the ASK-CDMA ultrasonic
system. The experimental results show that the proposed algorithm improves the performance of the ultrasonic multiple accessing

capacity in the ASK-CDMA ultrasonic system.
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1. Application of ultrasonic sensors in a multi-robot system.
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Fig. 2. Comparison of binary code expression and pulse-timing
code expression.
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Fig. 3. Example of received multi-code ultrasonic signal.
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Fig. 4. Example of binarization of received signal.
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