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ToA Trilateration
Trilateration: finding a position of a target using measured 
distances between beacons and the target

(Tx, Rx: time synchronized)
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TDoA Trilateration
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passive system                         active system
(Tx: synchronized)                    (Rx: synchronized)
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Positioning Performance
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TOA                                   TDoA

TOA shows better positioning performance than TDoA

circle (2D) or 
sphere (3D) hyperbola (2D) or 

hyperboloid (3D)
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epoch at  

given by TX 
012 

• Use multiple (two or more) 
ultrasonic signals with different 
frequencies

• Set a reference time  as the 
phases of the multiple signals 
have the same value  epoch

Phase Accordance Method (PAM)
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How to identify the epoch accurately?
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Accurate and precise arrival time detection method

synchronized /
not synchronized
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: (14.75, 15.25) [kHz]
: (15.75, 16.25) [kHz]
: (16.75, 17.25) [kHz]
: (17.75, 18.25) [kHz]
duration : 2 ～ 4 msec

FDM-PAM for Smartphone
Frequency Division Multiplexing (FDM)  
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Possible to transmit 
and receive using 
off-the-shelf audio 
speakers and 
smartphone built-in 
microphones

• OFDM (Orthogonal Frequency-
Division Multiplexing) like 
frequency assignment to 
different  audio speakers 
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