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A Sound Localization Model Based on the Alternate Pinna Movement

of CF-FM Bats
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In our previous study, Hipposideros terasensis (CF-FM bat) was observed to move its pinnae back and forth alternately when
the bat paid attention to an approaching target during echolocation. Since this finding suggested that the bats might facilitate the
echolocation by this pinna movement, we proposed the sound localization model based on this pinna movement. In this model, the
interaural intensity differences (IID) and the sound pressure difference between two successive echoes (paired-interaural intensity
differences: PIID) were used for cues to express the vertical and horizontal positions of the target respectively.

In this study, we measured the IID and PIID by using two microphones (as the bat’s left and right ears) and an ultrasonic
transducer (target). It was found that the measured IID and PIID well agreed with the estimated values. In addition we tried to
localize a position of the target (transducer) from the measured IID and PIID while changing horizontal or vertical position of the
transducer. Our results show that the direction of the target could be detected by using the proposed sound localization model based

on the bat’s alternate pinnae movement.
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Fig. 1. External ear (pinaae) of CF-FM bat (Hipposideros terasensis).
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Fig. 2. Schematic side views of bat’s pinnae (a) Angled pinna
changes its direction of maximum sensitivity (b) Pinna
movement differs the echo delay between right and left pinnae.
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Fig.4. Schematic diagram of proposed sound localization model.
.2MEREBR

SWRROBIEB % 30° & Lz L &0 IID ORIER-R
& BRI A Fig S@ITRT. £7z, SZIRBROME
d % 10mm (d /A=1.0), \iFHZE ¢ Zn/2 & L7z& D PID
DORERER & Blama RS 2 Fig S0~




66

O Measured [IDd (d/A) = 7mm (0.7)
O Measured [ID d (d/A) =10mm (1.0)
O Measured [ID d (d/A) = 15mm (1.5)
A Measured IID d (d/A) =20mm (2.0)

— Estimated IID

| 1 1
-50 0 50

O Measured PIID B=10°

+ Measured PIID B=20°

A Measured PIID B=30°

O Measured PIID B=40°
— Estimated PIID

PIID
o
o
T

d(dn) = 10mm (1.0)
-10} N ¢=102n

Horizontal Angle [ ° |

Fig. 5. Changes in IID (a) and PIID (b) as a function of the target
(transducer) angle.
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