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Ultrasound Echolocation Inspired by a Prey Detection
Strategy of Big Brown Bats
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Abstract: It is known that big brown bats can distinguish echo of a prey at various angles. In this paper, we suggest a new
object localization strategy using ultrasonic echolocation. We calculate the relative energy ratio between a high frequency
component of ultrasound signal and a low frequency component of ultrasound signal for a target object. We found the measure
depends on bearing angle of the object in space. We also tested energy ratio of echoed FM ultrasound signals depending on
frequency, based on cross-correlation. It can determine the relative angular position of objects even though the reflected signals

are congested form each object.
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Fig. 1. Ultrasonic emitter and receiver.
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Fig. 2. Received signals when an object is located 90 cm away

from sensor.
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Fig. 3. Spectrogram of signals shown in Fig. 2.
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Fig. 4. Power spectral density of reflected ultrasonic signals.
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Table 1. Energy distribution according to the bearing angle and
distance of an object.

50 cm 0° 10° 20° 30° 40°
40~60 kHz | 8.6E-03 | 7.8E-03 | 5.3E-03 | 2.5E-03 | 4.2E-04
60~70 kHz | 2.0E-03 | 4.8E-04 | 9.1E-05 | 4.6E-05 | 9.3E-06
70~90 kHz | 7.5E-05 | 3.7E-05 | 9.4E-07 | 1.9E-06 | 7.8E-07

60 cm 0° 10° 20° 30° 40°
40~60 kHz | 7.5E-03 | 4.1E-03 | 2.4E-03 | 1.0E-03 | 3.3E-04
60~70 kHz | 3.0E-03 | 3.7E-04 | 5.0E-05 | 8.7E-05 | 2.1E-05
70~90 kHz | 6.5E-04 | 8.5E-06 | 1.8E-06 | 1.7E-06 | 2.2E-07

70 cm 0° 10° 20° 30° 40°
40~60 kHz | 6.4E-03 | 2.7E-03 | 1.5E-03 | 4.9E-04 | 1.2E-04
60~70 kHz | 2.4E-03 | 2.4E-04 | 2.4E-05 | 44E-05 | 1.0E-05
70~90 kHz | 1.5E-04 | 1.0E-05 | 1.4E-06 | 1.8E-06 | 8.6E-08

80 cm 0° 10° 20° 30° 40°
40~60 kHz | 4.6E-03 | 3.2E-03 | 4.5E-04 | 3.5E-04 | 1.5E-04
60~70 kHz | 2.1E-03 | 1.4E-04 | 1.8E-05 | 2.8E-05 | 2.1E-05
70~90 kHz | 1.7E-04 | 9.3E-06 | 8.0E-07 | 6.4E-07 | 1.6E-07

90 cm 0° 10° 20° 30° 40°
40~60 kHz | 3.1E-03 | 1.2E-03 | 2.3E-04 | 2.0E-04 | 9.1E-05
60~70 kHz | 2.7E-03 | 7.5E-05 | 6.9E-06 | 2.2E-05 | 1.3E-05
70~90 kHz | 4.1E-04 | 5.8E-06 | 7.8E-07 | 8.8E-07 | 8.9E-08

100 cm 0° 10° 20° 30° 40°
40~60 kHz | 2.3E-03 | 3.9E-04 | 3.7E-04 | 1.6E-04
60~70 kHz | 2.3E-03 | 2.5E-05 | 2.4E-05 | 1.1E-05
70~90 kHz | 3.9E-04 | 3.4E-06 | 3.3E-06 | 2.2E-07
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Table 2. Change of o value according to distance and bearing
angle of a target object.

0° 10° 20° 30° 40°
50 cm 115 207 5651 1302 530
60 cm 12 477 1359 597 1485
70 cm 42 262 1059 275 1388
80 cm 27 345 557 551 914
90 cm 7 206 290 228 1022
100 cm 6 112 112 750
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