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Bats, Clutter, and Jamming

* Each species has its
own distinct call.!8]
* Challenges
— Clutter!?

— Jamming!®!

http://askabiologist.asu.edu/echolocation
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Bates et al., 2011



Jamming Avoidance Response (JAR)
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Applying Echolocation to Models

* Has a broad range, but due to the effect of
clutter the effective range is much smaller. 1.2
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Figure 5: Visibility region of 7-th and j-th vehicle.
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Mexican Free-Tail Bats, Bracken Cave




Modeling this Behavior

Collective circular motion of multi-vehicle systems™
N. Ceccarelli', M. Di Marco, A. Garulli*, A. Giannitrapani

Dipartimento di Ingegneria dell'Informazione, Universitd di Sieng, Italy

Bats Use Echo Harmonic Structure
to Distinguish Their Targets from
Background Clutter

Mary E. Bates,’* James A. Simmons,>* Tengiz V. Zorikov®

FLIGHT PATTERNS OF BATS
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Single Vehicle Control Laws

Angular velocity

u(t) = 4 F-9p®) - caly(t)) if p(t) >0

o(t) = weos(t) |77 1 0 if p(t) =0

y(t) = wvsinf(t) TS

at) = ult): g(p) =In ( (e 1)- P ‘OD) Control of position w.r.t. beacon;

o po is the tuning radius
ag(y) =14 " %f D Sy=v \Ordains counter-clockwise
' =21 i<y <2n .
Single Vehicle motion
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Multiple Vehicle Control Laws

zi(t) = v cosb(t)
yi(t) = wvsinf;(t)
0:(t) = wit),
8
[ V3| \
Vi
Pi _,‘-;pz'j
Ty; /
Vig
i
0;
Iy,

ui(t) = fiv(pisvi) + Z fiz(pij,ig)-
J#i
J e N;(t)
ky - g(pisco,po) - ad(y) if pi >0

fib(ﬂh"h‘) — { 0 if 0 =0,

fii (Pij:vij) = kv - 9(pij, cv, do) - Ba(vij), +— Collision Avoidance
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Figure 5: Visibility region of i-th and j-th vehicle.



4 \Vehicle Model
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Modeling of Jamming Strategy

 th i . .
17" vehicle * Jamming => sensing space overlap

l * Rand ~ uniform (0,1)
* p =specified probability

f= Suffers
- Jamming

To use entire
Rand=p (g A sensing space Py
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Modeling of Jamming Strategy

it vehicle
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Convergence Time vs Probability
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Results(Mean Convergence Time)
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Results - ANOVA

One-Way ANOVA was used to compare the variance between the
different probabilities within the different populations.
e Only at an N=2 was the variation likely due to chance.

2 0.63 0.59
4 4.19 <0.01
8 14.02 <0.001
16 3.69 =0.01

32 4.4 <0.01



Discussion

Convergence Time
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Conclusion

Increase in | Requires | Increase in | Results Increase in
number of tuning equilibrium
vehicles radius radius
e n Limitations of the model used:
density = —

0, * To ensure an equilibrium state is
reached, the tuning radius is
constrained based on the highest
number of vehicles used.

* This constrains the density that can be
reached within this model while still
attaining an equilibrium state.



References

[1] Arlettaz, R., Jones, G., & Racey, P. A. (2001). Effect of acoustic clutter on prey detection by bats.
Nature, 414(6865), 742-5.

[2] Bates, M. E., Simmons, J. A, & Zorikov, T. V. (2011). Bats use echo harmonic structure to distinguish
their targets from background clutter. Science (New York, N.Y.), 333(6042), 627-30.

[3] Ceccarelli, N., Marco, M. Di, Garulli, A., & Giannitrapani, A. (2008). Collective circular motion of
multi-vehicle systems. Automatica, 44(12), 3025-3035.

[4] Chiu, C., Xian, W., & Moss, C. F. (2008). Flying in silence: Echolocating bats cease vocalizing to avoid
sonar jamming. Proceedings of the National Academy of Sciences of the United States of America,
105(35), 13116-21.

[5] Gillam, E. H., Ulanovsky, N., & McCracken, G. F. (2007). Rapid jamming avoidance in biosonar.
Proceedings. Biological Sciences / The Royal Society, 274(1610), 651-60.

[6] Herreid, C. F., & Davis, R. B. (1966). Flight Patterns of Bats. Journal of Mammalogists, 47(1), 78—86.

[7] Jarvis, J., Jackson, W., & Smotherman, M. (2013). Groups of bats improve sonar efficiency through
mutual suppression of pulse emissions. Frontiers in Physiology, 4(June), 140.

[8] Siemers, B. M., & Shnitzler, H.-U. (2004). Echolocation signals reflect niche differentiation in five
sympatric congeneric bat species. Nature, 429(June), 657—661.

[9] Ulanovsky, N., Fenton, M. B., Tsoar, A., & Korine, C. (2004). Dynamics of jamming avoidance in
echolocating bats. Proceedings. Biological Sciences / The Royal Society, 271(1547), 1467-75.



Questions or Comments



8 Vehicle Model

Average distance from the beacon
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