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  A goal of the Center for Island, Maritime, and Extreme Environment Security is to develop passive acoustic methods to monitor harbor and
near-shore environments. To study detection of open circuit SCUBA divers, several regulator configurations were recorded and characterized
under ideal conditions in a pool environment. Sound Pressure Levels (SPL) and Sound Spectral Levels were calculated over the 300 Hz to 80
kHz band. Preliminary results include SPL range over selected recordings. Regulator broad-band signatures were used to test detection
algorithms under varying synthetic and real ambient noise conditions. The first detector is an envelope detector exploiting a priori knowledge of
the underlying signal length, corresponding to the divers's fundamental breathing frequency and require at least two breaths for a positive result.
In order to maximize signal to noise ratio (SNR), regulator signatures were band-pass filtered to exploit their respective dominant features.
Receiver operating characteristic curves were calculated to compare detector performances.
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INTRODUCTION

Classification and detection of divers using underwater breathing apparatus (UBA) such as SCUBA and 
rebreathers with passive acoustics is of interest to a broad community of researchers. UBA is one of the main tools 
for observing aquatic species and applications range from diver-animal interaction to detection of divers in no entry 
environments such as protected reefs and secure port and near shore areas. Vessels (McKenna et al. 2012), the ocean 
environment (wind and waves), snapping shrimp (Legg et al. 2007) and other elevated background noises make 
detection of sources with low signal to noise ratio (SNR) difficult.

Previous research has focused on detection of SCUBA in port (Lennartsson et al. 2009; Johansson et al. 2010)
and estuary (Stolkin et al. 2006; Stolkin et al. 2007; Sutin et al. 2010) environments with the goal of estimating the 
performance of a hardware/software detector against increasing noise levels. The few reported diver source levels
(Radford et al. 2005; Donskoy et al. 2008) are not comparable due to large differences in the analysis methods and 
experimental procedures.

.

SOURCE SIGNATURES

(a) Scuba Pro MK25, 129.7 dB (b) Royal Mistral 133.3 dB

FIGURE 2. Spectrogram (2048 frequency bins), Spectrum Levels and Waveform of tested SCUBA Regulators

To estimate the source signature of SCUBA divers, several preliminary experiments were conducted in a diving 
well at the University of Hawai’i at Manoa. Signatures of several regulators (2 of them shown in FIGURE 1) were 
recorded with a custom build analog-to-digital-converter (Fedenczuk and Nosal 2011) capable of recording 12

(a) ScubaPro MK 25 (2nd

Stage G250)
(b) Royal Mistral (single 

stage, ca. 1962)

FIGURE 1.  Tested Regulators attached to their tanks.
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channels at 192 kHz digitized at 24 bits. It is equipped with an anti-aliasing and a 10 Hz high-pass filter. Sound 
pressure levels (SPL) were integrated over the 300 Hz to 80 kHz band and reported units of decibels are referenced 
to ������������. SPLs were calculated for selected breaths throughout the recordings. SPLs were around 129 dB for 
the Scuba Pro and 134 dB for the Royal Mistral. Two signatures are shown in FIGURE 2. 

SIGNAL DETECTION

To estimate detection ranges for the recorded diver signals, characteristic operation curves (ROC) were
computed to allow comparison between different detectors and for different noise environments. For the preliminary 
analysis, a total of 36 signals were used, each being ten seconds long. Two diver breaths were present in 18 of the 
signals; the remaining 18 signals were recordings of pool background noise. For plots, the probability of detection is
plotted against SNR at a fixed false alarm rate of 10%.

     FIGURE 3 shows the probability of detection versus 
SNR using an envelope detector (Stolkin and Florescu 
2007). The signal (see FIGURE 2a) was filtered from 11 
kHz to 15 kHz at a specific SNR using a Kaiser band-
pass filter. The band was chosen based on a strong 
energy feature seen in several of the tested regulators in 
that region. As expected, the detector performs worse 
using white noise and slightly better with pink noise. For 
pink noise, the detector performs well until about -14 dB 
SNR, for white noise detection performance is 100% 
until about -11 dB. 

FIGURE 3. Probability of detection versus SNR for Scuba 
Pro, exploiting a strong feature around 13 kHz

FUTURE WORK

This paper presents a preliminary analysis of selected data of the experiment only. A more comprehensive 
review of all data and corresponding analysis will provide a better picture of the difference between several 
regulators and their detection distance, using other detectors as well. For ROC analysis, increasing the number of 
files with and without signal (from 38 to several 100) will increase the resolution and hopefully be a more 
trustworthy indicator of detection range.

ACKNOWLEDGMENTS

The authors thank the research divers Troy Heitmann, Lauren Tuthill and Keo Lopez. Contributions from John 
Allen and Tyler Hee Wai were very helpful. The authors acknowledge the support of Margo Edwards, The Director 
of the National Center for Island, Maritime and Extreme Environmental Security. Mahalo to the UH Diving Safety 
Office, especially to Keoki Stender and David Pence, for their contributions.

This material is based upon work supported by the U.S. Department of Homeland Security under Grant Award 
2008-ST-061-ML0002 through the Center for Island, Maritime and Extreme Environment Security. The views and 
conclusions contained in this document are those of the authors and should not be interpreted as necessarily 
representing the official policies, either expressed or implied, of the U.S. Department of Homeland Security.

REFERENCES

Donskoy, Dimitri M., Nikolay A. Sedunov, Alexander N. Sedunov, and Michael A. Tsionskiy. (2008). “Variability of SCUBA 
Diver’s Acoustic Emission.” In Proceedings of SPIE, 6945:694515–694515–11. SPIE.

Fedenczuk, Tom, and Eva-Marie Nosal. (2011). “Hawaii Experimental Acoustics Range (HEAR) for Shallow Water 
Applications.” Journal of Marine Technology Society 45 (3): 69–76.

K. Gemba and E. Nosal

Proceedings of Meetings on Acoustics, Vol. 19, 070067 (2013)                                                                                                                                    Page 3



Johansson, A. T., R. K. Lennartsson, E. Nolander, and S. Petrovic. (2010). “Improved Passive Acoustic Detection of Divers in 
Harbor Environments Using Pre-whitening.” In OCEANS 2010 MTS/IEEE SEATTLE, 1–6. IEEE. 

Legg, Matthew W., Alec J. Duncan, Anthony Zaknich, and Michael V. Greening. (2007). “Analysis of Impulsive Biological 
Noise Due to Snapping Shrimp as a Point Process in Time.” In OCEANS 2007 - Europe, 1–6. IEEE. 

Lennartsson, R. K., E. Dalberg, L. Persson, and S. Petrovic. (2009). “Passive Acoustic Detection and Classification of Divers in 
Harbor Environments.” OCEANS 2009, MTS/IEEE Biloxi - Marine Technology for Our Future: Global and Local 
Challenges: 1–7.

McKenna, Megan F., Donald Ross, Sean M. Wiggins, and John A. Hildebrand. (2012). “Underwater Radiated Noise from 
Modern Commercial Ships.” The Journal of the Acoustical Society of America 131 (1) (January): 92–103.

Radford, Craig A., Andrew G. Jeffs, Chris T. Tindle, Russell G. Cole, and John C. Montgomery. (2005). “Bubbled Waters: The 
Noise Generated by Underwater Breathing Apparatus.” Marine and Freshwater Behaviour and Physiology 38 (4) 
(December): 259–267.

Stolkin, Rustam, and Ionut Florescu. (2007). “Probabilistic Analysis of a Passive Acoustic Diver Detection System for Optimal 
Sensor Placement and Extensions to Localization and Tracking.” In Oceans 2007, 1–6. IEEE.

Stolkin, Rustam, Sreeram Radhakrishnan, Alexander Sutin, and Rodney Rountree. (2007). “Passive Acoustic Detection of 
Modulated Underwater Sounds from Biological and Anthropogenic Sources.” In Oceans 2007, 1–8. IEEE. 

Stolkin, Rustam, Alexander Sutin, Sreeram Radhakrishnan, Michael S Bruno, Brian Fullerton, Alexander Ekimov, and Michael 
Raftery. (2006). “Feature Based Passive Acoustic Detection of Underwater Threats.” In Proceedings of SPIE, 6204:620408–
620408–10. SPIE.

Sutin, Alexander, Barry Bunin, Alexander Sedunov, Nikolay Sedunov, Laurent Fillinger, Mikhail Tsionskiy, and Michael S 
Bruno. (2010). “Stevens Passive Acoustic System for Underwater Surveillance.” In 2010 International WaterSide Security 
Conference, 1–6. IEEE.

K. Gemba and E. Nosal

Proceedings of Meetings on Acoustics, Vol. 19, 070067 (2013)                                                                                                                                    Page 4


	Cover Page
	Article

