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APPENDIX A - CALIBRATION CERTIFICATES 

 
 
 
Hydrophones: 
1. Certificate # 17-06-2003 Hydrophone # Г3304-0.1 №30 Type G33 (Г33) 
2. Certificate # 18-06-2003 Hydrophone # Г3304-0.1 №51 Type G33 (Г33) 
3. Certificate # 20-06-2003 Hydrophone # Г3304-0.1 №81 Type G33 (Г33) 
4. Certificate # 21-06-2003 Hydrophone # Г3304-0.1 №84 Type G33 (Г33) 
5. Certificate # 22-06-2003 Hydrophone # Г3304-0.1 №113 Type G33 (Г33) 
6. Certificate # 06-06-2004 Hydrophone # GI-50  №004 Type GI-50 (ГИ-50) 
7. Certificate # 07-06-2004 Hydrophone # GI-50  №005 Type GI-50 (ГИ-50) 
8. Certificate #  8-06-2004 Hydrophone # GI-50  №006 Type GI-50 (ГИ-50) 
9. Certificate #  9-06-2004 Hydrophone # GI-50  №007 Type GI-50 (ГИ-50) 
10. Certificate # 10-06-2004 Hydrophone # GI-50  №008 Type GI-50 (ГИ-50) 
11. Certificate # 11-06-2004 Hydrophone # GI-50  №010 Type GI-50 (ГИ-50) 
12. Certificate # 13-06-2004 Hydrophone # GI-50  №015 Type GI-50 (ГИ-50) 
13. Certificate # 14-06-2004 Hydrophone # GI-50  №017 Type GI-50 (ГИ-50) 
14. Certificate # 15-06-2004 Hydrophone # GI-50  №021 Type GI-50 (ГИ-50) 
15. Certificate # 16-06-2004 Hydrophone # Г61Н  №07 Type G61H (Г61Н) 
 
 
SVXtra hydrologic sonde: 
1. Equipment Checklist 
2. SVXtra Calibration and Instrument build record 
3. Conductivity sensor Calibration record SN #10905 Type 62R 
4. Sound Velocity sensor Calibration record SN #10903 Type 100 mm 
5. Pressure sensor Calibration record SN # 1599575 Type PDCR4000 
6. Temperature sensor Calibration record SN # 405 Type PRT 
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APPENDIX B - AUAR INSTRUMENT TESTS 

Instrument Tests for Autonomous Underwater Acoustic Recorder (AUAR) 

General performance and calibration tests can be conducted on the equipment to verify 

consistent performance from recorder to recorder and to calibrate the response of each unit.  

This can be accomplished with a low distortion sine wave oscillator (if available, otherwise a 

regular sine wave oscillator may be used), and a rms voltage meter or oscilloscope. In 

general, all units should have the same response.  The equipment specifications are listed 

at the end of the document; all units should meet these specifications. 

System Noise Tests 

At the connector where the hydrophone typically mates to the unit, terminate the two pins 

with a 'short' or a small resistor (the resistance should be approximately equal to the 

effective output impedance of the pre-amplifier), record data for 30 to 60 seconds.  Software 

analysis should produce rms and DC Offset results along with a spectral analysis. The noise 

characteristics and levels for all recorders must meet the instrument test specifications.   

System Dynamic Range 

20 Hz, 200 Hz, 500 Hz, 2 kHz and 5 kHz oscillator signals can be generated, set (using the 

RMS meter or oscilloscope) at the maximum input signal level of the preamplifiers, to 

determine an approximate dynamic range of the recorder.  The signal should be input prior 

to the first pre-amplifier.  The signal level will be increased in 10 dB steps from the minimum 

input signal level to the maximum63, and data will be recorded for 300 seconds. 

 

                                            
63 One possibility is to use a calibrated attenuator with 10 dB steps inserted between the test oscillator and the 
pre-amp input.  The output of the oscillator can then be set initially at a voltage above the expected dynamic 
range limit and the attenuator stepped down in -10 dB steps to check the pre-amp linearity and distortion as a 
function of input level.  Conversely, the attenuator can be set to provide an input level within the accepted 
dynamic range of the pre-amp and the attenuation reduced in 10 dB steps to check the overload 
characteristics of the pre-amp. 
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If possible, the oscillator should be connected to all of the recorders at the same time using 

a spider cable.  The recorded data should be a smooth sine wave, not clipped or distorted at 

the peaks.  Software analysis should produce approximately the same rms values as 

measured on the rms meter or the same peak values as viewed on the scope.  Use the best 

rms record and the System Noise record to determine the System Dynamic Range.  A 

spectral analysis should show the oscillator signal fundamental and very small harmonics (if 

any).  If harmonics are high then either the signal is clipped or the oscillator is not low 

distortion.  A distortion analysis can be made with software to see the quality of the recorded 

test signal.  All units should have about the same peak levels and should meet the 

instrument test specifications.   

System Filter Response 

The amplitude response of the system can be verified and aliasing identified using an 

oscillator with fixed frequencies throughout the pass band. (5, 10, 20, 100, 500 Hz, and 1, 2, 

3, 4, 5, 6, 7, 8, 9, 10, 10.1, 10.3, 10.5, 11, 12, 13, 14, 15, 15.1, 15.3, 15.5, 16, 17, 18, 19, 20 

kHz).  The signal should be input prior to the first pre-amplifier and data recorded for 60 

seconds.  Also record a 300-second record with a broad band white noise input signal.   

 

The tonal signal tests need only be conducted once per unit; the combined results from the 

tonal signal test and white noise test will be used to define a filter response for each unit.  

This filter response will be compensated for as the data is processed.  The white noise test 

is the standard filter response test.  If the system filter response does not replicate the initial 

tonal signal test a further tonal test should be conducted. 

 

For both of these tests if possible, pulse all recorders at the same time using a spider cable.  

Spectral results from these tests should be used to determine the amplitude responses of all 

the recorders. 

Cross-feed Tests 

The recorders have two inputs to the ADC (a high frequency and a low frequency channel).  

A cross-feed check can be conducted by injecting a known signal into one channel at a time 

(the other channel being terminated with an impedance close to that existing when the unit 

is connected to the system).  Software analysis can determine the cross-feed levels. 
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Cross-calibration Tests 

All recorders should be cross-calibrated at the beginning and end of the program.  If 

significant changes are made to a recorder or recorders, they should be cross-calibrated 

with an unchanged recorder of the same type when possible. 

Test Schedule 

All recorders should have a full set of instrument tests prior to initial deployment and at the 

end of the program.  These tests should be written to disc. 

 

Before and after each deployment of a recorder, the gains, sample rates and key recording 

settings should be evaluated and written to disc to ensure parameter stability.  A new set of 

instrument tests (not including a cross-calibration test) should be recorded before each 

deployment. 

 

Instrument tests should be primarily evaluated in the range from 1Hz to 15kHz. 
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APPENDIX C - CROSS-CALIBRATION RESULTS 

At the end of the 2004 expedition (4-5 October) a cross-calibration of all thirteen AUARs 

used in the 2004 field program was conducted on the Academik Oparin.  All AUARs were 

calibrated by comparing noises generated by the Academik Oparin and tonal signals 

generated by the LF and HF broadband sound transducers. 

The field cross-calibration was conducted by tying a number of hydrophones together in a 

bundle (Figure C.1), and deploying them from the Academik Oparin at a depth of ~10 m 

while it was anchored in 30 m of water.  The hydrophones were divided into groups due to 

the number of hydrophones being calibrated.  One hydrophone was used as a control for all 

the groups.  The AUARs on the Academik Oparin synchronously recorded the signals from 

these hydrophones.  The purpose was to simultaneously record the same signal on all 

AUARs, allowing the relative calibrations of the AUARs to be confirmed.  Data was recorded 

at a 30 kHz sample rate on the HF and LF channels of each AUAR.  All spectra were 

 
Figure C.1 - AUARs being cross-calibrated on the Academik Oparin. 
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corrected for amplitude and frequency so the absolute acoustic level of the signal was 

calculated for the specified frequencies (LF channel: 1 Hz -10 kHz, HF channel: 10 Hz -

15 kHz). 

 

Figures C.2 to C.4 display spectra showing the results of the cross-calibration analysis 

(between 0.5-15 kHz) of the thirteen AUARs.  Figures C.5 and C.6 display spectra showing 

the same analysis from 1 to 500 Hz.  Analysis of the acoustic field measurements made with 

the 13 AUARs indicate that in the frequency band 1-500 Hz there is clear narrowband noise 

generated by the Academik Oparin and at frequencies greater than 3 kHz the acoustic field 

is dominated by the noise signal from the broadband transducer. Since the acoustic energy 

is not evenly distributed throughout the frequency band, calculations of the relative errors for 

the thirteen AUARs were made in the following frequency bands: 1-500 Hz and 500-9500 

Hz for the LF channels, and 9500-15000 Hz for the HF channels. 

 

Table C.1 is a statistical analysis of the cross-calibration data showing the relative errors in 

the acoustic field measured by the 13 AUARs during the cross-calibration, the results were 

calculated using the following methodology: 

 

1. For each AUAR the integrated power spectral density for the specified frequency band 

[dB] is calculated using Equation (C1): 
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Where:  
i is the AUAR number, 
j is the frequency band number, 
G(f) is the power spectral density at frequency f  (Figure C.2), 

1f , 2f  are the limits of the frequency band. 
 

2. The average value [dB] of the spectral density within the frequency band for all thirteen 

AUARs is calculated using Equation (C2): 
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Where:  
n is the number of AUARs in the group 
 

3. The relative error for AUAR number i in the frequency band jf∆  is calculated using 

Equation (C3): 

 jjj ff
i

f
i GG ∆∆∆ −=σ  (C3) 

 

Table C.1 - Cross-calibration - statistical relative error analysis in the frequency 
bands 1-500 Hz, 0.5-9.5 kHz and 9.5-15 kHz.  

 
 

 )( ji f∆σ    [dB] 

 1f∆  2f∆  3f∆  

 f1 = 1 Hz f1 = 500 Hz f1 = 9500 Hz 
AUAR # f2 = 500 Hz f2 = 9500 Hz f2 = 15000 Hz 

1 0.7991 0.0147 0.2970 

2 0.8399 0.0319 0.5004 

3 0.9907 0.0687 0.0464 

4 0.8441 0.0859 0.2498 

5 0.0409 0.1565 0.1217 

6 0.4846 0.1362 0.1397 

7 0.5493 0.0617 0.0205 

8 0.6471 0.3233 0.3745 

9 0.8255 0.2836 0.4832 

10 0.7362 0.4262 0.7474 

11 0.9481 0.0157 0.6742 

12 0.5698 0.2739 1.0690 

13 0.8153 0.1930 0.2149 
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As can be seen the maximum absolute error for any AUAR from the mean is 1.069 dB64.  

This is within the expected relative error limits for the equipment and the absolute calibration 

of the data was therefore confirmed. 

                                            
64 The highest calibration errors were found in calibrations with lower signal levels. 

Figure C.2 - Cross calibration analysis for AUARs 1 to 4 - Spectra of signals generated 
by the broadband transducer and synchronously measured by all the AUARs in the 

group (after instrument response [amplitude-frequency] correction). 
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Figure C.3 - Cross calibration analysis for AUARs 4 to 7 - Spectra of signals generated by 

the broadband transducer and synchronously measured by all the AUARs in the group 
(after instrument response [amplitude-frequency] correction). 

 

 
Figure C.4 - Cross calibration analysis for AUARs 4, 8 to 13 - Spectra of signals generated 
by the broadband transducer and synchronously measured by all the AUARs in the group 

(after instrument response [amplitude-frequency] correction). 
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Figure C.5 - Cross calibration analysis for AUARs 1 to 7 - Spectra of 21 Hz signal (and 

harmonics) generated by the low frequency transducer and synchronously measured by 
all the AUARs in the group (after instrument response [amplitude-frequency] correction). 

 

 
Figure C.6 - Cross calibration analysis for AUARs 7, 8 to 13 - Spectra of 21 Hz signal (and 
harmonics) generated by the low frequency transducer and synchronously measured by 
all the AUARs in the group (after instrument response [amplitude-frequency] correction). 
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APPENDIX D - METHODOLOGY FOR NORMALIZING AND ANALYZING THE 
ACOUSTIC DATA 

The AUARs record a discrete time series that allow the temporal, spectral and spatial 

properties of the acoustic field to be analyzed.  The data was normalized and corrected 

using the following algorithms65: 

 
1. Normalization of the raw data: 

A =
UH KS

V
⋅

 [µPa] (D1) 

Where: 
A  is the amplitude of the sample [µPa] 
V   is the output voltage from the ADC [mV] 

UK  is the system gain66 

HS  is the sensitivity of the hydrophone @ 1 kHz [mV/µPa].  
 
2. To calculate energy and power spectral density estimates: 

 
For a digitized pressure time series: 

)( tip ∆    ,   i = 0, M-1 [µPa] (D2) 

Where: 
M is the number of samples 
T is the length of the time series (seconds) 

t∆  is the sample interval (seconds) 
 

A. Calculation of the energy spectral density within the analysis window T: 

 22 )(2)( fkPtfkE FFT ∆∆=∆  [(µPa/Hz)2] or [µPa2⋅s/Hz]67 (D3) 

Where: 

tM
f

∆
=∆

1  is the frequency step (Hz)68 

                                            
65 All programs for normalizing, correcting and averaging temporal and spectral data were tested.  These tests 
used calibrated broadband and tonal signals transmitted from the hydrophone input to the output of the 
frequency discriminator of the radio-receiver, as well as the point where data from the ADT is input to the PC. 
66 Because the instrument responses and calibrations are estimated in the frequency domain the correction of 
the data to absolute spectral values is normally performed in the frequency domain after the power spectra 
have been computed. 
67 The FFT is a 1-sided FFT  (k = 0, ... , M/2) 
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The FFT algorithm should be tested to ensure it satisfies Parsevals theorem: 
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In order to satisfy Parsevals theorem there must be compensation by f∆ otherwise 

the energies will not sum properly.  In this way if the FFT is presented with a time 

window different than 1 second it will compensate for the window length69. 

 

B. Calculation of the power spectral density (energy normalized to a 1 second window): 

 )(1)( fkE
T

fkG ∆=∆  [µPa2/(s Hz)] or [µPa2] (D5) 

C. Conversion of the spectra to a logarithmic scale: 

 ))((20210)( fkPtLogLogfkE FFTdB ∆∆+=∆  [dB re 1 µPa/Hz]70 (D6) 

 LogTfkEfkG dBdB 10)()( −∆=∆  [dB re 1 µPa2/(s Hz)]71 (D7) 

D. Calculating average energy and power spectral density estimates over a window of 

length NT seconds by averaging spectra computed in consecutive non-overlapping 

windows of length T:  
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68 In practice, the number of samples input to the FFT are 16384 for the 20 kHz sample rate and 32768 for the 
30 kHz sample rate. 
69 For this calculation it is required that the FFT is scaled so that the output of a unit spike is unity at all 

frequencies.  The scalar 
))((

1
tFFT

S
δ

=  should be applied to ensure correct scaling of the FFT. 

70 The window over which the energy estimate is calculated should be defined. 
71 The -10 logT correction allows power spectral density estimates to be calculated over longer windows for 
statistical stability. 
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Although the units for power spectral density are µPa2/(s Hz), µPa2/s/Hz or µPa2, it is 

common usage to define the units for power spectral density as µPa2/Hz οr µPa/√Hz. 

 

Analyzing Transmission Loss (TL) data 

The main objective of the TL studies was to find the TL along defined acoustic profiles.  

Thus allowing a better determination of the acoustic propagation in the study area and a 

calibration of the acoustic models. 

 

The TL determined in the experiments was the decrease in the Intensity of acoustic 

pressure measured between the AUAR location and a reference value.  The reference 

value used in these studies was the Intensity measured at 1 m from the transducer72.  The 

TL values are expressed in decibels and are determined using Equation (D11): 

 ( ) ( )
mI
rIrTL

1

10log=  (D11) 

Where: 
I(r) is the Intensity at a distance r from the transducer 
I1m is the Intensity at a distance of 1 m from the transducer 

 

For TL analysis using noise signals generated by sources whose dimensions greatly exceed 

the wavelength of the acoustic energy a near field approximation is used.  The measured 

level is back calculated to the value at 1 m assuming spherical spreading.  Using Equation 

(D12). 

 ( ) 111 20 rrTLTL m log+=  (D12) 

Where: 
r1 is the distance from the measurement point 1 m. 

                                            
72 Measurement of the acoustic field at 1 m from the transducer can present some experimental difficulties.  
These are discussed in greater detail in section 3.4.4. 
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APPENDIX E - DAILY SONOGRAMS FOR AUAR DATA 

  August 
Station # 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Orlan 3       
Arkutun-Dagi 4       
Piltun-S 5                

Piltun 6       
PA-B-10 7       
PA-B-20 8                

Odoptu-S-10 10                

Odoptu-S-20 11          
Piltun-1 A4          
Piltun-2 A5                

Piltun-3 A6                

PA-B-1 A7       
PA-B-2 A8        

 

  August  
Station # 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 
Orlan 3                
Arkutun-Dagi 4       
Piltun-S 5                

Piltun 6              

PA-B-10 7               

PA-B-20 8                

Odoptu-S-10 10                

Odoptu-S-20 11               

Piltun-1 A4                
Piltun-2 A5             
Piltun-3 A6                

PA-B-1 A7                

PA-B-2 A8               
 

  1-1000 Hz linear frequency scale and 10 Hz to 10 kHz logarithmic frequency scale. 
  1-1000 Hz linear frequency scale and 10 Hz to 15 kHz logarithmic frequency scale.
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  September 
Station # 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Orlan 3                
Arkutun-Dagi 4         
Piltun-S 5                

Piltun 6                

PA-B-10 7                

PA-B-20 8       
Odoptu-S-10 10            
Odoptu-S-20 11                

Piltun-1 A4                
Piltun-2 A5            

Piltun-3 A6                

PA-B-1 A7                

PA-B-2 A8                
 

  September  
Station # 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 
Orlan 3        
Arkutun-Dagi 4                

Piltun-S 5              

Piltun 6               

PA-B-10 7         
PA-B-20 8                

Odoptu-S-10 10       
Odoptu-S-20 11                

Piltun-1 A4                
Piltun-2 A5              

Piltun-3 A6                

PA-B-1 A7                

PA-B-2 A8                
 

  1-1000 Hz linear frequency scale and 10 Hz to 10 kHz logarithmic frequency scale. 
  1-1000 Hz linear frequency scale and 10 Hz to 15 kHz logarithmic frequency scale. 


