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Measure the transmitting response of the source with 
a known reference hydrophone

|𝑆| =
𝑑𝑅|𝑍𝑃𝑅|

|𝑀𝑅|

Comparison: IEC 60565-1 (2020) 9.5, Projector calibration using a calibrated 
hydrophone
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Measure the sensitivity of the unknown hydrophone 
with the known source

|𝑀𝐻| =
𝑑𝐻|𝑍𝑃𝐻|

|𝑆|

Comparison: IEC 60565-1 (2020) 9.5, Hydrophone calibration using a calibrated 
projector
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?

Correct for surface interference

Comparison: IEC 60565-1 (2020) 9.5, Hydrophone calibration using a calibrated 
projector

|𝑀𝐻| =
𝑑𝐻|𝑍𝑃𝐻|

|𝑆|
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?

Separate direct from multipath and reflected arrivals

Comparison: IEC 60565-1 (2020) 9.5, Hydrophone calibration using a calibrated 
projector

|𝑀𝐻| =
𝑑𝐻|𝑍𝑃𝐻|

|𝑆|
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?

Harben and Rodgers, “Calibration of Hydrophone Stations: Lessons Learned From The Ascension Island 
Experiment,” 2000.
Crocker et al., “Geoacoustic inversion of ship radiated noise in shallow water using data from a single 
hydrophone,” 2014.

Comparison: IEC 60565-1 (2020) 9.5, Hydrophone calibration using a calibrated 
projector
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Co-located hydrophones are exposed to the same acoustic 
pressure. Using ambient noise in the ocean, a reference 
hydrophone near the unknown hydrophone could be used 
for in-situ calibration. How close is close enough?

|𝑀𝐻| =
𝑈𝐻

𝑈𝑅
|𝑀𝑅|

Ratio of voltages

Comparison: IEC 60565-2 (2019) 8.5, 10.4 Relative calibration
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P. Harris et al., “Study of the in-situ calibration of hydroacoustic sensors,” NPL Report AC 24, National 
Physical Laboratory, Teddington, UK, Dec. 2023.
S. Crocker and R. Smalley, “System and Method for the Calibration of a Hydrophone Line Array in a Quasi-
Diffuse Ambient Sound Field” U.S. Patent 11,209,571, Dec. 28, 2021. 

Comparison: IEC 60565-2 (2019) 8.5, 10.4 Relative calibration
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Calibrate hydrophone in the 
laboratory

Reciprocity, in situ: IEC 60565-1 (2020) 8, with empirical reciprocity parameter J
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J =
M2

Z3

Build reciprocal assembly with 
calibrated hydrophone. Upon 
deployment, perform reciprocity 
calibration with known 𝑀, solve for 
𝐽.

Calibrate hydrophone in the 
laboratory

Reciprocity, in situ: IEC 60565-1 (2020) 8, with empirical reciprocity parameter J
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J =
M2

Z3

Future reciprocity 
calibrations solve for 𝑀 
from previously measured 𝐽.

M = 𝐽𝑍3

Build reciprocal assembly with 
calibrated hydrophone. Upon 
deployment, perform reciprocity 
calibration with known 𝑀, solve for 
𝐽.

Calibrate hydrophone in the 
laboratory

Reciprocity, in situ: IEC 60565-1 (2020) 8, with empirical reciprocity parameter J
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IEC 60565 uncertainty sources made more difficult: 
separation distance measurement, transmission loss, isolating direct path signals

New sources of uncertainty, characterizable through statistics:
How close must the unknown and reference hydrophone be? What if an array 

of references are used?

Design and characterization of a new device:
How stable are the in-situ boundary conditions and what transducers could 

support such a calibration?

Additional Uncertainty
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Backup
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For stable and precise data 
above 10 Hz, sensitivity 
reduction of 0.28 dB and 
.37 dB compared to 
ambient pressure  

Mean sensitivity change from ambient to pressure at depth from calibrations of 
seven IMS Hydrophones in 2016
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Sensitivity Change With Temperature For a population of USRD Type H48, H52, and 
H56 hydrophones

0.25 dB to 0.35 dB increase in 
sensitivity between 20°C to 3°C at 
frequencies above the 
preamplifier roll off regions.
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