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Calibration Objective 
Generic Goal: 

- a comparison between measurements: one of known 
magnitude or correctness made or set with one device and 
another measurement made in as similar a way as 
possible with a second device. 

source: Wikipedia 
Acoustic instruments (e.g. echosounder): 

- compensate for differences between theoretical and 
empirical performance of an instrument.  Track instrument 
performance over time. 

Two data streams: single targets, ensemble backscatter 



Echosounder Calibration  
Prior to 1980’s major source of error  
Foote et al. (1987) Calibration of acoustic instruments for fish 
density estimation: a practical guide ICES CRR 144 
Demer et al. (2015) Calibration of acoustic instruments. ICES 
CRR 326 

3 Components: transmit, receive, system 

3 Methods: reciprocity, calibrated hydrophone, standard target   



Reciprocity 
- absolute method of calibration (Foldy and Primakoff 1945, 

1947) 
- based on electroacoustic reciprocity principle using 

physical quantities (voltage, impedance, frequency, range, 
temperature, pressure) 

- 3 possible components: projector (i.e. source), hydrophone 
(1 kHz to 500 kHz), transducer 

3 Methods:  
- 3 devices: ratio of the voltage across the terminals of the 
receiving device to the current driving the transmitting 
device.  
- 2 transducers: transmit over known distance 
- 1 transducer: single transducer and perfect reflector 

see MacLean (1940); Carstensen (1947)  



Reciprocity Calibration 
Projector 

Hydrophone 
Transducer 

Input known voltage 

VSH VST 

Input same voltage (VT) 

VTH 

ResponseH ≈ (VTH VSH/VST VT) 

Source 

Transducer: linear, passive, reversible 



Calibrated Hydrophone: transmit  
Source Level 



Calibrated Hydrophone: receive 
G1 



Laboratory Calibration Results 



Standard Target Method 
- ensure system output is constant relative to a standard 

target 
- measure transmit-receive sensitivity of system on axis 

and over main lobe 
- calibrate as system (i.e. platform, power supply, 

echosounder) is used in the field 

Operationally: on axis, map beam pattern 

Calibration components: sensitivity, directivity 



http://support.echoview.com/WebHelp/Reference/Algorithms/Echosounder/Simrad/EK
60_Power_to_Sv_and_TS.htm 

Gain go and Sacorr Values 

where Per is power, r is range, α is absorption coefficient, λ is 
wavelength, go is gain, cw is speed of sound in water, τ is pulse 
duration, ψ is the equivalent two way beam angle,  



Calibration Outcome 

Operationally: 
ER60/70/80 software: Update Sv gain and Sa correction values 
Echoview: Update .ecs file with new G0 and Sa correction values 



Sa Correction 
- integration value (i.e. correction factor) required to 

make the theoretical and measured Sv match. 
- accomplished by adjusting pulse length 

Sa correction = theoretical gain - system gain  
theor Sa/meas Sa = 1, if not then adjust Sa correction 

where P is power, τ is pulse length, nom is nominal 



Determining g0 and Sacorr Values 

 calc. TS gain =  
TSmeasured - TStheory 

2 
+ gold 

 calc. Sv gain =  
10log(Sameasured/ Satheory) 

2 
+ gold + Saold 

calc. Sa correction =  calc. Sv gain – calc. TS gain 

new g0 =  calc. Sv gain 
new Sa correction = calc. Sa correction 



Field Calibration Procedure 
- at start of each survey, recommended at end of survey 

- set up downriggers/stepper motors and place calibration 
sphere under transducers 

- on axis (~10 min) and swing (~40 min) for each pulse 
length (typically 0.512, 1.024 ms) for each frequency 

-  analyze data using LOBES program, within Echoview, 
and/or tabulate in Excel 



Calibration Setup 

- 2 point anchor 
- 3 down riggers/stepper motors 
- harness and calibration sphere 



Towbody Setup 

3 m 

Suspension Pole 

Stepper Motor 

Towbody 

~10 m 

Support Plate 



Distance to Calibration Sphere? 
minimum 2 x near field 

R = D2/λ = D2f/c  
where R = near field range, D = active transducer diameter, λ = wavelength, 

f = frequency, c = sound speed 

Transducer Freq. Wavelength Beamwidth Eff. radius Diameter Nearfield 2xNearfield 

model   

  kHz cm degrees cm cm m m 

12-16/60 12 12.42 16 22.9 45.8 1.7 3.4 

    

ES18 18 8.28 11 22.2 44.4 2.4 4.8 

    

38-7 38 3.92 7 16.5 33.0 2.8 5.6 

38-9 38 3.92 9 12.9 25.7 1.7 3.4 

ES38 B 38 3.92 7 16.5 33.0 2.8 5.6 

ES38-10 38 3.92 10 11.6 23.1 1.4 2.7 

ES38-12 38 3.92 12 9.6 19.3 0.9 1.9 

    

50-7 50 2.98 7 12.6 25.1 2.1 4.2 

    

ES70-11 70 2.13 11 5.7 11.4 0.6 1.2 

ES70-7C 70 2.13 7 9.0 17.9 1.5 3.0 

    

ES120-7C 120 1.24 7 5.2 10.5 0.9 1.8 

    

ES200-7C 200 0.75 7 3.1 6.3 0.5 1.1 

    

ES333-7C 333 0.45 7 1.9 3.8 0.3 0.6 



Calibration Sphere 
- Copper or Tungsten Carbide 
- known diameter, known material properties 

D. Chu & R. Thomas 



What Sound Speed to Use? 

Temperature (deg C) Salinity (psu) Sound speed (m/s) 

Calibration  
sphere 

transducer 

10.45 28.7 1483.8 

Average value between transducer and calibration sphere 



Effect of Temperature on Gain 

0.6 
dB 

9.8oC 

Bodholt 2002 

AFSC: Seattle - Alaska 



Lobes Output 120 kHz 

flood 
tide 



Simrad LOBES 
- software program to 

model gain and beam 
pattern 

- beam pattern 4th order 
polynomial 

- ongoing discussion of 
technique to estimate 
gains 



LOBES Conundrum 

Designed to estimate: gain, acoustic axis, beam width 

- locations based on phase (i.e. lag time) differences and 
parameter that converts electronic (i.e. phase) to 
mechanical angle 

*but* no independent measurement of angle against phase 

- phase is used to obtain target angles and to identify main 
lobe of beam 



Calibration Procedure Conundrum 
LOBES parameters results in compensated TS values for 
beam pattern 

- physical location may be incorrect but the TS will be 
correct because beam pattern is shifted 

2 Choices: 

- use LOBES calculations 

- calculate on axis gain and Sa correction values and 
beam angles from tank calibration 



FAR Lab Calibration Calculations 



ES-60 Triangle Wave 

see Ryan and Kloser 2004 



Transducer Stability 

Knudsen 2009 



Calibration Analysis Synopsis 

CTD 
Temperature 

Salinity 

Acoustic Data 

Echoview Lobes 

Excel 

Sound Speed 

Absorption 

Swing 

TS Gain 
Sa Correction 
Beam Angles 
Angle Offsets 

TS Gain 
Sa Correction 

On Axis 

Beam Angles 
Angle Offsets 

TS mean 
NASC 

Factory 
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