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Seabed Image and Backscatter Calibration 

Seabed Image

ÁHigh resolution backscatter samples taken from the 
different beams

ÁGeo referenced (x,y,zlocation is known from the bottom 
detections)

ÁCompensated to show BS level in dB/m2

Á Incidence angle corrected

Ç Lamberts law

Ç Normal incidence (BSn/ Bso)

Seabed Image
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Seabed Image and Backscatter Calibration 

ω ¢ǊŀƴǎƳƛǘǘŜǊ {ƻǳǊŎŜ [ŜǾŜƭ όŦǊŜǉǳŜƴŎȅΣ ŀƴƎƭŜύ 

ω wŜŎŜƛǾŜǊ ǎŜƴǎƛǘƛǾƛǘȅ όŦǊŜǉǳŜƴŎȅΣ ŀƴƎƭŜύ 

ω ¢ǊŀƴǎƳƛǘǘŜǊ ŀƴŘ ǊŜŎŜƛǾŜǊ ōŜŀƳ ǇŀǘǘŜǊƴ 

ÁTVG    (40 logR- 10logA + 2 alphaR)

o Spherical spreading

o Ensonifiedarea (A) 

Å RX and TX Beamwidths

Å Transmit pulse length and bandwidth 

o Frequency dependent absorption (Alpha)

ω ±ŜǎǎŜƭ ŀǘǘƛǘǳŘŜ 

The KM Multibeam models produces compensated backscatter data. The 
data samples are adjusted for mode dependent system parameters, like 

4

Transmitter across beam patterns example (deep 
water model), based on tank measurements
Many sectors and frequencies
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Seabed Image and Backscatter Calibration 
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From experience we know that the 
measured backscatter level is also 
influenced by the actual transducer 
installation on the vessel. 

Other factors that can change the 
backscatter level is for example marine 
growth. 

To get optimum backscatter level, a 
calibration at sea should be performed. 
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Seabed Image and Backscatter Calibration 
BS corrections overview
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TX pattern

RX pattern

Abs. coef.

Attitude

High Voltage level

TX/RX Array size
Apply BS corrections

Build datagram

Calibration table

X,Y,Z from bottom detection
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Seabed Image and Backscatter Calibration 

ÁTo increase maximum range and to reduce multipath the KM multibeams have many transmit 
sectors with individual frequencies (up to 16 in deep water systems)

ÁThe EM may have several transducer units/modules (up to 96 TX modules at deep water)

ÁThis makes BS correction more complicated

ÁThe BS level may vary slightly from sector to sector, from mode  to mode and also within a sector.

ÁWe have observed that the transducer installation on the vessel has influence on the measured BS 
level

ÁTo get optimum backscatter (BS) values, the Kongsberg Multibeam Echosounder(EM) should be 
calibrated for the actual installation

Why do BS calibration?
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Seabed Image and Backscatter Calibration 
Why do BS calibration?
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Before BS 
correction

After
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Seabed Image and Backscatter Calibration 

BS calibration of a multibeam is a challenge

ÁAbsolute calibration of a multibeam at sea is not easy. 

ÁData from a calibrated single beam Echosoundercan be used as a reference, as shown by Ifremer. 
The KM Scientific single beam echo sounders have split beam phase information in both the along 
and across direction. This makes it possible to calibrate by use of a sphere with known TS

ÁAnother alternative is to calibrate at a reference bottom with a known BS level.

ÁBS Normalization can be done by running survey lines on a test area 

ÁAt the same location the bottom BS may vary over time (summer/winter etc.)

ÁBS level is (more or less) frequency dependent

ÁBS may in special cases depend on ships heading

BS calibration is a challenge

9



KONGSBERG PROPRIETARY  - See Statement of Proprietary informationWORLD CLASS  ςThrough people, technology and dedication

KM Backscatter Calibration Service

KM offers a service that can make BS correction files based on survey lines recorded by the actual 
multibeams echo sounder.

This KM service is available for all newer models

ÁEM 124, EM 304, EM 122, EM 302 

ÁEM 710, EM 712

ÁEM 2040 series
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KM Backscatter Calibration Service

ÁThis KM calibration tool (Matlab based) uses backscatter data from survey lines as input

ÁThe recorded data, roll corrected, is sorted into one degree bins (histogram) for each mode 
and swath (fan of RX beams).

ÁThe data must be recorded for the actual modes, single and dual swath.

ÁThe average BS of all lines included is used as the BS reference. Alternatively, the user may 
specify the bottom  BS level (for example using a reference area with known BS)

ÁData around normal incidence (+/-· ŘŜƎǊŜŜǎύ ŀƴŘ ƻƴ ǘƘŜ ŜŘƎŜǎ Ŏŀƴ ōŜ άǊŜƳƻǾŜŘέ ǿƘŜƴ 
calculating the average BS

KM calibration tool
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KM Backscatter Calibration Service

Select a proper survey area for collecting the calibration data

Å The area should have a homogeneous flat bottom with constant BS

Å The bottom type should  have a frequency independent BS within the EM bandwidth

Å The the angular response should ideally follow Lamberts law

Å The depth must be adequate for the selected mode(s)

Å The absorption profile must be known (make a CTD cast!) 

Procedure
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KM Backscatter Calibration Service

Å The absorption profile must be known (make a CTD cast!) 

A small error in Alpha may give large BS error

Example:

Correct Alpha is 5.3 dB, but Alpha used is 5.0 dB/km 

Range to bottomis 5 km

dBs= 2 dh r

dBs= 2 * 0.3 dB/km * 5 km = 3 dB

Procedure
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Alpha changing with depth for 6 frequencies:
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KM Backscatter Calibration Service

Echosoundersetup

ÁUse normal settings

ÁPitch stabilization should be on

ÁThe sector tracking (runtime parameter) must be set to off!

ÁA detailed procedure is available

Procedure

14



KONGSBERG PROPRIETARY  - See Statement of Proprietary informationWORLD CLASS  ςThrough people, technology and dedication

KM Backscatter Calibration Service

Run survey lines

Å Minimum two straight lines must be run (in opposite direction) for each mode. More lines, for 
example crossing lines, will improve the result. The turns should not be logged

Å The length of the lines should be around 2000 pings at shallow water

Å The weather should be calm

Å A slow vessel roll of a few degrees is preferable (to get some overlap for the TX sectors). 

Å A procedure for data acquisition is available 

Procedure
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KM Backscatter Calibration Service

Send files to KM

KM will

ÁDo a quality check on the received survey files 

ÁProduce a calibration file 

ÁOr make a tool for reprocessing of files

ÁSend the result to the customer

Procedure
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EM 304 example
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KM Backscatter Calibration Service

Installation of the calibration data from KM

ÁThe customer installs the file 

ÁThe EM is now ready for new survey lines

Or 

ÁUse the calibration tool (EM-BScorr) from KM to reprocess the survey lines

Procedure

17



KONGSBERG PROPRIETARY  - See Statement of Proprietary informationWORLD CLASS  ςThrough people, technology and dedication

Seabed Image and Backscatter Calibration 
BS corrections overview, KMALL format
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TX pattern

RX pattern

Abs coef/bm

Attitude

HV measured

TX/RX Array size

Apply BS 
corrections

Build MRZ 
datagram

Calibration table

MRZ datagram

TX loop:
SL, Effective pulse, CW/FM, 
{ƘŀǇŜ ƛƴ ҈Σ .ŀƴŘǿƛŘǘƘ Χ

RX loop:
Beam intensity data

Seabed Image samples
SL applied, 
M applied, 

BS calibration applied

With kmalldatagram format the BS corrections applied is better documented.
It is possible to remove the KM corrections without knowing KM internal algorithms
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Seabed Image and Backscatter Calibration 
BS corrections overview, KMALL format
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With kmalldatagram format the BS corrections applied is better documented.
It is possible to remove the KM corrections without knowing KM internal algorithms

Example showing RX and TX patterns applied for one swath with 800 soundings, using 6 TX beams: 

The pattern correction will vary from ping to ping  with ships attitude
The steps in the RX pattern is caused by frequency dependent RX sensitivity
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KM Backscatter Calibration Service
EMX Calibrator tool (used by KM)
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KM Backscatter Calibration Service
EMX Calibrator tool (used by KM)
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Calibration file example (only Shallow and Medium mode, dual swath # 2 shown here)

Degrees
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KM Backscatter Calibration Service
EM 2040 example, artifact caused by bad installation
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Replay with 
corrections added
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KM Backscatter Calibration Service
EM 2040 example
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