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Copyright

All rights reserved. No part of this manual may be reproduced or transmitted, in any form or
by any means, whether electronic, printed manual or otherwise, including but not limited to
photocopying, recording or information storage and retrieval systems, for any purpose

without prior written permission of Exail.

Disclaimer

Exail specifically disclaims all warranties, either expressed or implied, included but not
limited to implied warranties of merchantability and fitness for a particular purpose with
respect to this product and documentation. Exail reserves the right to revise or make
changes or improvments to this product or documentation at any time without notify any
person of such revision or improvments.

In no event shall Exail be liable for any consequential or incidental damages, including but
not limited to loss of business profits or any commercial damages, arising out of the use of

this product.
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1 Object

This document is an Application Note for the INS generation IIl and OCTANS generation V

family. It describes how to use an Exail AHRS or INS for seabed mapping compensation.

Do not hesitate to contact Exail technical support for further information:
support@exail.com.
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2 Version Restrictions

This document is valid from:

The following firmware versions:
o For the INS family: DSP 2.03 and CINT 4.55
e For the OCTANS family: DSP4_INS_ALIX_6_10_0 and CINT 4.10

The following Web-based User Interface version: Web INS 2.19K-1.35 and Web
OCTANS 5.53-1.99

The QNX version 2.10

MU-HEAVAPN-AN-001-I May 2023 6
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3 Using Heave Compensation on Seabed Mapping

3.1 Heave Definition

3.1.1 GLOBAL DEFINITION

Heave measurement is used (in AHRS and INS) to compensate for vertical movement due
to sea waves in multibeam or sonar seabed mapping. Heave filter is designed to measure
periodic movement of a surface vessel related to the average sea level. So, heave should

not be used in subsea application to monitor tow fish.

3.1.2 HeaveE COMPOSITION

On a specific monitoring point, heave is made of three components (see simplified 2D

schematic below):

Z
A
XVg M XVQ
AHRS / INS '
: Heave g ns m
S\ '
3= |
I
; I
i I
21 Heaveis_cos ins =/
g, | [+7] I
cO Roll 3 : % :
| I
= [ - ' L
bATH * : : Y
Heavecos : :
' . ’

Mean Sea Level (MSL) — Heave=0.0

Figure 1 - Heave composition

Heave,,; seen by the center of gravity (COG) of the vessel. Heave,, exactly
corresponds to vertical movement due to waves.

Heave_indCOGi,NS , induced heave due to lever arm between COG and the (AHRS,
INS) unit and vessel attitude (roll and pitch). It corresponds to the projection on the
vertical axis of the lever arm between COG and the unit (Heave _ind ., jys is null
when vessel roll and pitch are null).

Heave_ind,NsiM , induced heave due to lever arm between the unit and the monitoring

point and vessel attitude (roll and pitch). It corresponds to the projection on the vertical

axis of the lever arm between the wunit and the monitoring point

(Heave _ind ;5 ,, is null when vessel roll and pitch are null).
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3.2 Measured Heave

3.2.1 GENERAL CASE

In the general case:

Heave,, = (Heave_,; + Heave _ind cog s + Heave _ ind NS M ) FiLTERED

Heave measured on a specific monitoring point M is the addition of:
The Heave measured and filtered by the unit (Heave ., + Heave _ind o5 ins) pipreren
The Heave induced by lever arms from the unit to the external monitor point M

(Heave _ind INS M ) FiLTERED

3.2.2 USING VESSEL CENTER OF GRAVITY

To avoid the effect of vessel transient movement on heave measurement, induced heave
Heave _ind ,; ;v should not be filtered (like Heave _ind s ). It is possible in two
different cases:

Place the unit as close as possible to the COG. In this case Heave _ind o, 5 =0.

Indicate the COG position by entering lever arms between the unit (AHRS/INS) and the

COG of the vessel. In this case, the unit will compute heave at the COG.

Heave,, = (Heave y:) 1 rerep

MU-HEAVAPN-AN-001-I May 2023 8
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The figure below is an extract of the Web-based User Interface (Mechanical Parameters)
used to set up the lever arms between the INS and the vessel center of gravity:

¥ Vessel Center Of Gravity (Heave computation) -

view axes definition
1
‘ 3
X ]
.
|

2 ——— X
(A% ] L2 V3
2 0 2
m m m

Figure 2 - Vessel Center of Gravity entering point
Important

When the COG is specified, the primary lever arm is forced to COG location to make sure

all induced heave part is removed from the filter

3.2.3 CONCLUSION

In all cases, the aim is to suppress the effect of vessel transient movement (roll and pitch)

on heave measurement output and what we call “heave” is the addition of;
Heave due to waves

Elevation due to vessel attitude

To have more information on the effects of vessel transient movements, see section 4.

MU-HEAVAPN-AN-001-I May 2023 9
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3.5 Heave Filters

AHRS and INS can output two distinct heave measurements:
Real Time Heave

Smart Heave ™

3.3.1 REAL TIME HEAVE

Real Time Heave provides heave in real time mode.

3.3.2 SMART HEAVE™

Smart Heave™ provides a measurement of heave with a 100s fix delay and offers a
precision on heave measurement largely greater than Real Time Heave one. You can use
Smart Heave™ to replay the multibeam data in case the Real Time Heave is not good
enough.

Smart Heave is available through protocols which output heave.

MU-HEAVAPN-AN-001-I May 2023 10



eail

Installation and Configuration for Seabed Mapping Measurements — Application Note

3.4 Typical Multibeam Set up with OCTANS

In this configuration an AHRS is used and hence heave is sent to the multibeam to

compensate for vertical movements of the ship.

4. Navigation package

1.GPS
PPS pulse
. ® ®
x HRP, heave
. o —> |
GPS position, speed
& UTC Time Raw & real time
Seabed data
» ' HRP, heave -
R s ;}//
2. OCTANS 3. Multibeam

echosounder

N OCTANS configuration and repeater link

5. PC with Exail Web-based User Interface

. GPS is used to synchronize the time of the AHRS by sending ZDA telegram and PPS

pulse. AHRS will also use the position of the GGA string to update the initial startup
latitude. It is recommended to also send speed data (i.e., VTG telegram) to compensate

for “north speed” error on heading. Any quality GPS can be used here.

. AHRS: Data links can be managed through serial or Ethernet. The AHRS is time-

synchronized with the GPS time (ZDA+PPS). The unit can send real time heave or
delayed heave (Smart Heave™) if the multibeam can support it. Delayed heave can also
be sent and stored by the navigation package for data replay for possible further
enhancement.

Multibeam echo sounder: this equipment is time-synchronized with the GPS time
(ZDA+PPS). It receives heading, roll, pitch and heave from the AHRS. It sends real time

and raw data to the Navigation software package.

The Navigation package displays real time bathymetry and can replay data since it does

log all data from AHRS, GPS, and multibeam echo sounder.

Web-based User Interface installed on a PC is used both to configure the AHRS as a

data repeater.
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3.5 Typical Multibeam Set up with Hydrins

In

this configuration a Hydrins is used and hence heave is sent to the multibeam to

compensate for vertical movements of the ship.

4. Navigation package

1.GPS
PPS pulse
, ’ "“""’?, * HRP, position, heave "l
¢
GPS position
& UTC Time Raw & real time
Seabed data
= —>
s HRP, heave -
AR 5
2. INS 3. Multibeam

echosounder

5. PC with Exail Web-based User Interface

. GPS is used to synchronize the time of the INS by sending ZDA telegram and PPS

pulse. INS will use the position of the GGA string to navigate. Any quality GPS can be
used here.

INS: Data links can be managed through serial or Ethernet. The INS is time-
synchronized with the GPS time (ZDA+PPS). The unit can send real time heave or
delayed heave (Smart Heave™) if the multibeam can support it. Delayed heave can also
be sent and stored by the navigation package for data replay for possible further
enhancement.

Multibeam echo sounder: this equipment is time-synchronized with the GPS time
(ZDA+PPS). It receives heading, roll, pitch and heave from the INS. It sends real time

and raw data to the Navigation software package.

The Navigation package displays real time bathymetry and can replay data since it does

log all data from INS, GPS, and multibeam echo sounder.

Web-based User Interface installed on a PC is used both to configure the INS as a data

repeater.
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3.6 Time Stamping of the Data

If the INS or AHRS is time-synchronized with the UTC time of the GPS then all data coming
out of the INS or AHRS is time stamped (depending on the choice of the output message).
If not, data is time tagged at the time of reception by the navigation package data logger. In

this case the following latencies should be accounted for:

Specification() Value

Time stamping accuracy = < 100 ys

< 200 ps on all serial ports
Jitter < 400 us on Ethernet high priority port
< 800 us on all other Ethernet ports

2.35 ms on all serial ports
Fixed latency 2.95 ms on Ethernet high priority port ()

< 5 ms on all other Ethernet ports

() Valid for Firmware version starting from FrmWCINT v3.80.
(") Highest priority port is defined by the highest output data rate and first in alphabetical
order.

3.7 Location of the Heave Measurement Unit

As described in section 2, you should place the unit as close as possible to the center of
gravity of the vessel or compensate for lever arms between the unit and the COG. This will
considerably reduce heave measurement errors due to vessel attitude, especially when

turning.

3.8 Lever Arms and Alignment to Vessel Frame

The AHRS should be aligned to the vessel frame since the lever arms are measured in the
vessel reference frame centered at the location of the AHRS. If not, this can induce an error

in the lever arm taken into account by the AHRS.

MU-HEAVAPN-AN-001-I May 2023 13
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3.9 Example of A Multibeam Picture Produced Using
Attitude and Smart Heave™ Data

3.9.1 ExampLE1

The equipment used here was the following:
= EXAIL PHINS generation IlI

=~ Reson PDS2000 multibeam

> |IFREMER Techsas navigation package

The swell amplitude (p-p) was 0.5 m and swell period 7 seconds.

— 149,77 melres

—172.14 meires

Figure 3 - Multibeam picture using Smart Heave™
(Courtesy of IFREMER, France)

MU-HEAVAPN-AN-001-I May 2023 14
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3.9.2 EXAMPLE 2

MAE 11,8,

Mag 1.4,

The equipment used here was the following:
EXAIL PHINS generation i
Kongsberg EM 302 (30 kHz) multibeam
IFREMER Techsas navigation package

The swell amplitude (p-p) was 7 m and swell period 15 seconds
heave - 15/07/10 - 05:12

Bl e e i P | ——RT heave
: : . : —— smart heave |

smart- RT |:
—bathy error

heave(m)
(=]

-3+

I 1 I l l I 1 1 I
1.872 1.874 1.876 1.878 1.88 1.882 1.884 1.886 1.888 1.89
time (s) x10*

Figure 4 — Heave measurement

W4 59,4, Wa 59.2, Wil 50, W4 58,8,
R i O T A S O T I e T

MAg 11,6,

Mg 11,4,

W4 59,4, W4 59,2, W4 5O, W4 BA.8, — 86,00 metres

Figure 5 — Multibeam picture using Smart Heave™

MU-HEAVAPN-AN-001-I May 2023

- — 82,00 melres

Installation and Configuration for Seabed Mapping Measurements — Application Note

15



[
e (q I I Installation and Configuration for Seabed Mapping Measurements — Application Note

4 Effect of Vessel Transient Movements

4.1 Description of Transient Heave Observations

The aim of this part is to show the effect of vessel transient movement (roll and pitch) on
heave measurement and the importance of placing unit as close as possible to the vessel
COG or indicating to the unit the position of the COG (next part).

Indeed, the unit cannot distinguish Heave ,; from Heave_indCOGi,NS and both

components are filtered through heave high-pass filters. During turns, roll and pitch change
and induce filter impulse response.

As an example: a vessel on a glassy sea (Heave,; =0) for which roll goes up from 0 to

10° in 10 s and an unit placed at 10 m of the COG along the XV2 axis.

Heave (m)
o

1] 50 100 150 200 250 300 350 400 450 500 550 @00
Time (s)

— Unit vertical movement due to roll — Real Time Heave None

Figure 6 - Real time heave filter response with roll transition due to turn

In this case, heave filter output does not correspond to the real vertical movement of the
unit. On top of that, the filter output is not null (so heave not valid) while the filter adjusts
itself and settles back. Settling time can be quite long (up to 300 s for real time heave).

4.2 | ocation of the Heave Measurement Unit

4.2.1 PLACING THE UNIT AT THE COG OF THE VESSEL

The first and easiest fix to avoid the effect of vessel movement on heave is to place the unit

as close as possible to the COG of the vessel. In this case Heave _ind -y, ;s is null.

Heave , is the addition of:

Heave_,; seen by the unit

Heave_ind,NsiM that is the projection of the lever arm between the unit and the

monitoring point on the vertical (using roll and pitch)

MU-HEAVAPN-AN-001-I May 2023 16
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4.2.2 USING COG POSITION

The second solution to avoid the effect of vessel transient movement is to indicate the COG
position by entering levers arms between the unit (AHRS/INS) and the COG of the vessel.

In this case, the unit will compute and output heave at the COG of the vessel as shown in

figure below:
Acceleration Acceleration Heave
data at unit AccaratiEng data at COG P at COG
- eave
— | from unit to - Filter e
COG

Figure 7 - Principle of heave computation at the COG

So, Heave,, is the Heave_,, computed by the unit from accelerations at unit level and

levers arms between the unit and the COG.

}
L

Heave (i

o 50 100 150 200 250 300 250 @00 S50 500 550 0]
Time (5)

Uit varbical mavemant dus b ro Baal Time Hagva Mona

Figure 8 - Real time heave filter response with roll transition and use of COG

In this case, the heave filter output is zero because the vertical movement of the unit is only

caused by roll. It demonstrates that using the COG is the best way to reduce the error
caused by roll and pitch.

MU-HEAVAPN-AN-001-I May 2023 17
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4.3 lllustration Example

The figure below shows theoretical heave measurement to illustrate previous explanations,
based on a vessel on a sea with regular swell and roll transition. We observe a settling time
on Heavew after the roll transiant:

A Turn

I
™
I
I
I
I

wmwmmwmwm

Roll

Heave indcog w

I
I
I
I
I
¥
I
I
[
[
I
k
I
I
I

I I IS
Hoaven %%WW%N W A Hbﬁl A ﬁﬂaj

Figure 9 - Heave measurement illustration

4.4 Impact of COG Lever Arms Accuracy

In any case, if the unit is not located at the COG, indicating COG lever arms will always
reduce heave output errors due to vessel transient movement, no matter the precision of
the COG levers arms is.

If the COG levers arms are entered with a precision of NN% (20% for example), output
errors induced by the vessel transient movement will be reduced of 100-NN% (80% for

example).

4.5 How to Obtain Heavecos?

To measure Heave,; , you can:

Place the unit at the COG.

If the unit is not located at the COG, you should enter the same lever arms between the
unit and the monitoring point than between the unit and the COG. In this case, the

monitoring point corresponds to the COG.
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5 Using Absolute Altitude Compensation for Seabed
Mapping

5.1 Typical Multibeam Set up with an INS

In this setup, absolute altitude is used instead of heave to compensate for vertical
movements of the ship.

4. Navigation package

1.GPS
PPS pulse
sy, O > |
\‘yﬁ T HRP, X,Y,Z -~
' *—> |
GPS Position
& UTC Time

Raw & real time
Seabed mapping
data

>
S —

HRP, X.Y.Z, VX Vy.VZ

N

5.
s

N
=
&

3. Multibeam echo
sounder

=l

ZH INS Configuration link
5. PC with Exail Web-based user interface

1. A precise GPS posiiton is requested here. This is achievable using RTK (mode 4) or
Augmented DGPS (Veripos, Starfix). Following telegrams will be sent to the INS: GGA
(position), GST (SD on position), ZDA (UTC time). PPS pulse is distributed to all
equipment for time synchronization.

2. INS: HYDRINS or PHINS. Data links can be managed through serial or Ethernet. INS is
time synchronized with GPS time (ZDA+PPS). INS post processing data can be logged
on a PC for further APPS post processing. Altitude mode should be set to “HYDRO
altitude”. INS has the ability to also send speed data to a multibeam echo sounder. This
is a key feature for use with the latest multibeam system that can use speed, for Doppler

shift compensation.
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3. Multibeam echo sounder equipment is time-synchronized with GPS time (ZDA+PPS).
It receives heading, roll and pitch data from the INS. Position is also sent for
geo-referencing of the seabed mapping data. Absolute altitude is also sent to
compensate for the vessel movements. Real time and raw data are sent to the

Navigation package.

4. The Navigation package displays real time bathymetry and can be used to replay data
since it logs all data from INS, GPS, and multibeam echo sounder. When replaying data,
realtime INS navigation data can be replaced by APPS postprocessed and optimized
navigation data.

5. Web-based User Interface installed on a PC is both used to configure the INS and as a

data repeater.

5.2 Location of the Heave Measurement Unit

Here since we use absolute height from the INS there are no issues regarding transient
heave so the unit can be located anywhere on the ship. Preferably in a temperature
controlled room free from any heavy vibrations.

2.3 Lever Arms and Alignment to Vessel Frame

The INS should be aligned to the vessel frame since lever arms are measured in the vessel
reference frame centered at the location of the INS. If not, this can induce an error in the
lever arm taken into account by the INS.

Lever arms values must be entered into the system. The lever arms are a point coordinates
expressed in the INS reference frame.

There are two types of lever arms:

An external point from the INS where the user wants data calculated. Lever arms affect
the following physical parameters:

e Acceleration

e Speed

« Heave, Surge, Sway

« Position

Rotation rate, Heading, Roll, Pitch are not affected by lever arms.

Sensor lever arms. The INS needs to know the position of the external aiding sensor
(i.e., GPS, DVL, DEPTH SENSOR) in its reference frame.

MU-HEAVAPN-AN-001-I May 2023 20
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The error on GPS lever arms can create an error on absolute position calculated by the INS.
A rule of the thumb is that the lever arm accuracy should be 1/10 of the required absolute
accuracy. If lever arms are not sufficiently accurate with respect to GPS accuracy the INS
can reject the GPS when the ship is performing accelerations or turns, which even more

degrades the INS accuracy.

A minimum SD value of 3cm is automatically used in the algotihm to compensate for the
lever arm imprecision. As a consequence, it is always recommended to use GST telegram
to set the SD of the position and altitude computed by the GNSS receiver (the millimeter
values will be replaced by a 3cm SD). Note that if necessary, the realtime SD values can

be modified with APPS in postprocessing, as well as the GPS lever arm.
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5.4 Example of a Multibeam Picture Produced Using

Exail INS Attitude and Height Data

The following multibeam picture was obtained using the following equipment:

EXAIL HYDRINS generation IlI
R2Sonic 2022 multibeam

QPS QINSy navigation package
Trimble GPS 5700 in RTK mode

This area is in a city with GPS masking due to buildings with a bridge masking in a curve.

This zone is on Oise River at Pont Saint Maxence (60), France, in shallow water (a few
meters).

031y 1 t071-850.9rd - Sounding Grid Uit

PEOzHSS Xx2E ST QD RBSW
7|0 oL it
[survEvDATA, =] tcive

=

ST

[Heonvlae

= I 4 ‘Ib\p

N

N7 RE
DNEEmEE B &)

i)

.%

‘
y Z
2 /W/

m@///
§§§%%%%

v
: / ///V///

@@ >l<PHRIK 2

Figure 10 - Multibeam survey using EXAIL INS
(Courtesy of VNF, France)
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6 Surge and Sway

6.1 Definition

6.1.1

6.1.2

SURGE

Sway

The surge is similar to the heave and is the forward position of the vessel referenced to the

mean position. The surge is the addition of:
surge due to forward movement (filtered by the unit)

surge due to vessel attitude (induced by lever arms)

The sway is similar to the heave and is the starboard position of the vessel referenced to

the mean position. The sway is the addition of:
sway due to starboard movement (filtered by the unit)

sway due to vessel attitude (induced by lever arms)

6.2 Surge and Sway Filters

AHRS and INS only provide surge and sway measurement in real time. Filtering method
used for surge and sway measurement (high pass filtering) is different from the one used
for heave (adaptation of an altitude filter centered on mean sea level).

Note that Surge and Sway filters should not to be used to monitor slow movements with
periods higher than 20s.

6.3 Using the Center of Gravity

The description of heave measurement (see section 3) is also applicable for surge and sway
measurements. Indeed, the vessel transient movements have effect on surge and sway
measurements and the recommendations given for heave (place the unit as close as
possible to the COG of the vessel or indicate the COG position) are also valid for surge and

sway.
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Exail CONTACT - SUPPORT

For non-URGENT support:

by email: support@exail.com

using the form on the iXblue web site: www.ixblue.com

For 24/7 URGENT SUPPORT:

North America/ NORAM

+1 617 861 4589

Europe Middle-East Africa Latin-America / EMEA-LATAM
+33 1 30 08 98 98

Asia Pacific / APAC
+65 6747 7027

Exail CONTACT - SALES

North America/ NORAM

+1 508 975 4640
Exail Defense Systems Inc.
11 Erie Drive, Natick, MA 01760, USA

+1 800 727 2828
Exail Inc.
1001 Bannock St., Suite 108, Denver, CO 80204, USA

Europe Middle-East Africa Latin-America / EMEA-LATAM

+33 1 30 08 88 88
Exail SAS France
34, rue de la Croix de Fer, CS 70121, 78100 Saint-Germain-En-Laye Cedex, France

Asia Pacific /| APAC

+65 6747 4912
Exail Pte Limited Singapore
15A Changi Business Park Central 1 Eightrium #04-02 Singapore 486035

MU-HEAVAPN-AN-001-I May 2023 24



	Installation and Configuration for Seabed Mapping Measurements - Application Note
	1 Object
	2 Version Restrictions
	3 Using Heave Compensation on Seabed Mapping
	3.1 Heave Definition
	3.1.1 Global Definition
	3.1.2 Heave Composition

	3.2 Measured Heave
	3.2.1 General Case
	3.2.2 Using Vessel Center Of Gravity
	3.2.3 Conclusion

	3.3 Heave Filters
	3.3.1 Real Time Heave
	3.3.2 Smart HeaveTM

	3.4 Typical Multibeam Set up with OCTANS
	3.5 Typical Multibeam Set up with Hydrins
	3.6 Time Stamping of the Data
	3.7 Location of the Heave Measurement Unit
	3.8 Lever Arms and Alignment to Vessel Frame
	3.9 Example of A Multibeam Picture Produced Using Attitude and Smart HeaveTM Data
	3.9.1 Example 1
	3.9.2 Example 2


	4 Effect of Vessel Transient Movements
	4.1 Description of Transient Heave Observations
	4.2 Location of the Heave Measurement Unit
	4.2.1 Placing the Unit at the COG of the Vessel
	4.2.2 Using COG Position

	4.3 Illustration Example
	4.4 Impact of COG Lever Arms Accuracy
	4.5 How to Obtain HeaveCOG?

	5 Using Absolute Altitude Compensation for Seabed Mapping
	5.1 Typical Multibeam Set up with an INS
	5.2 Location of the Heave Measurement Unit
	5.3 Lever Arms and Alignment to Vessel Frame
	5.4 Example of a Multibeam Picture Produced Using Exail INS Attitude and Height Data

	6 Surge and Sway
	6.1 Definition
	6.1.1 Surge
	6.1.2 Sway

	6.2 Surge and Sway Filters
	6.3 Using the Center of Gravity

	Exail CONTACT - SUPPORT
	Exail CONTACT - SALES

