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Investigation of bathymetric artifacts
in deep-sea AUV Ulyx

How overcoming lost attitude data in post-processing led
to a new analytical approach to sounding position
computation
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AUV Ulyx

UIyX |n b”Ef Designed and built

in cooperation between
Ifremer and Exail

= @  dimensions: 4.5x1.0x0.8 m

mass: 2.7t
o off energy : 28 kWh (LI)
A 2Ho
o uy” o] speed : 0 — 3 kts
autonomy : 24h / 80km
= depth max : 6000m
uly” QJ i
operated since : 2020




AUV Ulyx

UlyX in brief High speed, large coverage, surveying

Seabed tracking and following
High precision hovering

2 longitudinal
steerable
thrusters

ROS-based controler

2 vertical

thrusters 2 battery pods

4 rudders reversible

water ballast

modular scientific sensor bay
138 dives ( as of 07/2025)
61 dives > 3000 m
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37 dives >4000 m




AUV Ulyx

U |yX N b”@f multi-scale + multi-sensor =» permanent payloads

Physico
chemical
CTD

turbidimeter Optic Acoustic
fluorimeter digital camera SAS : SAMS-150 Exail
magnetometer (x3) strobe lightning MBES : EM2040 Kongsberg
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AUV Ulyx

altitude : 50-70 m
pitch : £70°

surge speed : up to 1.5 m/s

replay from 2026/03/27, mid-atlantic ridge S X5 7



Typical bathymetry survey standard deviation \ |

raw DTM from real time .all
dive time: 17 h

dive track : 80 km

Palinuro seamount
raw DTM from real time .all

navigation
drifts

STDE.
ee— o
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Bathymetry artifacts

@ Geographic View “R B BL LG r0Ke R -0

Artifacts
= perpendicular to AUV track
= soundings look like
« folded » backward
= seems correlated to pitch

0,00
Altitude -897 m N4314.113 E 006 57.804 Elev -1762,45 meters

% Swath Editor X

Ping counter
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Bathymetry artifacts

2 Chart Editor X

Artifacts
= perpendicular to AUV track
= soundings look like
« folded » backward
= seems correlated to pitch

pitch [arc_degree] 57 New variable

plat

@ Geographic View

- mispositioned soundings alongtrack
in real time by PU

Altitude -3 km
% Swath Editor X

Ping counter
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Artifacts
= perpendicular to AUV track
= soundings look like
« folded » backward
= seems correlated to pitch

- mispositioned soundings alongtrack
in real time by PU

EM2040 setup
= EM attitude input (100Hz)
= data (.all) logged on PU

EM2040

PSV = 2.6.2 220602

Investigations

UDP datagrams Pay|oad
“DSH = IN* controler

UDP datagrams

, SVP

=

EM depth sensor
Attitude

serial

DVL

— = == (3PS (surface)

I_ - USBL

(until touchdown)




Investigations

Artifacts
= perpendicular to AUV track
= soundings look like
« folded » backward
= seems correlated to pitch

- mispositioned soundings alongtrack
in real time by PU

EM2040 setup
= EM attitude input (100Hz)
= data (.all) logged on PU

Possible causes

* EM attitude datagram

* missing attitude packets 40 |

From KD support :
PU get stuck on the last attitude value
received =» mispositioning

.’ SN f & »© »© ¥ ¥ & ¥ QL & il >
N\ N N N\ N N N N N N N N N N N
Ifremer o 0T 3 S S

pitch (°)
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Investigations

Cause identified :
missing EM attitude packets, seems to be correlated to attitude ( pitch ?...)

ESSULYX23A

& o* = W o

datetme

Rough relief, high pitching =» missing attitude packets (7%)
Flat areas, no pitch =» No missing attitude packets

El e "



Investigations

Cause identified : missing EM attitude packets EM2040

seems to be correlated to attitude ( pitch ?...)
record EM attitude packets between Phins and PU
~~ specificaly designed dives to trigger artifact

Phins calibration
(dive start)

_ : l AUV pitching '
(stepped dive path)

PU flags
valid attitude data
as invalid...

E XN ‘“’mmer




Investigations

PU valid PU valid

PU invalid PU invalid

Installation parameters DSH = IN
“the heave of an underwater vehicle is presumed to be
measured by the vehicle’s depth sensor and
the heave sensor input is not used by system”

El e a

Attitude data invalidated by PU corresponds to
heave data falling outside the validity ranges:
19.99 m (cf. KD doc)




Root cause clearly identified :

attitude data invalidated by PU due to heave data falling outside the validity ranges

(£9.99 m) ... although “DSH=IN"

Input datagrams

EM Attitude input form
The EM attitude format is a 10-b
+ Byte 1: Sync byte 1 = 00h, or
* Byte 2: Sync byte 2 = 90h
+ Byte 3: Roll LSB

+ Byte 4: Roll MSB

+ Byte 5: Pitch LSB

+ Byte 6: Pitch MSB

* Byte 7: Heave LSB

+ Byte 8: Heave MSB

+ Byte 9: Heading LSB

+ Byte 10: Heading MSB
where LSB = least significant b

All data are in 2’s complement bi
and 1 cm resolution for heave.

Still valid attitude data

* Roll is positive with port side up with +£179.99° valid range
* Pitch 1s positive with bow up with £179.99° valid range

+ Heave is positive up with £9.99 m valid range

+ Heading is positive clockwise with 0 to 359.99° valid range.

Non-valid data are assumed when a value is outside the valid range.

src : EM Series Multibeam echo sounders, Datagram formats, rev. W

E'
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Possible solutions in real time :
Kongsberg PU patch

PU update (K-controler)
Tweak EM attitude input

=>» Phins EM datagram format modified
to constantly stream Om heave

Real time patch

14



Solutions

™4 1000m

heave / pitch ++

Real time patch

Hermine3 cruise
mid-Atlantic ridge
march 2026
dive #17

-2700,00 -2000,00 -1300,00




Heave / pitch ++

Real time patch

No more artifacts

Hermine3 cruise
mid-Atlantic ridge
march 2026
dive #17

Top view

Elevation

-2700,00 -2000,00 -1300,00




What about legacy data ?...

=» attitude integration from Phins records
=» beam launch vector computation + raytracing

Virtual Concentric Cone Algorithm (VCCA)
(Beaudoin et al. 2004)

8 =beam steering
L Ray Path _ 1 ’ i

. ; X :
Vi | ak g .

Non Concentric Cone Algorithm (NCCA)
(Hamilton et al. 2014)

Transmit
Ray Path

- L

\ ; / Txsteer ¥ur
‘Receive

Ray Path,

Transmitted cone

i
Beasrcer,
¥ a

Fast : geometrically simple, no loop Geometrically optimal :

Accounts for Tx/Rx separation (static and dynamic) + sectors
E3 localization error : concentric approximation E3 slow:

while loop per detection (3 to 5 iterations)
Hyperbola intersection (iterative Newton optimization method)
*j Ifremer

17



NCCA improved : EJ analytical hyperbola intersection algorithm

beam intersection

15

10

X (along track)
o

o

-10

¥ (across track)

Faster : no iteration, 6x Newton optimization method, constant time
Optimal : zero residual errors, no false solution

EX I[fremer 18



reprocessed
legacy datasets

algorithm validation-

2 intercomparaison
to
post processing
industry standards
with
Kongsberg as
“ground truth"

E XN 'flyf;amer




Solutions

Sounding position dispersion relative to Kongsberg real-time data
reprocessed with same SVP, attitude, navigation, as in RT

caris

along track diff (m)

across track diff (m)

Flat seafloor
depth: 2100 m

altitude : 6m
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Sounding position dispersion relative to Kongsberg real-time data
reprocessed with same SVP, attitude, navigation, as in RT

upgraded
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Conlusion

Core issue identified: PU hard-coded logic causes a complete attitude data rejection whenever heave thresholds
are exceeded, although PU is manually set to ignore heave (DSH=IN)

Workaround solution: Reconfigured the Phins INS to output a static Om heave value, successfully bypassing the
PU's automated rejection filter

Legacy data recovery: Developed a new efficient beam launch vector computation algorithm, matching both PU
& hydrographic software sounding accuracy

Takeaway: Subsea vehicle integration requires absolute decoupling of vertical motion sensors in PU

Perspectives N
o] {u e (o )
iy 3 T oW N
Core issue : update to K-Controler + KM Binary attitude datagram L ¢~ ﬂ_&
Y
: : : : : tew OB AN A
Beam launch vector algorithm: paper in preparation + Globe integration o sty \\ Y

EX I[fremer 22



Thanks to
= Marc Roche

:\QL()B

sonwa :
., “ = Koen Degrendele
R = Qlivier Duval s

for providing reference data
processed with Qimera, Beamworx and Caris

oo Thank you for your attention

https://www.seanoe.org/data/00592/70460/
globe-assistance@ifremer.fr
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Investigation of bathymetric artifacts in deep-sea AUV Ulyx



https://www.seanoe.org/data/00592/70460/
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