
P
o
S
(
I
C
R
C
2
0
2
1
)
1
0
5
2

ICRC 2021
THE ASTROPARTICLE PHYSICS CONFERENCE

Berlin |  Germany

ONLINE ICRC 2021
THE ASTROPARTICLE PHYSICS CONFERENCE

Berlin |  Germany

37th International 
Cosmic Ray Conference

12–23 July 2021

KM3NeT Detection Unit Line Fit reconstruction using
positioning sensors data

Chiara Poirè0,∗ and Dídac Diego-Tortosa0 on behalf of the KM3NeT Collaboration
(a complete list of authors can be found at the end of the proceedings)
0Universitat Politècnica de València (UPV) – Institut d’Investigació per a la Gestió Integrada de Zones
Costaneres (IGIC).
Paranimf 1, 46730 Platja de Gandia (València)
E-mail: chpoi@doctor.upv.es, didieit@upv.es

The KM3NeT collaboration is constructing two large neutrino detectors in the Mediterranean Sea:
KM3NeT/ARCA, located near Sicily and aiming at neutrino astronomy, and KM3NeT/ORCA,
located near Toulon and designed for neutrino oscillation studies. The two detectors, together, will
have hundreds of Detection Units (DUs) with 18 Digital Optical Modules (DOMs) maintained
vertical by buoyancy, forming a large 3D optical array for detecting the Cherenkov light produced
by particle produced in neutrino interactions. To properly reconstruct the direction of the incoming
neutrino, the position of the DOMs must be known precisely with an accuracy of less than 10 cm,
and since the DUs are affected by sea current the position will be measured every 10 minutes. For
this purpose, there are acoustic and orientation sensors inside the DOMs. An Attitude Heading
Reference System (AHRS) chip provides the components values of the Acceleration andMagnetic
field in the DOM, from which it is possible to calculate Yaw, Pitch, and Roll for each floor of the
line. A piezo sensor detects the signals from fixed acoustic emitters on the sea floor, so to position
it by trilateration. Data from these sensors are used as an input to reconstruct the shape of the
entire line based on a DU Line Fit mechanical model. This proceeding presents an overview of
the KM3NeT monitoring system, as well as the line fit model and its results.
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1. Introduction

KM3NeT will be the biggest underwater neutrino telescope in the sea water [1]. It is designed
to detect high-energy neutrinos through the measurements of the signals induced in sea water by
the particles producted by them. KM3NeT is under construction in the Mediterranean Sea. The
first Detection Units (DUs) are already in operation.
To investigate neutrinos and reconstruct the tracks of particles stemming from neutrino interactions
it is necessary to know the position and orientation of the Digital Optical Modules (DOMs), which
are subject to sea currents.
The KM3NeT positioning philosophy is the same as for its ancestor ANTARES [2, 3]. It consists
to obtain the positions (XYZ data) for each DOM by an Acoustic Positioning System (APS) and
the orientation (YPR data for Yaw, Pitch, and Roll values) for each DOM by an installed Central
Logical Board (CLB) that uses an Attitude Heading Reference System (AHRS) with compass and
tilt-meter [4, 5]. These raw data need a post-analysis to improve the precision of the positioning
process. For this reason, a DU Line Fit model has been developed. The DU Line Fit process is
described in this proceeding and the results for three hours data taking for the detector for the six
DUs of KM3NeT/ORCA are presented.

2. KM3Net Detector

KM3NeT is an infrastructure which will comprise a large number of Digital Optical Modules
(DOMs) in the deep sea of the Mediterranean Sea. The main goals of this experiment are:

• The discovery and subsequent observation of high-energy neutrino sources in the Universe;

• The study of the mass ordering of neutrinos.

This infrastructure is divided in two different locations: Porto Palo di Capo Passero in Sicily, and
Toulon in France. The detector at the Italian site is named ARCA and consists of two blocks; it
is installed at a depth of 3400 m underwater. The detector at the French site is named ORCA and
consists of one block; it is located not far from the existent detector ANTARES, at a depth of 2400
m. Every block is made up by 115 Detection Units (DU), each of which includes 18 Digital Optical
Modules (DOM). Inside every DOM there are 31 Photon Multiplier Tubes (PMT). Each block then
forms a three-dimensional array of photo-sensors that can be used to detect the Cherenkov light
produced by relativistic particles that emerge from neutrino interactions.

3. Positioning system

Themain goal of KM3NeT is to detect neutrinos; in order to do this it is necessary to reconstruct
particle tracks, so it is very important to know the position and the orientation of each DOM. Since
the detector is anchored on the sea bed, it is affected by the sea current that can move, displace and
rotate the Detection Lines (DUs). For this purpose, there are acoustic and orientation sensors inside
the DOMs.
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3.1 APS: Acoustic Positioning System

The Acoustic Positioning System (APS) is used to determine the position of the Digital Optical
Modules (DOMs) in the space [X,Y,Z]. The APS allows to reconstruct the position of the acoustic
receivers by the trilateration method. This is possible thanks to the acoustic emitters anchored on
the seabed in recognized locations, called Acoustic Beacons (ABs). All DOMs have a piezoceramic
sensor installed inside their glass sphere and all DUbases have amounted hydrophone. TheAcoustic
Data Filter (ADF) software of KM3NeT analyzes the acoustic data recorded by the receivers and
sent to shore, searching (via cross-correlation method) the AB signals and recording the Time of
Arrival (ToA). The ABs installed for the moment in KM3NeT are autonomous; this implies that the
emission is not synchronized with the KM3NeT clock, and the detector does not control the Time
of Emission (ToE). Such autonomous ABs work emitting an individual sweep signal (one per AB
to distinguish the emitter) in a work duty cycle of 10 minutes (1 minute of emissions and the device
is kept off to save energy from the battery pack). During the minute of emissions, the signal is sent
every 5 seconds.

Since the hydrophones and ABs are in known positions and the sound velocity (2B>D=3) is
known, the distances between them (3��−�H3A>) provide the Time of Flight (ToF); the the ToE for
every AB is calculated:

)>��� = )>��H3A> − )>���−�H3A> = )>��H3A> −
3��−�H3A>

2B>D=3
(1)

Detecting the Time of Arrival in the DOM (ToA�$" ) for each AB, we can determine the
Time of Flight (ToF, distance between emitter-receiver) and deduce the XYZ for the receiver by a
trilateration method.

3.2 AHRS: Attitude Heading Reference System

Another part of the positioning system is an Attitude Heading Reference System (AHRS) in-
stalled inside each Digital Optical Module, installed inside each DOMs. It is a chip that provides the
three components of the Magnetic field (�G , �H , �I) and the three components of the Acceleration
(�G , �H , �I). From these components it is possible to calculate the Yaw, Pitch, and Roll, which are
respectively the rotation around three perpendicular axes G, H and I for each DOM. They can be
calculated as:

%8C2ℎ = 0C0=2(�G ,
√
�2
H + �2

I) (2)

'>;; = 0C0=2(−�H ,−�I) (3)

.0F = 0C0=2(−�H · cos('>;;) + �I · sin('>;;),
�G · cos(%8C2ℎ) + �H · sin(%8C2ℎ) · sin('>;;) + �I · sin(%8C2ℎ) · cos('>;;)) (4)

AHRS data are provided every 10seconds.
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4. Mechanical Model (MM)

For the DU Line Fit a Mechanical Model (MM) for KM3NeT has been developed from the line
shape model for ANTARES detector [3], that combines APS and AHRS data to improve the DU
alignment. The DU line fit of KM3NeT has developed a MM that provides the line shape (DOM
positions) based on the sea current properties (velocity and direction). The MM is a computational
method that determines the coordinates in space [X,Y,Z] from the velocity (a) and direction (l) of
the sea current, thanks to the mechanical equations based on known mechanical properties [6]. The
MM distinguishes two different analyses, depending on the data source to study: tilt and position
methods.

If the data to analyze is the zenith angle for each DOM (angle respect to the vertical axis), the
MM equations are (tilt method):

tanU = "C8;C · a2 (5)

where U is the zenith angle of the DOM (which can be calculated from YPR data, see Detection
Line Fit Model section), "C8;C are the mechanical constants calculated for the tilt method of the
MM, and a represents the effective sea current velocity.

If the data to analyze are the [X,Y,Z] coordinates for each DOM (positions in space), the MM
equations are (position method):

A = "?>B · a2 (6)

where A is the displacement from the vertical position (which can be calculated from XYZ data),
"?>B is the mechanical constants calculate for the position method of the MM, and a represents
the sea current velocity.

So, from the input data (U or A) the MM performs a linear fit using the mechanical equations
to estimate an effective sea current velocity (a). Also the effective sea current direction (l) is
estimated based on XYZ positions or U direction.
Then, the DU Line Fit can obtain its output values (reconstructed positions, Figure 1) improving
and correcting the raw data.

5. Detection Line Fit Model

The Detection Line Fit Model allows to reconstruct the position [X,Y,Z] in space of the DOMs
from a raw input data. The raw input data can be of two types: raw data from AHRS or raw data
from APS. Therefore, as can be seen from the diagram in Figure 1, there are two possible paths; in
this proceeding only the procedure and results for the first one, i.e. the one from the AHRS data,
will be presented.
The first step consists in applying offset correction to Yaw, Pitch, and Roll (5.1) and then in
converting through a rotation matrix these value in XYZ components (5.2). With the positioning
method, described before, one can obtain the sea current properties and finally apply theMechanical
Model to get the reconstructed position XYZ.

4



P
o
S
(
I
C
R
C
2
0
2
1
)
1
0
5
2

KM3NeT Detection Unit Line Fit Chiara Poirè0,

Figure 1: Detection Unit Line Fit analysis procedure in KM3NeT

5.1 Offset application for AHRS data

As described before, the AHRS system provides the acceleration andmagnetic field component
from which it is possible to compute Yaw, Pitch, and Roll. To reconstruct properly the orientation
of the DOMs,it is necessary to apply offsets to the value of the Pitch and Roll value. The offsets are
obtained by studying the shapes of the lines in periods in which strong sea currents are absent and
assuming that the line is perfectly vertical.

5.2 YPR conversion to XYZ data

Once the offsets are applied to Yaw, Pitch, and Roll data, the next step is to transform these
values into positions in space. To do this a rotation matrix is applied. The conversion matrix [7],
obtained by the product of the three relevant rotation matrices, can be written as:

(
DG

DH

DI

)
=

©«
cos % cos (90 − . ) − sin ' sin % cos (90 − . ) − cos ' sin (90 − . ) − cos ' sin % cos (90 − . ) + sin ' sin (90 − . )
cos % sin (90 − . ) − sin ' sin % cos (90 − . ) + cos ' cos (90 − . ) − cos ' sin % sin (90 − . ) − sin ' cos (90 − . )

sin % sin ' cos % cos ' cos %

ª®¬
(

0
0
1

)
where . , %, and ' correspond to Yaw, Pitch, and Roll values respectively. Note that the 90 −. is a
correction applied to convert from the reference system on the AHRS board to the reference system
of the KM3NeT detector.

6. Results

The results reported in this document are an example of the application of a DU Line Fit Model
for the data taken the 24Cℎ February 2020, from 6:00 am to 9:00 am, for the six Detection Units of
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KM3NeT/ORCA. During those three hours a strong sea current was present.
The results of the fit computing the sea current velocity and direction are shown in Figure 2.

Figure 2: Sea Current properties as a function of time: Top: the sea current velocity; Bottom: the sea
current direction.

The Figures 3, 4, 5 show the final results of the DU Line Fit: the reconstructed position [X,Y,Z]
during the three hours considered in the different dimension/point of view. It is possible to see the
DU movements due to the strong sea current.
This model has been applyed to all six DUs of KM3NeT/ORCA; due to technical problems DU9
does not have a floating buoy, this compromises the correct application of the Mechanical Model
and the different reconstruction is probably attributable to related systematics, which are under
investigation.

Figure 3: Detection Unit Line Fit position reconstruction with horizontal displacement
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Figure 4: Detection Line Fit position reconstruction with top-view for each line with respect to their position
on the sea bed

Figure 5: Detection Line Fit position reconstruction with top-view in three different moments: at the
beginning of the considered period (left plot), in the middle (plot in the middle), at the end (plot on the right).

7. Conclusions

The results presented here show that the developed DU line fit model looks promising using
AHRS data with the position method (Figure 1) and point out where we plan to improve treatment
of compass value uncertainties. Another important aspect is that the model can be used on periods
where there is a strong sea current that can displace the DUs a few meters from the vertical posi-
tion. These results show the possibility to reconstruct the positions of the main components of the
detector independently of the acoustic positioning system.
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