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A GVD String
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DEPTH
736 m

IPS sensors: accelerometer, compass

928 m
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1093 m

A GVD optical module

1275 m
e 10 inch Hamamatsu R7081HQE PMT 1356 m

* 17”7 (43 cm) VITROVEX glass sphere
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An S2CR 42/65 acoustic modem or

a Latena SpiN 57

2-way acoustic communication

Whole detector volume is signal
transparent

Can measure acoustic ToF
between acoustic modems



A GVD String in real life
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Cluster 9 String 8
July 13%-15% 2024
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1 meter positioning error for an optical module produces a 4.5 ns timing error
Achieving 2ns resolution means positioning optical modules with <40cm precision
Optimal precision: 25 cm (PMT diameter)

Hydroacoustic network (APS) Inertial positioning (IPS)

* Very precise (~ 1cm error) * Less precise (10-20 cm error, up to 1m).

* Uses acoustic modems mounted along Uses inertial sensors mounted in optical
the optical modules and at the modules.

lakebed

* Interval between measurements ~ 2
* Currently large interval between minutes.
measurements (tens of minutes)
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e Precise GPS coordinates for anchor
mounted modems are measured
annualy during a winter "
expedition. |

*  Anchor mounted modems are
considred fixed in place and form a
lakebed base antenna.

* Time-of-flight (ToF) measurements
from modems mounted along
optical modules to the lakebed
antenna are used to reconstruct
their coordinates.




The acoustic positioning system: table method /14

Depth, m

Step 1: convert ToF to average distance to base modems
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Step 2: Prefit in spatial domain using average
distances

RSSy(;) = \/Z (Dyj —

B: — coordinates of i-th base modem

T; — Bj

)2

Step 3: Calculate effective speed of sound per
ToF measurement

Ci = Dprefit,i/ Corefit, i

Step 4: Fit in time domain using effective c:

RSS(7) = /(117 — Bil| - t:)?



The acoustic positioning system (results)
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RSS;in XY and YZ (0.5m from fit) %
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* APS data used to calibrate IPS
sensors on optical modules.

. a 1EI)D 2EI)D SE)D 4-EI)D
e IPS measurements are used to fit
OM positions to a catenary.

* Once the catenary is obtained,
acoustic modem coordinates can be
inferred from the string layout and
appended to APS data.

a - X
Compass _Accelerometer y=g(e7a+ea)=axch (5)

o0 18/0-10 4 o018

Lab IPS sensor calibration measurements




APS vs IPS measurements
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Combining data

om287.cld om287 clf
0.25 A
8 ol :EB]‘;_E:
20.00 4 g T [ L0
] Rl - i)
875 = 40 N12 Cm S I D num 7
20.50 1 K]
E 201
29.25 4 E
060121 06-02 00 06-02 03 06-02 06 060200 060212 060215 0602 18 060221 ° 1o 05 00 o 1o
x_delta, m
M MEaN EVIP
—687.5 4 9 60 miIHA
=
—682.0 H I mai 03,
2A0 num [AV]
5
—688.5 T
£ o
—689.0 2
06-01 21 06-02 00 06-02 03 06-02 06 06-02 09 06-02 12 06-02 15 06-02 18 06-02 21 -10 03 00 05 1o
y_delta, m
623.17 4 F R m mEan [ U0 |
#&"’ + sargeyZ 4 s001
623.16 . + +— p roey g e M ey
- ¥ m max TOO0IT
% w400 A num i)
623.15 s Y 5
+ 2 300 1
623141 o . - 2
= " =y - oy - B i -
06-01 21 06-02 00 06-02 03 06-02 06 06-02 09 06-02 12 06-02 15 06-02 18 06-02 21 -L0 05 00 05 10
z_delta, m
10 P
E g 1o TEam TIT
g 03 g min
8 % & max | 077 |
T 00 % AL
=
2 Y
£ p54
5 : 2
e 1ol . . . . . . . . 0 ! o . . ; .
06-01 21 06-02 00 06-0203 06-02 06 06-02 09 06-02 12 06-02 15 06-02 18 06-0221 0.0 05 1o 15 20 25
full, m
e 1o
g + %
2% . :.lll
5 +
£ 001 + 2
2
£ _ps5
-}
]
= -l T T T T T

00 02 0 06 08 10
distance from reference position, m



OM positioning precision check
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We interpolate OM positions from
modem coordinates assuming
piecewise-linear string structure

In this approach the error is not
constant along the string and is
maximized in the center of the top
section

We have installed an AM in this
position on cluster 3 to compare direct
measurements with interpolated
expectation

Maximum error

Calibration modem installed here
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A new, hybrid positioning system has been developed for Baikal-GVD: from data
acquisition to coordinate reconstruction

Acoustic positioning system yields a ~1cm precision using a tabulated approach
IPS system provides a rapid, if less precise, coordinate estimate.

The final OM positioning error is ~20 cm, comparable to PMT diameter, as
expected.



Backup
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