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isin asnstn | TREATY ORGANIZATION Introduction

A IMSHydroacousti€¢HA) hydrophone station overview

(For useful videos introducing the IMS and its HA network, htigis:.//www.ctbto.org/verificationregime/and
https://www.ctbto.org/verification-regime/monitoringtechnologieshow-they-work/hydroacoustiemonitoring/ )

A IMS HA hydrophone station calibration
I Predeployment endio-end calibration
| Calibration of underwater system (UWS) digitizer electronics after deploy

A Overview of HA hydrophone station etmend system response

A Analysis of UWS digitizer electronics calibrations found in the CTE
International Data Centre (IDC) database to date

A H10S fault example of large changes in UWS digitizer response
A Conclusions, Ongoing Work and Outlook
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u (White boxes) 6 Hydrophone stations: moored hydrophones pidkydpocaoustiavaves in the water columriEach
hydrophone station has two triplets of hydrophones to prevent shadowing from the island, except for HAO1 (Australi:

which has only one triplet.
3



COMPREHENSIVE
NUCLEAR-TEST-BAN . rop

TREATY ORGANIZATION

If you want to k more about One trl Iet and trunk Cable

how an IMS HA hydrophone

station is installedsee this short Note
documentary: * Schematic
https.// www.youtube.com/watch « Notto scale
?2v=wKUINIvOvug

control, sends hydrophone
data to CTBTO in Vienna v
satellite link)

Tail cable

Sub-surface buoy
Hydrophone

Riser cable
Internode cable

Trunk cable:
A fibre optic data link
A electrical power to triplet.

In-water electronics

Internode cable

Note: Each IMS HA hydrophone station has two triple
except for HAOL (Australia) 4
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A Comprehensive NuclediestBan Ireaty requirement:
- amplitude calibration must be measured in the band 100 Hz
- accuracy within 1 dB amplitude, no requirements on the phase

A Before deployment: full entb-end system calibration at
Factory Acceptance Test (FAT) / System Integration Test (SIT)
I Hydrophone sensing element & pagnp in lowfrequency tank facility
I UWS digitizer electronics: input from riser cable to laser output in the le

A After deployment: UWS digitizer electronics calibration, triggerec
by a command from the shore faclility

5
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Electronics Calibratiop

3) Data received at the shore and
sent to Vienna via the satellite link.
Processed to check if there are
changes in the response over time.
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——— Calib processing

CAL-DAC amplitude response {count/count)

Hydrophone . osl e |
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capacitance e ‘

and resistor) R P

2) Known pre-stored analog waveform s
Pre-amplifier is injected via a Digital-to-Analog e
1) Command from converter (DAC). Sequence consists of:
shore opens arelay l - Pseudo-random noise: random
switch in the UWS < broadband code (RBC)
electronics bottle. - CW sinusoid chirps
Analog Analog Anti-Aliasing
High-pass filter R Low-pass filter .| Analog-to-Digital |
[to compensate for low- - [Nyquist : “| Converter (ADC)
frequency ocean noise curve] bandwidth < fs,niing/2]
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callbratlon sequence

A Calibration data recorded at the shore

A While one channel is calibrating, the
others continue to acquire acoustic
data.

Frequency (Hz)

A Data received & stored at the CTBTO
International Data Centre (IDC).

20 40 60 80 100 120 140 160 180

Time (sec
0 ,( | | I A Transfer function from Digitizer input tc
s o5 CW sinusoids O(‘)";\‘ i\,f sz{ g > ADC output (fiber/laser) computed
: °““W I ’ using a replica of the analog calibratio
"It AO1E 4/ ta01é | waveform and some key processing
A . Ti,,,l,"{;ec, LA parameters recommended by the

Colorscalesignal amplitude squared in dB /re arbitrary reference manufacturer.
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A Table from the CTBTO International Data Centre (IDC) with start/end time:
when calibration flag bit is set

A Remove DC bias from raw signal.

A Use raw signal squared magnitude w/ threshold to reliably detect beginnin
of RBC sequence.

A Cut out RBC sequence signal with fixed # of samples.

A Compute transfer function using RBC input sequence replica.



