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The International Monitoring System (IMS): 337 facilities
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4 Monitoring Technologies

45/50 Primary Stations Certified

110/120 Auxiliary Stations Certified

11/11 stations certified 54/60 stations certified

Seismic Hydroacoustic Infrasound Radionuclide 

73/80 stations certified

26/40 noble gas capability certified

14/16 laboratories certified

Listening underground Listening under water Listening above ground Sniffing for radiation
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The 4 Components of the Verification Regime
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International 

Monitoring System

Comprise facilities 

for all 4 

technologies and 

respective means 

of communication 

and shall be 

supported by IDC

Consultation and 

clarification

Highlight and 

resolve potential  

non-conformity 

through 

consultations

On-Site Inspection

Clarify potential 

non-conformity 

through on-site 

inspection

Confidence 

Building Measures

Prevent the wrong 

interpretation of 

data and support 

the calibration of 

monitoring tools

The Verification Regime is central to the Treaty
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Quality Assurance Process

Type 

Approval

Device 

Acceptance
Initial 

Calibration

On-site 

Calibration

New model accepted 

for use in IMS 

network

Device S/N 000x 

accepted for use in IMS 

network

Nominal response 

determined

Response 

measured

Extensive testing of a 

new device model 

against IMS and 

manufacturer model 

specifications

Testing of an 

individual device 

against manufacturer 

model specifications

Testing of a new 

system in 

operational 

conditions against 

IMS specifications

Full frequency 

response of 

operational system 

and comparison against 

initial calibration results
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when equipment change

S/N S000x S/N D000x

S/N W000x



Current Calibration Capability of IMS Stations - Seismic
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Laboratory Calibration

• Laboratories and NMIs have adapted their
workbenches to support large seismometers used
for the IMS (EURAMET InfraAUV Project).

• Some concepts for primary (down to 1mHz using
tilt in gravitational field) and secondary laboratory
calibration (down to 10mHz) (Bruns, SE01-O5).

• PTS has developed with expert laboratories draft
QA documents for the type approval and device
acceptance of seismometers and digitizers.
(Doury, P3.1-727)

Initial and Onsite Calibration

• PTS relies on electrical “self-calibration” for IMS seismic and
hydroacoustic T-phase stations.

• Electrical “self-calibration” comes with operational complexity
and limitations (Merchant, P3.1-178)(Bloomquist, P3.1-182)

0.01 Hz 0.1 Hz 1 Hz 10 Hz

vibrationIMS seismic monitoring range

20 Hz

Static 
acceleration

frequency

No validated CMCs
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Equipment 
compatibility Complex, 

infrequent tasks for 
Station Operators

Resource intensive 
planning

EURAMET - InfraAUV 2020-2023

Lab Lab-to-field Field

Seismic

Solution uncertain Solution Implemented



Laboratory Calibration

• The primary laboratory calibration setups are still not well established worldwide; only a few NMIs have calibration capabilities

at very low frequencies (1 Hz from 100 Hz). This capability still needs to be expanded across NMIs and DIs.

• The secondary laboratory calibration setups are more mature compared to the primary standards, with traceability obtained

from other references i.e., sound in air. Secondary calibration can be traceable down to a few hertz.

• Implementation of ocean conditions (depth and temperature) into laboratory standards still needs further development, with

challenges remaining in the frequency range of interest to the PTS (1–100 Hz). Only a few NMIs currently have this capability.

Initial and On-Site Calibration

• UWS digitizer electronics calibration in situ after deployment can currently be performed. However, on-site full chain calibration

for the low-frequency range and under ocean conditions has not yet been established. (Corakci, O4.4_273)
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Current Calibration Capability of the Metrology Community - Hydroacoustic 

The views expressed on this presentation are those of the authors and do not necessarily reflect the view of the CTBTO.

Side event
on 

metrology
SE01-O1

No validated CMCs

0.1 Hz 1 Hz 10 Hz 100 Hz

IMS hydroacoustic monitoring range

250 Hz

Static 
pressure 

frequency

EURAMET InfraAUV 2020-2023

Lab Lab-to-field Field

Hydroacoustic

Solution uncertain Solution Implemented



Current Calibration Capability of IMS Stations - Infrasound
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Laboratory Calibration

• No validated CMCs yet, but several concepts and
methods have been developed by NMIs and IMS
service providers (primary and secondary
calibration).

• CTBTO Comparison PTSAVH-C1: demonstrates
equivalence between measurements of expert
laboratories for majority of IMS frequency range.

• First accreditation of a laboratory in IMS frequency
band of interest. (Rodrigues, SE01-O4)

No validated CMCs

0.01 Hz 0.1 Hz 1 Hz 10 Hz

audible soundIMS infrasound monitoring range

20 Hz

Static 
pressure 

frequency

InfraAUV 2020-2023

Initial and Onsite Calibration

• Good progress on roll-out of passive
calibration capability at IMS stations
(40% of IMS certified infrasound
stations).

• CalxPy software supports calibration
of infrasound measurement systems
in lab and onsite. Available in NDC in
a box for authorized users.

      
                         

Gabrielson, 2011
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Future Calibration Capability Plan for IMS Stations - Seismic
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Laboratory Calibration

• Research by metrology community is ongoing to

further develop calibration methods to link seismic

measurements to the SI (Bruns, SE01-05)

• Formulate mutually beneficial pilot studies and

comparisons to develop and validate measurement

capability of NMIs and expert laboratories.

• Open communication with manufacturers and

service providers.

Initial and Onsite Calibration

• PTS enhances and deploys software (SSI) used for electrical
calibration at IMS seismic stations.

• Review and critique of existing and alternative onsite calibration
practices at IMS stations and Parent Networks.

• PTS calls seismic community to conduct further research on
side-by-side calibration.

The views expressed on this presentation are those of the authors and do not necessarily reflect the view of the CTBTO.

PTS develops a roadmap for the advancement of seismic metrology (Barham et al., O3.1-722)

QA infrastructure and documentation

Have all processes fully documented for transparency and continuity of established best practices



Future Calibration Capability Plan for IMS Stations - Hydroacoustic
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On Site Calibration

• Hydrophones are the primary sensing elements, and their

performance is critical.

• Potential instabilities arise from ageing, electronics, water ingress, or

external impact.

• Analog system parts (hydrophone and cable) degrade over time but

are not fully traceable.

• IMS stations must operate well beyond design life, requiring early

detection of aging.

• Full chain in-situ calibration may support to identifies issues,

supports maintenance, and ensures long term reliability.

Laboratory Calibration

• Expand primary laboratory standards and calibration capabilities at

very low frequencies (1–100 Hz) across more NMIs and DIs.

• Incorporate ocean conditions (depth and temperature) into laboratory

standards.
The views expressed on this presentation are those of the authors and do not necessarily reflect the view of the CTBTO.



Future Calibration Capability Plan for IMS Stations - Infrasound
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Laboratory Calibration

• Repeat (and extend) comparison cycles to maintain
equivalence between NMIs and expert laboratories,
formulate pilot studies to develop and validate
measurement capability of NMIs and expert laboratories.

• Open communication with manufacturers and service
providers.

• PTS calls metrology community to continue efforts
towards CMC submissions by NMIs and Dis.

• Need for further research on environmental susceptibility
(to better understand the instruments through their
lifecycle)

Initial and Onsite Calibration

• Continued roll-out of calibration capability at IMS infrasound
stations.

• Process formalization and implementation of travelling standards
to regularly re-establish traceability to the SI.

• Conduct a pilot study using QC metrics based on historical IMS
infrasound calibration data and evaluate potential benefits.

As progress is made, PTS updates its rolling roadmap for the advancement of 

infrasound metrology

QA infrastructure and documentation

Continued effort by PTS to extend QA infrastructure document



Conclusion
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• The calibration capabilities of laboratories are expanding and moving toward meeting the

requirements of the IMS Stations.

• Calibration capabilities are not widely available for the IMS frequency bands, and formal CMCs still

need to be submitted.

• A better understanding of instruments throughout their lifetime, including characterization of

environmental susceptibility (operational conditions), is still necessary.

• Onsite calibration of seismic and hydroacoustic systems faces operational and fundamental

challenges, while the method for infrasound calibration is mature and being deployed.

• QA investments and roadmaps directly support and are driven by long-term IMS sustainment goals.
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Points of contact for further communication 
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CTBTO – IMS/ED

• Hydroacoustic - Ata Can CORAKCI – ata.can.corakci@ctbto.org

• Infrasound & Seismic - Benoit DOURY – benoit.doury@ctbto.org
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THANK YOU

Full Chain In-Situ Calibration of Hydroacoustic Hydrophone Stations
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